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Tot T-11 Srec. Distribution Date: 24 MAR 82 '
From: [David Forssthe<D§;>~é§7
Iert? Low Cost LSI
Ext? 225-5283
llecnet? SNICKR: ¢FORSYTHE
Loc/Mail Stori: HL1-1/008

SURJECT: T-11 UFDATE

The T-11 is now 38 Frroven microrrocessor which is being
manufactured in Froduction quantities (over 3500 to date) and has
teen successfully incorrorated into many sustem desidgns and
arrlications. The T-11 has achieved Limited Release status at
Hudson 2s well as zt Sunertelky our second source. T-11’s are now
available to the outside world through Chir Szles as u/T-11. The
T-11 HOT LINE number is (DTN) 225-53061% the HOT LINE is available
to internal users for answering T-11 serlications cuestions.

As we look asheady the rrice of T-11‘s will be coming down as
rroduction costs decrease with imrroved uwieldss better testindgs
etcs The rredicted transfer cost for FY83 is $295 and the cost -
for FYB84 is not to exceed $18 rer chir. Reduced rricing should
oren ur new sreas for T-11 arrlications.

Revision E of the T-11 Engineering Srecification includes 311
srecification urdates as of 1 MAR 82, All chandes were arrroved
at Chirs Chande Control (CCLC) Meetindgs. These meetinds dgive T-11
users 3 chance to review rrorosed chandes so the changes that are
arrroved will not be user sensitive. Most of the chandes between
Revisions I' and E of the Srec. fall into the catedgory of
documentation clarification. For srecific details of the
chandesy ~lease refer to "locumentation of T-11 Endireering
Srecification Historu®.,

This will be the last sutomatic urdate wou will receive.
Subsequent urdates will be rrocessed throudgh the normasl ECO
Frocedure. See HL TDocument Control in the future.

THE T-11 SPECIFICATION IS COMFANY CONFIDENTIAL, SO»

FLEASE HAVE YOUR OLD SFECIFICATIONS SHREDDED.

Thank wou for wour interest inm the T-11 Microrrocessor.
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T-11 ENGINEERING Date: 1 MAR 82
SPECIFICATION DIST. From: David Forsythe nggé}
Dept: Low Cost LSI
Ext: 225-5283
Decnet: SNICKR: : FORSYTHE
Loc/Mail Stop: HL1-1/Q08

SUBJECT: DOCUMENTATION OF T-11 ENGINEERING SPECIFICATION HISTORY

In order to better document the history of the T-11 Engineering
Specification, the following lists of the differences between

Rev'

s. C and D and Rev's. D and E of the T-11 Engineering

Specification have been compiled. I would also like to draw your
attention to two conventions which were adopted in order to help
document the changes between revisions of the T-11 Engineering
Spec. Each page has a revision letter on it corresponding to the
last revision in which any changes were made on that page. For
instance, a page with "Rev B" on it was changed between Revisions
A and B, but has had no changes since. Also, the lines that were
changed between the current and former revisions of each page are
denoted by a "|" in the right hand margin.

The

following differences exist between Rev. C and Rev. D of the

T-11 Engineering Specification.

1.

Page 8, Section 2.2.7 Signal Utilization for Each Bus Mode:

A column in the table was added with the heading "Dynamic All
Modes" and entries were made in the AI rows. Notes were
added in 8 Bit Dynamic mode and 16 Bit Dynamic mode, "In
dynamic mode at refresh time the AI are the output of an 8
bit counter"; in 16 Bit Dynamic 64K mode, "Caution because
DALO maps to AI<K6> word and byte operation are mapped to
different memory locations unless external AI logic is
used."; for AIKO0> in 16 Bit Dynamic 4K/16K mode, "Fetch cycle
if not doing a refresh cycle."

Page 14, Sections 2.3.16 DAL<K15:8> (Input/Output TRI-STATE)
Data and Address Lines and 2.3.17 Dal<7:0> (Input/Output)
Data and Address Lines: 1In explanation of when the DALSs
output indeterminate data, "byte not addressed during byte
operation" was changed to "byte not addressed during
Write/byte operation with ready slips".
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Page 15, Section 2.3.18 AI<K7:0> (Input/Output TRISTATE)
Address and Interrupt: the paragraph;

During refresh, the refresh address is provided on
the AI Lines. The refresh counter is decremented
after each refresh.

was changed to;

During refresh in all dynamic modes, the refresh
address 8 bit counter is provided on the AI Lines.
The refresh counter is decremented after each
refresh.

Also, Refresh Counter Bit 7 was designated "MSB" and Refresh
Counter Bit @ was designated "LSB".

Page 17, Section 2.3.18: Under the FETCH description, the
note, "CAUTION: During Refresh, the AI lines have the refresh
counter address on them." was added.

Page 18, Section 2.3.19 Sample Signal Equivalency for
Specific Manufacturer's Chip Families: For the Mostek
MK4027-3/4, the Equivalent T-11 Signals for Manufact. Family
Signals A<5:8> were changed from "AI<K5:0>" to "AI<K6:1>"; for
the Mostek MK4116-2/3, the Manufact. Family Signals for the
Equivalent T-11 Signals, AI<K7:1>, were changed from "A<7:1>"
to "A<6:0>".

Page 23, Section 3.1 Absolute Maximum Ratings: The
statement, "Currents sourced by the DC314 are indicated by a
negative prefix to the value listed." was added. Section 3.2
Static Characteristics: "TJ = 0 to 100 C" was changed to "TA
=@ to 70 C"; the IIL limit was changed from +/-20 uA to
+/-50 uA; the IFL limit was changed from +/-20 uA to +/-50
uA. The parameter IILP was deleted. The current direction
on the IIH parameters was corrected to correspond with the
current direction convention; IIH (MIN) was changed from 0.1
mA to -#.1 mA, and IIH (MAX) was changed from 1 uA to -1 mA
(the uA to mA change was a documentation error correction).

The following new parameters were added in the Rev. D. Spec.:
IXLIH (Input High Current on XTL1l) has a maximum limit of
+700 uA with 2.4<VINKVCC and XTL# grounded, IXLIL (Input Low
Current on XTL1 has a maximum limit of -6.4 mA with

-0 .5<VIN<K+0.8V and XTL@# grounded, and VOHB (Output High
Voltage for -BCLR has a minimum limit of 2.2V with IOH = -700
uA and the -BCLR line terminated with a 1K resistor to VSS.
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10.

11.

12.

13.

14.

Page 24, Section 4.1 Bus Timing Annotated for Maximum XTL1,
XTLO Operating Frequency: Limit on TASF changed from

"(T - 48) = 85 ns min" to "(T - 83) = 5¢ ns min"; TASR
changed from " (T - 68) = 65 ns min" to "(T - 83) = 50 ns
min®".

Page 26, Section 4.1: Documentation error corrected; for
TMRC, " (2T + 10) = 177 ns min" changed to " (2T + 18) = 277 ns
min".

Page 27, Section 4.1: TNHC limit changed from " (T - 10) =
123 ns min" to "(T - 32) = 161 ns min"; TNHR limit changed
from "(T - 118) = 15 ns min" to "(T - 168) = 25 ns min";
TNHP limit changed from " (T - 21) = 112 ns min"™ to " (T - 43)
= 990 ns min"; TNMP limit changed from " (6T - 36) = 770 ns
min" to " (6T - 66) = 734 ns min".

Page 28, Section 4.1: TPIP limit changed from " (2T - 37) =
230 ns min" to " (2T - 47) = 220 ns min"; TPSN limit changed
from "(3T - 58) = 342 ns min" to "(3T - 90¢) = 310 ns min";
TPSR limit changed from " (2T + 24) = 291 ns min" to

"(2T + 14) = 281 ns min".

Page 29, Section 4.1: TRWD limit changed from " (T + 112)
245 ns max"™ to " (2T + 4) = 2760 ns max"; TSS limit changed
from "20 ns min" to "¢ ns min".

Page 30, Section 4.1: TWSP limit changed from " (3T - 85)
315 ns min" to "(3T - 114) = 290 ns min".

Page 31, Section 4.1, Notes: Note 11 was deleted; it said
"When user aserts these signals, he is responsible for
preventing TRI-STATE conflicts and for meeting any precharge
times otherwise required by his own external circuits.

Page C-3, Comparison of T-11 to other processors in the
PDP-11 Family: Activity 11A was added for the T-11 only.

11A. When operating with the T-bit set (e.g. single
stepping) no interrupt requests will be serviced.
At the end of instruction execution, the T-bit
has higher priority than interrupt requests.
Once in the T-bit service routine, other interrupts
are blocked to insure no unexpected occurances.
When the RTT instruction is executed to leave
the service routine, interrupts will not be
serviced if the T-bit is set in the new PS
popped off the stack. The user will, therefore,
not see any interrupt requests he is expecting.
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The following differences exist between Rev. D and Rev. E of the
T-11 Engineering Specification:

Item Number

10.

11.

12.

13.

Description of Change

Change TUPP limit to 100,000 ns min. Reference
Bug Report 84. (Approved CCC Meeting of 1 April,
1981).

* Delete TASF from A.C. Characteristics. Change
TASF to TASR on Refresh Timing Diagram. Reference
Bug Report 125.

* Change limit on TSHF to 14 ns min. Reference
Bug Report 134.

* Delete TAHF from A.C. Characteristics. Change
TAHF to TAHR on Refresh Timing Diagram. Reference
Bug Report 135.

Change "BUS, NOP"™ to "BUS NOP" on page 14.
Show TORT on READY Timing Diagram.

Delete the word TRI-STATE where it applies to the
AI lines; rewrite text appropriately. Reference
Bug Report 148.

Delete IFL from D.C. Characteristics list.
Bug Report 15@.

Change "TSDE" to "TDSE" on IACK diagram. Reference
Bug Report 151.

Add TSSF to A.C. Characteristics list. Reference
Bug Report 152,

Revise Power-Up Timing Diagram to include RESET
timing. Reference Bug Reports 153, 163.

Change "TSFR" on Read/Write Timing Diagram to
"TFFR". Change TFFR definition to "Refresh or
Fetch on SEL# (L.E.) Set Up Time to -RAS (L.E.)".
Reference Bug Report 156.

Add list of pins to each D.C. Characteristic.
Reference Bug Report 157.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Redefine TKHR as TWHR and change definition of TWHR
to "SALK15:8>, Write Data, or IACK Information Hold
Time from -RAS (T.E.)". Reference Bug Report 158.

Change "READY (T.E.)" to "READY (L.E.)" in
definitions for TYSC and TYSR. Reference
Bug Report 159.

Add TMHB to A.C. Characteristics List. Reference
Bug Report 160.

Change "TCMP" to "TCSP" on DMA Timing Diagram.
Reference Bug Report 161.

Add TDFB to A.C. Characteristics List. Change Note
10 on page 31 (Rev. D page number) to "-BCLR may be
used to gate mode input during RESET. TDFB may be
violated on DALK15:8,1:8> only. Violation of TDFB
on DALK7:2> may corrupt the processor." Reference
Bug Report 162,

Use new convention for showing active pullups on
all timing diagrams where applicable. Reference
Bug Report 164.

Change VIHPUP limit to 2.2V min. Reference
Bug Report 143,

Change VILPUP limits to -@.5V to +0.6V.
Bug Report 145.

Change ICC limit to "190 mA, STATIC, TA = @§ C".
Reference Bug Report 144.

Change Absolute Maximum Power Rating to "1.1 Watt".
Reference Bug Report 149.

Change IIL limit to "-50 uA, VIN = @.4V; +10 uA,
VIN = VCCMAX". Reference Bug Report 130.

* These changes approved at the CCC meeting of 12 NOV 8l1.
Rev E. changes with no special notes were approved at the

26 FEB 82 CCC Meeting.

rar:1.20
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1.1 SCOPE

This document specifies the functionality of MOS/LSI chip which |
is a one chip PDP-11. The descriptions herein assume readers are
familiar with the PDP-11 instruction set and software architecture.
For further information, the applicable documents should be consulted.

THIS SPECIFICATION IS SUBJECT TO CHANGE BECAUSE OF LOGIC AND
LAYOUT CONSIDERATIONS.

ALL CONTENTS OF THIS DOCUMENT ARE COMPANY CONFIDENTIAL, AND DUE
CAUTION SHOULD BE EXERCISED TO CONTROL EVEN INTERNAL DISSEMINATION.

1.2 Applicable Documents

.

For DEC documents, they are assumed to be applicable in general,
but this document has precedence.

For other vendors documents, all attempts have been made for this
document to be correct, but other vendors' specs must dominate.

DEC's Microcomputer Processors 1978-1979 (Section 3, Chapters 9,
10, & 12)

DCT11-AA User's Guide |

MOSTEK's MK4027-2/3/4 Functional Specification

MOSTEK's MK4116-2/3 Functional Specification

INTEL's Component Data Catalog

MOTOROLA's M6808 Microcomputer System Design Data Handbook

MOTOROLA's 1.5 and 2.0 MHz Components for the M6860 Microcomputer
System Data Sheet

1.3 T-11 Chip Description

A}

The T-11 is a one chip PDP-11 intended to be internally
competitive (cost and chip count) with the 8685 in bounded system
applications. 1Its major features are the LSI-1l1 instruction set, an
efficient 16-bit internal architecture and a bus which is compatible
with TTL, memory chips, 8085 and 6800 peripheral chips, etc. A
user-loadable mode register customizes T-11 to a wvariety of
environments: for example, a mode is available which operates the
16-bit T-11] on an 8-bit data bus. Other special features of the T-11,
many not found on other microprocessors, are listed in Section 1l.4.

Rev. B
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The T-11 is a 16-bit microprocessor which connects easily to many LSI
memory and 8-bit I/O chips. The 40 pins of T-11 do multiple duty.
They are designed to require few support chips for simple systems, and

to need only a few more chips for complex systems. The system
designer may save cost when he needs to or may achieve high function-
ality at still modest costs. To accomplish this range of 1I/0

adaptability, the T-11 accesses during power up an external MODE
REGISTER and modifies its pin functions based on the state of the mode
register bits.

For example, the simplest T-11 system might have limited memory and
1/0. Por this system, T-11] in STATIC, 8-BIT, DELAYED STROBE mode has:
an address and data-transfer bus identical to the 8#85; an internal
oscillator amplifier needing only a crystal and two capacitors to
clock the CPU; an input PUP, needing only a single capacitor to send
the processor to the chosen startup address; an oscillator output,
COUT, to drive a baud rate chip; and direct interrupt inputs,
AI<7:6,4:1> which are internally prioritized, masked and vectored.

Addition of large ROMs to this system requires an MSI octal latch to
demultiplex the low address bits <7:8>; -RAS may clock this latch.

Addition of more interrupting devices requires an MSI priority encoder
to send a code, instead of bits, to AI<K4:1>.

Addition of 680@0-type devices to this system requires a different
mode, NORMAL STROBE, for 6800-type Read/Write. An MSI or SSI chip
then is needed to make the 8@85-type signals -RD, ~WT, using the T-11
-CAS signal.

Addition of large amounts of Read/Write memory implies low-cost-per-
bit dynamic RAM chips. T-11 in DYNAMIC MODE accomplishes all of the
address multiplexing and refreshing these memories need. The only
additional support this mode requires is an MSI TRI-STATE buffer
enabled by PI (to bring interrupt signals to AI<K7:9> only when T-11
has freed those pins from their address multiplexing function).

Finally, the T-11 in 16-BIT MODE executes programs 6#% faster than in
8-BIT MODE. It requires two MSI support chips, one to latch address
bits <15:8> which are now multiplexed with data, and one to decode
-RD, -WT strobes from the R/-WHB & R/-WLB pins.

In all cases, the T-11 runs PDP-11 software, if the system designer or
programmer has provided new drivers or compatibility hardware for all
ll-incompatible I/0 devices.

Rev E
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1.4 Special Features

Special features are:

- LSI-11 Instruction Set, less MARK
- Internal Clock Oscillator
- Automatic Power-on Initialization
+5V only operation
- TTL level signals, designed for minimum support chip count
- Specially multiplexed addresses for direct connection to 16-pin
dynamic RAM chips, with buried refresh
- Optional features set at power-up by information on data
lines (MODE REGISTER).
8 or 16 bit data bus
Start/Restart address
Static or 4K/16K/64K RAM chip address multiplexing
Bus-synchronous or constant frequency output clock
Normal or lenghthened bus cycle
- Internally generated interrupt vectors, with extra conditions
possible by external expansion

Special PDP-11 differences are:

Halt is an unmaskable interrupt (at restart address)
Automatic Start sets stack pointer to 376, PSW to 3490
Internal interrupt vectors are dedicated to specific priorities

No bus timeout
Not I/O program compatible with standard DEC operating systems

Approximate speed benchmarks:
All times given in microseconds, unless otherwise noted.

T-11/16 T-11/8 LSI-11/0 11/34 (MOS)

MOV R@,R1 1.6 2.4 4.3 1.96 |
ADD MEM1,MEM2 6.00 10.8 14.4 7.27 |
BEQ (taken) 1.6 2.4 4.3 2.31
AVERAGE BYTES 1.5-1.7 1.8-1.1 8.7

per microsecond

NOTE: T-11 benchmarks are calculated using Rev151on 5.18 |
microcode and static modes and are subject to change.

Rev B
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2.8 FEATURES
2.1 Interrupt Structure

The T-11 inputs interrupt requests on the AI 1lines during the
assertion of PI.

If -VEC is passive and any of the -CP<3:0> lines are active, and
the implied priority of that set of asserted -CP<3:8> lines is not
masked by the PSW, an interrupt will be taken using the vector address
indicated below.

If -VEC is active and any set of -CP<3:0> lines are active and
the implied priority of that set is not masked by the PSW, an
interrupt will be taken using a vector address read in from DAL<K7:2>.

Implied
Request Level Implied Vector Other
-CP3 -CP2 -CPl -CPg Other Priority Address Action
X X X X -DMR 8 - DAL<15:8> <-TRI-
STATE>

AI<K7:0> <-LOW-
CURRENT PULLUPS

X X X X -HLT 8 - - (SP) <- PS
-(SP) <~ PC
PS <- 3490
PC <-START ADDRESS

+ 4

X X X X -PF 7 24

L L L L 7 140*

L L L H 7 144*

L L H L 7 150*

L L H H 7 154*

L H L L 6 100*

L H L H 6 104*

L H H L 6 110*

L H H H 6 114*

H L L L 5 129*

H L L H 5 124*

H L H L 5 130*

H L H H 5 134*

H H L L 4 60*

H H L H 4 64%*

H H H L 4 T0*

H H H H NO ACTION

*NOTE: if interrupt was accompanied by -VEC, Vector Address <7:2> is
determined by DAL <7:2>.

Rev B
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2.2 System Modes

The system is configured into specific operating modes at
power-up and during a RESET instruction. This is accomplished by the
T-11 automatically reading in specific bits of the DAL while it is
asserting -BCLR. This -BCLR signal can be used to enable TRI-STATE
drivers external to the T-11 that in turn will assert specific bits of
the DAL to set the operating mode desired. (NOTE: Since low current
pull-ups internal to the T-11 (DAL<K15:8>,<2:8>) are enabled on thel
DAL inputs during -BCLR, only those bits that must be driven low need
to be asserted.) The different modes are defined below. MR refers to
the mode register that exists internally in the T-11. There is a
one-to-one bit mapping of the MR bits and the DAL (i.e., DAL#8=MROS,
DAL@A9=MR@#9, etc.).

2.2.1 Mode Register Bit Designation

Summary:

15 14 13 12 11 19 9 8 7 6 5 4 3 2 1 2

\ / | | | | | I |
Restart | | | | \ NORM | \ PMC
Addresses | I | | b

I 1 |\ DYNAMIC \ LMC I
| | |

| | \ MD64K

| |

| \ MD16

|

\ TESTER

Mode register details will be described in detail in the following
sections.

Rev B
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2.2.2

Static

Dynamic

NOTE

NOTE

NOTE

NOTE

MR1l1l

MR19

MR9

MR8

(i< I cm ol comon

oo

Bus Modes

MR11 MR14 MR9 MR8 Address Mode Data Bus

H H H H STATIC 8 BITS NOTE 1
H H H L STATIC 8 BITS NOTE 2
L H H H STATIC 16 BITS NOTE 3
L H H L STATIC 16 BITS NOTE 4
H H L H 4/16K DYNAMIC 8 BITS NOTE 1
H H L L 4/16K DYNAMIC 8 BITS NOTE 2
L H L H 4/16K DYNAMIC 16 BITS NOTE 3
L H L L 4/16K DYNAMIC 16 BITS -~ NOTE 4
H L L H 64K DYNAMIC 8 BITS NOTE 1
H L L L 64K DYNAMIC 8 BITS NOTE 2
L L L H 64K DYNAMIC 16 BITS NOTE 3
L L L L 64K DYNAMIC 16 BITS NOTE 4

Delayed -RD and -WT control signals. These signals
become wvalid after the assertion of -RAS, This mode
makes the T-11 bus a proper subset of the 8685 bus.

-RD and -WT control signals are stable before the leading
edge of -RAS.

Delayed R/-WLB and R/-WHB control signals. These signals
become valid after the assertion of -RAS.

R/-WLB and R/-WHB control signals are stable before the
leading edge of -RAS.

MD1l6
8 bit data bus
16 bit data bus

MD64K
4/16K dynamic memory support
64K dynamic memory support

DYNAMIC
Static addressing
Dynamic addressing

NORM
Delayed Read/Write control signals
Normal Read/Write control signals
Rev B
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2.2.3 Tester Mode

MR12 = TESTER (reserved for DEC testing use-not a user
feature)

H Normal

L A special cycle preceeds every instruction fetch.
The cycle appears as a WRITE bus cycle. The address
of the WRITE will be 8, PS<7:0>. 1In 8 bit modes the
address of the write will be @, PS<7:8>, for the low
byte and 8, PS<7:0> with the low bit forced to a l
for the high byte. The Data of the WRITE will be the
contents of the PDP-11 destination register of the
last instruction.

2.2.4 Bus Length Mode

MRl = LMC (Long Micro Cycle)

H Normal Micro cycle

L Long Micro cycle - Every microcycle is increased by one
phase (@7.5MHz = 133 ns). This can
provide synchronization of COUT to
the I/0 cycles (if PMC mode = H).

2.2.5 Restart Modes

The START Address 1is used at power-up. The RESTART
Address 1is used for the hardware HALT interrupt and during the
execution of a PDP-11 HALT instruction.

MR15 MR14 MR13 RESTART Address START Address
H H H 172004 172000
H H L 173004 173000
H L H 0000064 300000
H L L 9100064 910000
L H H 020004 020000
L H L 040004 040000
L L H 100004 1000090
L L L 140004 140000

2.2.6 Clock Modes

MRO = PMC (Processor Mode Clock)

H Clock asserted once every microinstruction (3 or 4
oscillator periods) '
L Clock out constant frequency (two oscillator periods)
Rev B
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2.2.7 Signal Utilization for Each Bus Mode

8 BIT 16 BIT
Chip Pin
Out Name Static Dynamic¥* Static Dynamic* Dynamic
4K/16K 64K 4K/16K 64K All Modes|
vCC vcc vcc vccC vccC vCcC vcc
GND GND GND GND GND GND GND
BGND BGND BGND BGND BGND BGND BGND
PUP PUP PUP PUP PUP PUP PUP
XTL1 XTL1 XTL1 XTL1 XTL1 XTL1 XTL1
XTL@ XTLO XTLO XTL® XTLO XTLO XTLO
coutT couT couT couT couT cout cout
-BCLR -BCLR -BCLR -BCLR -BCLR -BCLR -BCLR
-RAS -RAS -RAS -RAS -RAS -RAS -RAS
-CAS -CAS -CAS -CAS -CAS -CAS -CAS
PI PI PI PI PI PI PI
R/-WHB -RD -RD -RD R/-WHB R/-WHB R/-WHB
R/-WLB -WT -WT -WT R/-WLB R/-WLB R/-WLB
SEL® FET+DMG REF+DMG FET+DMG FET+DMG REF+DMG FET+DMG
SEL1 IAK+DMG IAK+DMG IAK+DMG IAK+DMG IAK+DMG IAK+DMG
READY READY READY READY READY READY READY
DAL<15:13> SAL<K15:13> SAL<15:13> SAL<K15:13> DAL<K15:13> DAL<K15:13> DAL<K15:13>
(8) (9) (2) (8) (2) (3)
DALK12> SALK12> SALK12> SAL<12> DALK12> DALK12> DALK12>
(-VEC) (-VEC) (-VEC) (-VEC) (-VECQ) (-VEC)
DALK11> SALK<11> SALK11> SALL11> DALK11> DAL<11> DALK11>
(=CP<8>) (-CP<@>) (-CP<@>) (-CP<@>) (-CP<@>) (-CP<B>)
DALL16> SALK13> SAL<18> SALK16> DALK18> DALK16> DALK18>
(=CP<1>) (=CP<L1>) (-CP<1>) (-CP<1>) (-CP<1>) (-CP<1>)
DAL<9> SALK9> SAL<9> SALK9> DAL<K9> DALK9> DALK9>
(-CP<2>) (-CP<L2>) (-CP<2>) (-CP<2>) (-CP<2>) (-CP<2>)
DALKS8> SAL<K8> SALL8> SALL8> DALKL8> DAL<K8> DAL<Z8>
(-CP<3>) (=CP<L3>) (-CP<3>) (-CP<3>) (-CP<3>) (-CP<3>)
DALK7:2> SALKL7:2> SALL7:2> SALL7:2> DALK7:2> DALK7:2> DALL7:2>
(VECTOR (VECTOR (VECTOR (VECTOR (VECTOR (VECTOR
INPUT) INPUT) INPUT) INPUT) INPUT) INPUT)
AL<L1:8> SAL<1:8> SALK1:86> SAL<1:8> DALK1:8> DALKL1:8> DALK1:8>
AILB> -DMR FET:Al4-DMR Al5:A14-DMR ~DMR +FET:A14-DMR Al15:A14-DMR -7 MSB
AIL1> -CP3 Al:A2-CP3 Al:A2-CP3 -CP3 Al:A2-CP3 Al:A2-CP3 -0 LSB
AIL2> -CP2 A3:A4-CP2 A3:A4-CP2 -CP2 A3:24-CP2 A3:A4-CP2 -1
AIL3> -CP1 A5:26~-CP1 A5:A6-CP1 -CP1l A5:A6-CP1 A5:A6-CP1 -2
AI<4> -CP#@ A7:A8-CP@ A7:A8-CP@ -CP@ A7:A8-CP@ A7:A8-CP@ -3
AIL5> -VEC A9:A10-VEC A9:Al18-VEC -VEC A9:A10-VEC A9:Al16-VEC -4
AI<L6> -PF All:AQ@-PF All:AQ-PF -PF All:A12-PF All:Al12-PF -5 |
AIL7> -HLT Al13:A12-HLT Al13:A12-HLT -HLT Al13:A14-HLT A13:A14-HLT -6 |
NOTES
- means asserted low

Al:A2-CP# means: Address bit 1 at -RAS leading edge,
Address bit 2 at -CAS leading edge,

-CP@ input during PI.
Names in ( ) are valid during IACK cycle
*In dynamic mode at refresh time the AI are the output of an 8 bit counter

+Fetch cycle if not doing a refresh cycle.
Rev E
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2.3 External Signals

~

2.3.1 VCC

+5 volt supply (+/- 5%).

2.3.2 GND

Reference ground for most of chip

2.3.3 BGND : |

Second ground pin. It is recommended that BGND be connected to ground |
by a separate ground run from the GND pin. |

2.3.4 PUP (Input) |
Power Up

This schmitt-triggered input has a low-current internal pull-down that
is always enabled. When PUP is high, the T-11 internal cycles are
forced to an initial condition with undefined register states, with
-BCLR asserted, and with low-current pullups on AI<K7:0> and those DAL
lines used for Mode Register inputs. When T-11 detects a low voltage
on PUP, a power-up sequence begins, which:

starts the internal clock

loads the Mode Register for several microcycles from DAL;

negates -BCLR (returns to high); '

performs (if Dynamic Mode) several refresh cycles;

loads PC with Mode-selected Start Address;

loads PSW with 340;

loads SP with 376;

checks DMR and HALT inputs (others masked by PSW) with an ASPI* |
begins normal operation.

Connecting a capacitor between PUP and VCC can give a simple powerup
detector circuit.

*See note on ASPI under 2.3.14. ‘ |

2.3.5 XTL1l (Input) |
Crystal In/External Oscillator In 1

Crystal connection to the internal clock oscillator. With a crystal/
capacitor network connected to XTL1 and XTL#, T-11 implements a
crystal oscillator to generate the operating clock. Alternatively,
the user may ground XTL@#, and apply an external operating clock (atl
TTL levels) to XTL1. |
Rev B
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2.3.6 XTL@ (Output/Input)
Crystal Out

Crystal connection to the internal clock oscillator. This pin must be
grounded if an external clock is to drive XTLI. See XTLl.

2.3.7 COUT (Output)
Clock Out

This pin outputs a TTL level clock that is a function of the operating
clock and Mode Register bit @ (MRS). If MR#A=1, then a clock is
asserted every 3 or 4 oscillator periods. If MRA=8, then a clock is
asserted that is half the frequency of the operating clock frequency.
A high level on PUP initializes MR@=1l.

Bus Clear

This signal is asserted low by the T-11 during power-up (see PUP) and
also in execution of a PDP-11 RESET instruction. (Note: this pin
must be connected to GND through a 1K ohm + 1% metal film resistor at
all times, to ensure correct T-11 operation.) An internal pull down
in the T-11 will sink 6.3 to 1.6 mA (see IILP section 3.2), thus -BCLR
is a strobe which should enable user Mode pulldowns on DAL<15:8,2:8>.
The normal high output level will be lower on this pin than on any
other pin. However, it will always be at least 3V. Mode bit input
begins several microcycles after -BCLR is asserted and PUP is low, and
continues until microcode returns -BCLR to a high.

2.3.9 =-RAS (Output)
Row Address Strobe

The row address strobe used by dynamic memories. It can be used to
latch the address on the DAL bus for ROMs, static RAMs and 8885 type
peripheral chips. It can also be used to latch refresh information
when the refresh output flag is selected.

This signal remains active (i.e., emulates I/O bus timing every two
machine cycles) when DMG (SEL<1:8>=3) is asserted.

2.3.18 -CAS (Output)
Column Address Strobe

The column address strobe used by dynamic RAMs. -CAS can also be used
as a critical signal for peripheral chips that need 1long address
set-up times relative to the leading edge of the control signal (e.g.,
M68XX type parts), or long address and data hold times relative to the
trailing edge of the control signal (e.g., 26580 type parts). The
leading edge can also be used to clock interrupt 1lines to insure
theyare stable during PI.

Rev C
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This signal remains active (i.e., emulates I/0O bus timing every two
machine cycles) when DMG (SEL<1:8>=3) is asserted.

2.3.11 PI (Output)
Priority In Strobe

This signal is asserted when the T-11 is executing an I/O cycle, has
given up the bus for a DMA cycle, or is monitoring for interrupts.
During a Write operation, the data on the DAL lines are stable when PI
is asserted. Since the AI internal drivers are off whenever PI is
asserted, PI can be used to gate -HALT, -PF, -VEC, -DMR and the
-CP<3:8> signals onto the AI lines.

A -CAS signal always accompanies PI, thereby providing an early
indication of the interrupt/DMA input operation.

2.3.12 R/-WHB (Output)

NOTE: Since the R/-WHB and -RD signals use the same pin, the signal
enabled depends on whether 16-bit or 8-bit mode has been selected.

R/-WHB (16 bit mode)
Read/Write High Byte

In 16-bit modes this signal indicates whether the current I/0 cycle
is a read from or a write to the high byte of the 1location
addressed. In normal control mode, R/-WHB 1is stable before the
leading edge of -RAS. In delayed control mode, R/-WHB is issued by
the T-11 after the assertion of -RAS.

-RD (8 bit mode)
Read

In 8-bit modes this signal indicates that the current I/O cycle is
an eight bit read from the location addressed. In normal control
mode, -RD is stable before the leading edge of -RAS. In delayed
control mode, -RD is issued by the T-11 after the assertion of -RAS
(this corresponds to the 8¢85 timing relationship between ALE and
-RD). R/-WHB pin has an internal low-current pullup during DMG.

2.3.13 R/-WLB (Output)

NOTE: Since R/-WLB and -WT signals use the same pin, the signal
enabled depends on whether 16-bit or 8-bit mode has been selected.

Rev C
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R/-WLB (16 bit mode)
Read/Write Low Byte

In 16-bit modes this signal indicates whether the current I/0 cycle
is a read from or a write to the low byte of the location addressed.
In normal control mode, R/-WLB is stable before the leading edge of
-RAS. In delayed control mode, R/-WLB is issued by the T-11 after
the assertion of -RAS.

-WT (8 bit mode)
Write

In 8-bit modes this signal indicates that the current I/0 cycle is
an eight bit write to the 1location addressed. In normal control
mode, -WT is stable before the 1leading edge of -RAS. In delayed
control mode, -WT is issued by the T-11 after the assertion of -RAS
(this corresponds to the 8685 timing relationship between ALE and
-WT). The R/-WLB pin has an internal low-current pullup during DMG.

d Jc J¢ & Je J & J J e Je ke d do g de ke d Je de Je de de g Jo de de do de K d de dede dede K de ke dek ko kdkkkkkk
*NOTE: A DATA OUT Cycle to a 1location is*
*preceeded by a DATA IN to the same location*

* (except for stack operations). A DMG can not be¥*
*issued in the interval between DATA IN and DATA¥*

*OUT. *
kkhkkhkkhkhkhkhhkhhhhkhhhkdhhhkhhhkhkhhhkkhhhhhkkhhkkkhhkhkkkhkhk

2.3.14 SEL<K1:8> (Output)
Select Output Flags

This signal pair is used to select special output functions. The
functions are defined as follows:

SEL<1> SEL<@> FUNCTION
L L Read/Write or Bus NOP or ASPI
L H REFRESH** /FETCH*
H L IACK - Interrupt acknowledge¥***
H H DMG - Direct Memory Grant****

*See discussion of FETCH in AI section.
**Refresh in dynamic modes (except 64K), Fetch for static modes (plus

64K) .
***See discussion of IACK under INTERRUPT in the AI section.
****See discussion of DMG under -DMR in the AI section. »

The SEL<1:8> are stable before the leading edge of -RAS. (NOTE: If
DMA is not implemented in the external hardware, SEL<1:6> may be used

as direct strobes.)

It is sufficient for a DMG decode to monitor for a SEL<K1:8> = 3 decode

without using the leading edge of -RAS.
Rev C
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REFRESH }

In 8-bit dynamic mode, a refresh occurs after each instruction fetch |
and once with each source or destination mode 5, 6 or 7 operand fetch.
Two additional refreshes occur during any trap sequence. |

In 16-bit dynamic mode, refreshes happen at half the frequency of the
8-bit mode refreshes (i.e. every other opportunity, opportunities
defined in 8 bit mode). This buried refresh scheme gives a worst case
specification of 128 refreshes in 1.33 ms. @7.5MHz operating
frequency. This allows #.66 ms out of every 2 ms for DMA cycles and
I/0 transaction extensions (READY slips or LMC; 1long micro cycle
mode). See APPENDIX D.

ASPI

An ASPI occurs to check for DMR and HALT inputs before the first |
instruction fetch and to check for interrupts as well as DMR and HALT
during the WAIT instruction. During an ASPI only -CAS and PI are|
asserted (~-RAS remains unasserted).

BUS NOP

A bus NOP occurs whenever the processor requires an internal operation]
and no other activity can occur on the bus (i.e. no READ/WRITE, |
REFRESH, ASPI, IACK, or DMG). |

2.3.15 READY (Input) ' [

This signal places the T-11 into an idle state waiting for the device
that issued the READY to finish the I/0 transaction. This signal
allows memory or I/0 devices of any speed to be synchronized to the
T-11. READY slips can occur while -RAS 1is active except duringf
Refresh cycles (i.e. DATA IN, DATA OUT, IACK, and during DMG). Al
single assertion of READY causes a single machine cycle slip.

READY must be pulsed in order to cause additional cycle slips. As a
special case, an extra machine cycle (46fns min) of idle time can be
guaranteed by simply gating -RAS with the external device's Chip
Select signal onto the READY line. 1If the READY line is connected to
GND, this single cycle slip will occur during every I/0 or IACK cycle.
READY is always internally connected to a low current pullup.

Rev E
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2.3.16 DALK15:8> (Input/Output TRI-STATE)
Data and Address Lines
SAL<K15:8> (Input/Output TRI-STATE)
Static Address Lines during 8 Bit Mode

Time multiplexed data and address bus. Addresses are stable before
the leading edge of -RAS. 1Input data should be available before the
trailing edge of -CAS. 1In 8-bit mode, the high byte of the address is
static throughout the I/0 cycle.

During power-up or the execution of a RESET instruction the MODE
register bits are read in from these lines. Low current internal
pull-ups on DAL <15:8> are enabled when -BCLR is asserted.

During an interrupt cycle, the priority level of the interrupt is
output on DALK12:8>. (DALK12> = -VEC, DALK1ll> = -CP<@>, DALK1A> =
-CP<1>, DALK9> = -CP <2>, DAL <8> = =CP <3>.)

At all other times (i.e. ASPI, BUS NOP, REFRESH, byte not addressed
during Write/byte operation with ready slips) indeterminate data is|
output on DALs.

TRI-STATED when DMG (SEL<K1:8>=3) is asserted.

2.3.17 DALK7:0> (Input/Output)
Data and Address Lines

Time multiplexed data and address bus. Addresses are stable before
the leading edge of -RAS. Input data should be available before the
trailing edge of -CAS.

During external vector IACK cycles (SEL<1:8>=2 and assertion of

-VEC), DALK7:8> are tristated to read a vector address from DAL<7:2>
(NOTE: Data on DALK1:8> is ignored). DALK7:8> are tristated also
during internal vector IACK cycles.

During power-up or the execution of a RESET instruction the MODE
register bits are read in from these 1lines. Low current internal
pull-ups are enabled on DAL <2:0> when -BCLR is asserted.

At all other times (i.e. ASPI, BUS NOP, REFRESH, byte not addressed
during Write/byte operation with Ready Slips) indeterminate data is]|
output on DALs.

TRI-STATED when DMG (SEL<K1:8>=3) is asserted.

Rev E
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2.3.18 AIL7:8>

Address

-ADDRESS (

INTERRUPT

(Input/Output)
and Interrupt

Output)
(Dynamic Mode)

Dynamic RAM address bus and interrupt information bus.
In dynamic modes, row addresses are stable before the
leading edge of -RAS, column addresses before the
leading edge of -CAS and interrupt information is read
in during PI time. The addresses available at -RAS and
-CAS times duplicate the address on the DAL, and are in
a format controlled by the mode bits in the MODE
register. 4K, 16K and 64K dynamic RAMs can be
accommodated as well as the different address bit
mappings required for 8 or 16 bit data busses. In
static modes, these 1lines are always connected as
inputs.

During refresh in all dynamic modes, the refresh |
address 8 bit counter is provided on the AI Lines. The |
refresh counter is decremented after each refresh.

AI BIT Refresh Counter Bit
8 7 MSB |
1 g LSB ,
2 1
3 2
4 3
5 4
6 5
7 6

In all modes, these pins provide internal low current
pullup when DMG (SEL<K1:8>=3) is asserted.

(Input)

-CP<3:0> (Input)
Coded Priority

During the assertion of PI (except during 'DATA OUT
transactions), T-1l1 reads these signals from AI<K4:1>.
Logic internal to the T-11 decodes this input as
interrupt requests on 15 levels, maskable at 4 levels
(using PSW<K7:5>; the highest requesting level, if not
masked, will be recognized and a PDP-11 trap sequence
executed. For CP interrupts only (both internal and
external), recognition of an interrupt is acknowledged
on the bus with an IACK cycle (where SEL<1:8>=2 and the
recognized input (~-VEC, -CP<@:3> is asserted by T-11 on
DAL <12:8>).

Rev E
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-VEC (Input)
Vector

During the assertion of PI (except during DATA OUT
transactions), T-11 reads this signal from AI<K5>, but
it has meaning only if a CP request is also present on
AI. -VEC can be used to increase the number of T-11
interrupts, because it signals the processor to ignore
the vector indicated by CP<3:8> and use instead the
vector to be provided by the user. During the IACK
cycle, in this case, the user-provided vector address
data is read by T-11 from DAL<K7:2>. -VEC is
acknowledged by T-11 asserting DAL <12> low during the
IACK cycle.

-PF (Input)
Power Fail Interrupt Request

During the assertion of PI (except during DATA OUT
transactions), T-11 reads this signal from AI<6>. =PF
is the highest priority interrupt on Level 7. The
input circuit requires no data setup time because
internal logic samples -PF, then pauses for a time (up
to one instruction) before recognizing a request.
Also, a request must be read as negated once, before
another assertion will be recognized. This set of
logic makes -PF appropriate for a power-fail interrupt,
especially since -PF results in an interrupt with the
PDP-11 powerfail vector (248).

Note: AN IACK cycle is not issued. |

-HALT (Input)
Halt Interrupt Request

During the assertion of PI (except during DATA OUTI
transactions), T-11 reads this signal from AI<K7>. Thef
-Halt input circuit is pseudo-edge-sensitive, since the
signal must be read as a negation before an assertion
reading will have any effect. =-Halt is an unmaskable
interrupt. It causes an immediate transfer (after
stacking PC, PSW), with PSW=340, to the RESTART address
(see Restart Modes).

Note: An IACK cycle is not issued |

Rev B
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-DMR (Input)
DMA Request

During the assertion of any PI, T-11 reads this signal
from AI<KS>. If the T-11 reads -DMR asserted, it will
(upon termination of the current bus cycle except the
DATA IN preceeding a DATA OUT) free the bus for DMA,
signifying this state with SEL<K1:86>=3. The T-1l1
TRI-STATES DAL<K15:8> and places low-current pullups on
AI<7:8> and the R/-WHB and R/-WLB pins. The T-11
remains somewhat in control of bus timing: -~RAS, -CAS,
and PI pulse; signalling of AI address changeover time
is by the trailing edge of COUT (if COUT is in Pulse
Mode) ;

- DMG remains asserted as long as the device
keeps AI<@> asserted during PI.

FETCH (Output)

This signal 1is issued by the T-11 on AI<K#> when in
dynamic mode (except 64K), and by SEL<1:8>=1 in static |
mode or 64K mode. It signifies that the current I/0
operation is an instruction fetch*. FETCH on AIKB> is}
valid before the leading edge of -RAS and stops driving
before the leading edge of PI. When SEL<@#> signifies
fetch, it is asserted only during the read cycle (In 8
bit mode only during the low byte read cycle).

*CAUTION: During Refresh, the AI lines have the refresh counter |
address on them. |

Rev E
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2.3.19 Sample Signal Equivalency for Specific Manufacturer's Chip

Manuf.

MOSTEK

INTEL

MOTOROLA

Families

Family
MK4027-3/4

MK4116-2/3

8485
(e.g.,
8155,
8355,
8755)

80840
(e.g.,
8251,
8253,
8255,
8279)

68X00

(e.g.,
68X21,
68X580)

Applicable Manufact.
T-11] Modes Family
(See Note 1) Signals
4K DYNAMIC A<5:0>
8 or 16 BIT -CS
REFRESH ON -RAS
-CAS
-WRITE
DIN
DOUT
16K DYNAMIC A<6:8>
8 or 16 BIT -RAS
REFRESH ON -CAS
-WRITE
DIN
DouT
STATIC A<15:8>
DELAYED AD<K7:8>
CONTROL ALE
8-BIT -RD
-WT
RESET
I0/M
READY
STATIC A<15:8>
DELAYED A<L7:90>
CONTROL D<7:8>
8-BIT -RD
-WT
RESET
WAIT
STATIC A<15:8>
NORMAL A<LT7:8>
CONTROL D<7:8>
8-BIT ENABLE
R/W
-RESET
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Equivalent
T-11
Signals

AI<6:1>
AI<6>

-RAS

-CAS

R/-W AND PI
-WT AND PI
DAL<n>
DAL<n>

AI<7:1>

-RAS

-CAS

-R/W NAND PI
-RD NAND PI
DAL<n>
DAL<n>

SAL<15:8>
DALK7:0>
-RAS

-RD

-WT
-BCLR

-READY

SAL<15:8>
DAL<K7:0>
DALK7:8>
-RD

-WT
-BCLR
READY

SAL<15:8>
DALK7:8>
DAL<L7:8>
-CAS

-WT
-BCLR

Notes
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NOTES:

1a.

The applicable mode listed for each particular family is only
meant to be a guideline for minimum hardware systems. It does
not mean to imply that chips from a particular family can only
be used in the mode listed for it. For example, 8088, 8685 or
68X008 peripheral chips can be used in any of the dynamic modes
with an overhead of only a few extra gates.

AI<6> can be used as Chip Select only if there are less than 2
banks of 4K RAM in the system. In systems with more than 2
banks, the user will have to use decoding logic to generate the
Chip Select signals. Also AI<6> must be gated with the REFRESH
signal to properly refresh the MK4@27s.

To synthesize the -WRITE signal in 16-bit mode, the user must
logically NAND the two T-11 signals: PI and an inverted R/-WLB
(and/or R/-WHB depending on which byte(s) are being written).

To synthesize the -WRITE signal in 8-bit mode, the user must
logically NAND the two T-11 signals: PI and =-RD.

Since the MK4027-3/4 has latched outputs, the user must use
TRI-STATE buffers in interfacing these RAM outputs to the T-11
Data Bus.

An inverter must be used on the T-11 output to make these
signals logically equivalent.

The 808X signal is level sensitive and causes the 888X to slip
clock cycles. The T-11 signal is edge sensitive and causes the
T-11 to slip machine cycles.

An address low byte that is stable throughout the I/0 cycle is
generated by using a transparent octal latch which is clocked
by the assertion of -RAS.

To insure timing compatibility for some of the chips in this
family, the length of time this T-11 signal is asserted must be
increased by either asserting the -READY line or by operating
the T-11 at a slower frequency.

When asserted, this signal must be inverted to be an active
input into the T-11.

COMPANY CONFIDENTIAL
Page 19



2.4

Pinout

DAL15
DAL1l4
DAL13
DAL12
DAL1ll
DAL1#9
DALY
BGND
DALS
DAL7
DAL6
DALS
DAL4
DAL3
DAL2
DAL1
DAL®
-BCLR
PUP

GND

<===>]
|
<=-==>
|
<===>|
|
{===>]
|
<===>
|
<===>]
|
<===>|
I
——==>]
|
<—-->=
<===>]
|
<===>]
I
{===>|
|
<-==>]
|
<===>
|
<===>|
|
<===>]
|
{===>]
|
{mm==]
|
——=>]
|
——=>]
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O O 9 & wnm

10 T-11
11 CHIP
12
13
14
15
16
17
18
19

20

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22

21

Page 29

| {==mm
l

| <===>
|

| <===>
I

| <===>
I

| K===>
I

| <===>
I

| <===>
|

| <===>
I

| <===>
l

| ====>
I

| ====>
I

| ====>
"

| ====>
I

| ====>
I

| {=mmm
I
|-===>
|

| ===->
I

| <===>
I

| <==mm
I

| —===>

vCcC
Al7
Al6
AIS
AI4
AI3
AI2
AIl
AIQ

PI
-CAS
-RAS
R/-WLB
R/-WHB
READY
SEL@
SEL1
XTLO
XTL1

couTt
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2.5 T-11 Block Diagram

INSERT DIAGRAM
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2.6

Addressing Modes

*Note:

Instruction Set

SopP
CLR(B) ROR (B)
COM(B) ROL (B)
INC(B) ASR(B)
DEC (B) ASL (B)
NEG (B) SWAB
ADC (B) SXT
SBC(B) MTPS
TST (B) MFPS

Mode

NondewhhrHS

Name

DOP

MOV (B)
CMP (B)
BIT(B)
BIC(B)
BIS(B)
ADD
SuB
XOR

REGISTER

REGISTER DEFERRED
AUTO-INCREMENT

PC MOD

B (XX) EMT

SOB TRAP
JMP BPT

JSR IOoT

RTS

RTI

RTT

AUTO-INCREMENT DEFERRED

AUTO-DECREMENT

AUTO-DECREMENT DEFERRED

INDEX
INDEX

DEFERRED

T-11 processor code is 4.
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MISC

S(CC)
C(CC)
HALT
WAIT
RESET
NOP
MFPT*
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3.0 D.C. CHARACTERISTICS

3.1 Absolute Maximum Ratings
Pin voltages -9.5 to +7V
Operating Junction Temperature Range g to 100 degrees C
Storage Temperature Range -55 to +125 degrees C
Power Dissipation 1.1 watt

Chip Ambient Temperature Operating Range @ to 7@ degrees C
Notes: Stress greater than those listed may cause permanent
damage to the device. Exposure to the absolute maximum rating

conditions for extended periods may affect device reliability.
Currents sourced by the DC318 are indicated by a negative

prefix to the value listed.
3.2 Static Characteristics

(TA =0 C to 76 C, VCC = 5.0V +/- 5%, VSS = @V)

Comments &

Symbol Parameter/Pins Min Max Units Conditions
IIL (Low Input) Tri-State -50 uA VIN = 8.4V
Leakage Current on
DALK@:15>
IIL (High Input) Tri-State +10 ulA VIN = VCCMAX
Leakage Current on
DALK@:15>
IIH (MIN) Input Current for -g.1 mA VIN = 8.4V

Internal Pullups on
AI<@:7>, DALK#:2,7:15>,

READY

IIH (MAX) Input Current for -9.1 mA VIN = 6.4V
Internal Pullups on
AI<#:7>,DALLS.2,7:15>
READY

IXLIH Input High Current on +700 uA 2.4<VINKVCC,
XTALl : X T A L @

Grounded
IXLIL Input Low Current on -6.4 mA -0 .5SV<VINC+0.6%

ITALl XTALO Grounded,

Rev E
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VIH

VIHPUP

VIL

VILPUP

VOH

VOHA

VOHB

VOHC

VOL

CIN

cout

* ~@.5V on input pins allows for ringing on unterminated lines

Patameter/Pins

- e - —————— —— — v—

Power Supply Current
on VCC

Input High Voltage on
READY, DAL,0:15>,
AILB:7>

Input High Voltage on
PUP

Input Low Voltage on
READY, DALK@:15>,
AIB.7>

Input Low Voltage on
PUP

Output High Voltage
for DALK@:15>, cCouT,
PI, SEL1, SEL#®

Output High Voltage
for AIKO:7>

Output High Voltage
for BCLR

Output High Voltage
R/~-WHB

Output Low Voltage for

DAL<K@:I5>, AIKO:7>,
couTt, PI, SELl1l, SEL@

BCLR, RAS, CAS, R/-WHB,

R/-WLB

Input Capacitance for
READY, DAL<K#:15>,
AIL@:7>

Output Capacitance for

'3

Tri-State Load Calculation

on DAL<K@:15>,

AI<@¢:7>,CouUT,PI,SEL1,SELS,

COMPANY CONFIDENTIAL
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Min Max
- 190
2.9 vCccC
2.2 VvCC
-8.5 +0.8
-005* +0a6
2.4
2.6
2.2
2.8
9.0 .4
19
20

pF

pF

commencs «

Conditions

Static,
TA = @ C

IOH

-783 uA

IOH -7006 uA

N

ik TR e TS G AN okt Okt bl Bt WAV D AN RS A o Mol (choom | SWiAs ke kel waiee e

IOH = -700 uA,
Terminated to
VSS (Ground)
with 1 K
percision
Resistor of 1%
accuracy.

e

—

IOH = -700 uA

IOL = 3.2 mA

|
{
l
|
|
|
|
|
|
|
|
|
|
!
|
|
|
l
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4.9 A. C. CHARACTERISTICS

4.1 Bus Timing Annotated for Maximum XTL1, XTL@ Operating Frequency

(TJ = 8 to 188°C, VCC = 5.8V +/-5% VSS = 8.9V)
Comments &

Symbol  Parameter Function of tCYC Conditions
fop XTL1, XTL@ Operating Frequency 7.5 MHZ max
f.1 MHZ min (11)

tAFP Column Address on AI<K7:8>

Float to PI (L.E.) # ns min
tAFS AI<7:0> Float to DMA Select

on SELK®> ? ns min
tAHC Column Address on AI<7:0> Hold

Time from -CAS (L.E.) T - 43 = 90 ns min
tAHR Row Address on AI<7:86> Hold

Time from -RAS (L.E.) T - 60 = 73 ns min
tAsC Column Address on AI<7:8> Set

Up Time to -CAS (L.E.) 20 ns min
tASR Row Address on AI<7:8> Set Up

Time to -RAS (L.E.) T - 83 = 50 ns min
tBCR T-11 -BCLR Pulse Width on

a Reset instruction (84T) ns min
tBMR -BCLR Set Up Time to Mode Bits

on DAL<K15.0> Valid Following

a RESET Instruction (74T) ns max
tCAS -CAS Pulse Width (3T - 99) = 319 ns min (4)
tCDE -CAS (T.E.) or Delayed Mode

R/W (T.E.) to next DAL <15:0>

Address Enable T - 18 = 115 ns min
tCPR -CAS Precharge Time (3T - 5) = 395 ns min
tCRD -CAS_(L.E.) or Delayed Mode

R/W (L.E.) to Read Data

valid - (3T - 188) = 220 ns max (4)

Rev E
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tCsp

tCSR
tCwWD
tCycC
tDFB
tDFC
tDFS

tDHN

tDHR
tDRD

tDSC

tDSE
tDSP
tDSR
tFFR

tFRP

tFSP

-CAS_(L.E.) or Delayed Mode
R/W (L.E.) Set Up Time to
PI (L.E.)

-CAS (L.E.) Set Up Time to

-CAS_(L.E.) or Delayed Mode
R/W (L.E.) to Write Data
Valid

XTL1, XTL@ Operating Period

DALK15:9>Float from -BCLR (L.E.)

DALK15:0> Address Float to
-CAS (L.E.) or Delayed Mode
R/W (L.E.)

DAL<K15:8> Float to DMA Select
on SEL<8> (L.E.)

DALK15:8> Address Hold Time
from Normal Mode Control
Strobe (L.E.)

DALK15:8> Address Hold Time

DAL<15:8> Address Set Up Time
to Read Data Valid

DALK15:8> Address Set Up Time
to -CAS_(L.E.) or Delayed
Mode R/W (L.E.)

DALK15:8> Enable from DMA
Select on SEL<K1> (T.E.)

DAL<K15:8> Address Set Up Time
to PI (L.E.)

DALK15:9> Address or DALK15:8>
IACK information Set Up Time
to -RAS (L.E.)

Refresh or Fetch on SEL#(L.E.), Set Up

Refresh -RAS Pulse Width

Refresh Select on SELK@>
Pulse Width

[}

(T - 28)
(3T - 49)
T

(2T - 20)
(T - 12)
(ST - 157)
(2T - 22)
(T - 27)
(3T - 20)
(T - 48)
(T - 23)
(2T + 35)
(4T - 29)
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105
360
89

133

150

247
121

510

245
106
3849

85

110
382

513

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

min

min

max

min

max

min

min

min

min

max

min

min

min

min

min

min
Rev E
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tIHP

tISP

tKDS

tKHS

tKKR

tKRD

tKRP

tKSD

tKSP

tLPO

tMHB

tMOC

tMOR

tMPO

tMRC

tMRO

Interrupt or DMA Input on AI<K7:08>

Hold Time from PI (T.E.)

PI (L.E.) to Interrupt or
DMA Input on AIK7:8> Valid

Vector Data on DALK7:2> Hold
Time from IACK Select on
SELK1> (T.E.)

IACK Information on DAL<K15:8>
Hold Time from IACK Select
on SELK1> (T.E.)

IACK on SEL1 (L.E.) Set Up

IACK -RAS (L.E.) to Vector
Data on DALK7:8> Vvalid

IACK -RAS Pulse Width

(2T - 167) = 1080

2
(T - 50) = 83
(T - 63) = 70

(2T - 148) = 119

(2T + 35) = 302

IACK Select on SELK1> (L.E.) to

Vector Data on DALK7:2>
Valid

IACK Select on SELK1> Pulse
Width

DMA or Long Micro Cycle PI

(3T - 155) = 245

(3T - 66) = 334

(L.E.) Set up time to Constant

Mode COUT (T.E.)

Mode Input on DALK15:8> Hold
Time From -BCLR (T.E.)

ASPI or DMA Pulse Mode COUT
(T.E.) Set up Time to -CAS
(L.E.)

Read/Write or DMA Pulse Mode
CouT (L.E.) Set Up Time to

DMA or Long Micreo Cycle PI
(L.E.) Set Up Time to Pulse
Mode COUT (L.E.)

DMA Select -RAS (L.E.) Set Up
Time to -CAS (L.E.)

Read/Write or DMA Pulse Mode
COUT (T.E.) Hold Time from
-RAS (L.E.)

(T - 84) = 49
2
(T + 19) = 143
)

(2T - 84) = 183

(2T + 1@) = 277

(T - 51) 82
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ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

min

max

min

min

min

max

min

max

min

min

min

min

min

min

min

min
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tMRP

tMSF
tMSK
tNHC
tNHP
tNHR

tNMP
tNMR

tNRD
tNSC
ENSP
tNSR

tOPW
tORD

tORT
toscC
tPAE
tPBC

tPBU

DMA Select -RAS Pulse Width (5T + 35) = 762 ns
DMA Select on SEL<K@> Pulse

wWidth (8T - 38) = 1629 ns
DMA Select on SEL<1> Pulse ' :

Wwidth (7T - 68) = 865 ns
Normal Mode R/W Hold Time

from -CAS (T.E.) (T - 32) = 101 ns
Normal Mode R/W Hold Time

from PI (T.E.) (T - 43) = 96 ns
Normal Mode R/W Hold Time

from -RAS (T.E.) (T - 188) = 25 ns
Normal Mode R/W Pulse Width (6T - 66) = 734 ns
Normal Mode R/W Recovery Time @ ns
Normal Mode -RD Strobe Set Up

Time to Read Data Valid (5T - 148) = 519 ns
Normal Mode R/W Set Up Time

to -CAS (L.E.) (2T - 37) = 230 ns
Normal Mode R/W Set Up Time

to PI (L.E.) (3T - 45) = 355 ns
Normal Mode R/W Set Up Time
Pulse Mode COUT Pulse Width (T - 33) = 180 ns
Pulse Mode COUT Recovery

Time when 0D Present (3T - 37) = 367 ns
Pulse Mode COUT Recovery Time (2T - 37) = 238 ns
Pulse Mode COUT (T.E.)

Set Up Time to -CAS (L.E.) 18 ns
PI (T.E.) to next AIL7:0>

Address Enable (T - 40) = 93 ns
T-11 Power Up to -BCLR (L.E.)

Set Up Time 1606 ns

100T = 13333 ns
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min (8)

min(8) (9)

min(8) (9)

~min |

min |

min ]
min (4) |

min
max (4)
min
min

min
min
min

min
min
min
max

min
max
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tPCO

tPFF

tPHC

tPIP

tPMU

tPPR

tPRD

tPSC

tPSN

tPSR

tPUT

tRAS

tRDC

tRDE

tRHC

tRHP

tRHS

tRPR

Power Up (T.E.) to COUT (L.E.) T + 60 ns = 193

Power Up (T.E.) to Beginning of 295T = 39333
First Instruction Fetch

PI Hold Time from -CAS (T.E.)

or Delayed Mode R/W (T.E.) 10
PI Pulse Width (2T - 47) = 220
Power Up (T.E.) to Mode bits
on DALK15:8> valid 74T
PI Precharge Time (4T - 33) = 500

PI (L.E.) to Read Data Vvalid (2T - 176) = 91

PI (L.E.) Set Up Time to
-CAS (T.E.) or Delayed Mode

R/W (T.E.) (2T - 75) = 192
PI (L.E.) Set Up Time to

Normal Mode Control

Strobe (T.E.) (3T - 96) = 3190
PI (L.E.) Set Up Time to

-RAS (T.E.) (2T + 14) = 281
Power Up (L.E.) to Output
Pins Preset 259
-RAS Pulse Width (4T + 35) = 568
Read Data Hold Time from

-CAS (T.E.) or Delayed Mode

R/W (T.E.) )}
-RAS (T.E.) to next DAL<K15:86>

Address Enable (T - 118) = 15
-RAS (T.E.) Hold Time from

-CAS (T.E.) or Delayed Mode

R/W (T.E.) 50
-RAS (T.E.) Hold Time from

PI (T.E.) 19
-RAS (T.E.) Hold Time from

IACK or DMA Select on

SELK1> (T.E.) 45

-RAS Precharge Time (2T - 120) = 147
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ns

ns

315T = 42000 ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

max
min

max

min

min

max
min

max

min

min
min
max
min

min

min

min

min

min

min
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tRRD

tRSC

tRSD

tRSE

tRSP

tRWD

tSFR

tSHF

tSKR

tSPR

tSSF

tSSsS

tuPP

tWDP

tWHC

tWHP

tWHR

-RAS (L.E.) to Read Data

valid (4T - 128) = 405 ns

-CAS (L.E.) or Delayed Mode

R/W (L.E.) (T + 16) = 143 ns
R/W Drivers disabled and Passive

Pull Up Enabled Set Up Time to

DMA Select on SEL<K®> (L.E.) @ ns
R/W Driver Enabled from DMA

Select on SELK1> (T.E.) (T - 27) = 166 ns
-RAS (L.E.) Set Up Time to PI

(L.E.) (2T + 19) = 277 ns
-RAS (L.E.) to Write Data

valid (2T + 4) = 278 ns
DMA on SEL<@#> (L.E.) Set Up

Time to -RAS (L.E.)* (2T - 23) = 243 ns
Refresh or DMA Select on SEL<K@>

(T.E.) Hold Time from -RAS
DMA Select on SELK1> (L.E.)

Set Up Time to -RAS (L.E.) (2T - 63) = 2063 ns
IACK or DMA Select on SELK1>

Recovery Time (T) = 133 ns
Pulse Width on SEL<®> (3T - 38) = 362 ns
During Fetch
SEL<@#> (L.E.) Set Up Time to

SEL<K1> (L.E.) # ns
T-11 Power Up Time 160,000 ns
Write Data Set Up Time to

PI (L.E.) (T - 83) = 50 ns
Write Data or SAL<K15:8> Hold Time

from -CAS (T.E.) or Delayed

Mode R/W (T.E.) (T - 28) = 1065 ns
Write Data Hold Time from PI

(T.E.) (T - 88) = 45 ns
SAL<K15:8>, Write Data, or
IACK Information Hold Time

from -RAS (T.E.) (T - 118) = 15 ns

*On R/W SEL# set up time to RAS is T-23
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max (4)

min

min

min

min

max

min

min

min

min

min

min

min
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twscC Write Data Set Up Time to -CAS

(T.E.) (3T - 1589)
tWSP Write Data Set Up Time to PI
tWSR Write Data Set Up Time to

-RAS (T.E.) (3T - 55)
tYHC READY (L.E.) Hold Time from

COUT (T.E.)
tYPW READY Pulse Width
tYRT READY Recovery Time
tysc READY (L.E.) Delay from -CAS

(L.E.) (2T - 135)
t¥Yso READY (L.E.) Delay from

Pulsed Mode COUT (T.E.) (2T - 127)
tYSR READY (L.E.) Delay from -RAS

(L.E.) (3T - 190)
NOTES:

250 ns min
290 ns min
345 ns min

g ns min
68 ns min
64 ns min
132 ns max
149 ns max
300 ns max

l. Timings are measured at the following output voltages:

-RAS, -CAS, R/-WLB

& R/-WHB VOL = §.8V VOH = 2.4V
AIL7:8> VOL = @.8V VOH = 2.2V
All others VOL = 9.8V VOH = 2.8V
Noise Hazard Timing:
t(0.8V - 8.4V) = 12 ns max
t(2.8V - 2.4V) = 16 ns max
t(2.2V - 2.6V) = 11 ns max
t(2.4v - 2.8V) = 12 ns max

(4)
(4) |
(4)

(6)
(5)
(6)

(5)
(5)

(5)

2. Output timings are measured using a purely capacative load of 89

pf. For loadings other than 89 pf use the following correction

factors:
80pf < CL < 200 pf +#.3 ns/pf
25pf < CL < 8@ pf -0.3 ns/pf

T = 1/fop
L.E. => Leading Edge
T.E. => Trailing Edge

4. Add T ns if in long bus cycle mode, then if RDY slips are

initiated, add H*T ns, where:

T = 1/fop, H = number of RDY pulses times 3 if mode

times 4 if mode = long bus cycle.
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8.

1a.

11.

READY is an edge-triggered input that is usually activated by
asserting a low on its pin. However, READY is internally
activated by the leading edge of -RAS if its pin has been
asserted low before these edges.

These timing parameters apply only to cases where multiple READY

pulses are required, i.e. multiple microcycle slips.
Asserting PUP high will leave all registers, including the
PDP-11 General Purpose Registers (R# thru R7) in an
indeterminate state except for Mode Reg <1> force to normal |
micro cycle.

Add 4T for each Ready pulse.

Add 8T if multiple DMA cycles are granted.

-BCLR may be used to gate mode input during RESET. TDFB may be
violated on DALK15:8,1:8> only.

If external TTL clock is used, teve min is f#Hz (i.e. DC) since
the T-11 is a static part.

Rev E
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4.2 Crystal Specification

Symbol Parameter Min Max Units Conditions
FREQ Frequency g.1 7.5 MHz +/-0.ﬂl%o
B to 78°°C
Mode Fundamental
Spurious Mode To Be Determined
Rs Series Resistance ‘ To Be Determined
Cp Parallel Capacitance To Be Determined
Rev E
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4.3 Timing Diagrams

INSERT TIMING DIAGRAMS
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APPENDIX A

T-11 INSTRUCTION EXECUTION TIMES AT MAXIMUM OPERATING FREQUENCY

The following pages contain charts that give execution times for
all instructions executable by the T-11. The charts are organized
to help those individuals who want to calculate program execution
times. To do such a calculation, first choose your system
configuration and then outline that column in the charts. Use
only those execution times listed in the outlined column. The
possible system configurations are:

l. 16 bit mode--REFRESH on;
2. 16 bit mode--REFRESH off;
3. 8 bit mode--REFRESH on;

4, 8 bit mode--REFRESH off.

Since a REFRESH cycle adds a small increment of time to the
machine cycle, and since in 8 bit mode REFRESH is done every]|
instruction cycle and addressing mode 5, 6, or 7 I/0 and trap (2 |
occurances) it is possible for an instruction to have varyingl
execution times when REFRESH is on. This is why you will find MIN
and MAX execution times for all (in 16 bit mode REFRESH is donel
every other) "REFRESH on" configurations. You can calculatel
program execution times for "REFRESH on" configurations by summing
the average of the MIN and Max execution times. |

The following notes apply to all instruction execution charts:

1. All times are in microseconds.

2. Add @.4 us for every -READY pulse during an 1I/0
transaction.

3. Operating frequency is 7.5 MHz. To calculate instruction
execution times (IET) at different operating frequencies
use the following formula:

IET(fOP) = (7.5 MHz/fOP) * IET(7.5)
Where:

IET(fOP) = Instruction Execution Time for the new
frequency, fOP.

fOP = The operating frequency at which the instruction
execution times are needed.

IET(7.5) = Instruction Execution Times with an operating
frequency of 7.5 MHz. These times are listed
in the following charts.

4., NA => Not Applicable
NOTE: Times calculated using Revision 5.18 Microcode l
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XOR & SINGLE OPERAND INSTRUCTIONS

o w — — — — ——  — — — —— ——— — — ——— ——— —— —— —

- ——— —————— ————— — - ————— - —————————— — —————— — - —— - —————— ———— ————— ———————— — ——

| | 16 BIT MODE | 8 BIT MODE
| R e e | =~ e
| | REFRESH ON | | REFRESH ON | REFRESH OFF
|DEST | =-====——m———— |[REFR |==== e e e
INSTRUCTIONS |MODE] | | OFF | |
| I | | | WORD | BYTE | WORD | BYTE
I | MIN | MAX | | INSTR | INSTR | INSTR| INSTR]|
==============l===='=====|======l=====|============'============|======|======
I | | | ! | [ I
CLR(B) ,CcOM(B),l @ | 1.6 | 1.73 | 1.6 | 2.53 | 2.53 | 2.4 | 2.4 |
INC(B) ,DEC(B),| 1 | 2.8 | 2.93 | 2.8 | 5.33 l 3.73 | 5.2 | 3.6 |
NEG(B) ,ROR(B),| 2 | 2.8 | 2.93 | 2.8 | 5.33 l 3.73 | 5.2 | 3.6 |
ROL(B) ,ASR(B),| 3 | 3.6 | 3.73 | 3.6 | 6.93 | 5.33 | 6.8 | 5.2 |
ASL(B) ,SwaB, | 4 | 3.2 | 3.33 | 3.2 | 5.73 l 4.13 | 5.6 1 4.9 |
ADC(B) ,SBC(B),| 5 | 4.13] 4.26 | 4.0 | 7.46 | 5.86 | 7.2 1 5.6 |
SXT,MFPS, | 6 | 4.13] 4.26 | 4.0 | 7.46 | 5.86 | 7.2 1 5.6 |
XOR | 7 | 4.93] 5.06 | 4.8 | 9.06 | 7.46 | 8.8 | 7.2 |
==============l====l=====I======l=====‘============|============l======|=====
l 8 | 1.6 | 1.73 | 1.6 | 2.53 l 2.53 | 2.4 1 2.4 |
' 1 | 2.4 | 2.53 | 2.4 | 4.13 | 3.33 | 4.0 | 3.2 |
l 2 | 2.4 | 2.53 | 2.4 | 4.13 | 3.33 | 4.8 | 3.2 |
TST (B) I 3 1 3.2 1] 3.33 | 3.2 | 5.73 | 4.93 | 5.6 | 4.8 |
I 4 | 2.8 1 2.93 | 2.8 | 5.33 I 3.73 | 5.2 | 3.6 |
| 5 | 3.73] 3.86 | 3.6 | 6.26 | 5.46 | 6.0 | 5.2 |
| 6 | 3.73] 3.86 | 3.6 | 6.26 | 5.46 | 6.0 | 5.2 |
| 7 | 4.53] 4.66 | 4.4 | 7.86 l 7.86 | 7.6 1 6.8 |
==============[====|=====I======|====='============l============|======|=====
| & | 3.2 ] 3.33 | 3.2 | 4.13 l 4.13 | 4.0 | 4.0 |
1 | 4.0 | 4.13 | 4.0 | 4.93 | 4.93 | 4.8 | 4.8 |
I 2 | 4.0 | 4.13 | 4.9 | 4.93 | 4.93 | 4.8 | 4.8 |
MTPS | 3 | 4.8 | 4.93 | 4.8 | 6.53 I 6.53 | 6.4 | 6.4 |
| 4 | 4.4 | 4.53 | 4.4 | 5.33 | 5.33 | 5.2 | 5.2 |
| 5 | 5.33] 5.46 | 5.2 | 7.86 I 7.06 | 6.8 | 6.8 |
| 6 | 5.33] 5.46 | 5.2 | 7.06 I 7.06 | 6.8 1 6.8 |
| 7 | 6.13] 6.26 | 6.0 | 8.66 | 8.66 | 8.4 | 8.4 |
| I | | | l | l

S EEmmmoEmmm=m=s | ====

NOTES: 1. XOR and Single Operand Instruction execution times include
instruction fetch, instruction decode, operand fetch, instruction
operation and result output (except in Mode @ and the TST(B)
instruction where there is no output).
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DOUBLE OPERAND INSTRUCTIONS

khkhkhhkhkhkkhkhhkhkhhkhkhkhkkhkhkhkhhhkkkhkhkhkkhhkhkhhkhkhkkhhkhhhhhkhkhkhhkhkhhhkhkkkhkhkhkhhkkkhkhkhkkhkkkkkkkkkhdk

* *
* (DOUBLE OPERAND EXECUTION TIME) = (SOURCE MODE TIME) + (DESTINATION MODE *
* TIME) *
* *

khkkhkkhkhkhkhkhhkhhkhhkkhkhkhkhkhhhdhhkhkhkhkhhhkhkhkhhkkhkkhkhkkkhkhkhkkkhkhkkkhkkhkkhhkhkkhhhkhkhkkhkkk*x

SOURCE MODE TIME

———— ——— — ——— ——————— - ———— ———— — - - — - —— — —————— —— ———— ———— ——— ———— ——— —— — ———————

|
| | REFRESH ON | REFRESH ON | REFRESH OFF
|SRC | === = e | REFR |==m e
INSTRUCTIONS |MODE| DST MODE |DST MODE | OFF | | |
| | P-4 | 5-7 | |[WORD | BYTE | WORD | BYTE |
l | MIN | MAX | MIN | MAX | | INSTR|INSTR | INSTR| INSTR|
:=============|====|=====l======|====='=====|======'=====l======]======|======
I | | | | | | | | |
l e | 1.2 | 1.33 | 1.33] 1.33] 1.2 12.13 | 2.13 | 2.6 | 2.0 |
1 | 2.0 | 2.13 | 2.13] 2.13] 2.6 13.73 | 2.93 | 3.6 | 2.8 |
mov(B) ,cMP(B),! 2 | 2.8 | 2.13 | 2.13] 2.13] 2.8 13.73 | 2.93 | 3.6 | 2.8 |
ADD,SUB I 3 | 2.8 | 2.93 | 2.93] 2.93] 2.8 |5.33 | 4.53 | 5.2 | 4.4 |
BIT(B) ,,BIC(B),l 4 | 2.4 | 2.53 | 2.53] 2.53] 2.4 14.13 | 3.33 | 4.0 | 3.2 |
BIS (B) ' 5 | 3.33] 3.33 | 3.33] 3.46| 3.2 |5.86 | 5.66 | 5.6 | 4.8 |
| 6 | 3.33] 3.33 | 3.33] 3.46| 3.2 1|5.86 | 5.6 | 5.6 | 4.8 |
| 7 | 4.13| 4.13 | 4.13| 4.26| 4.9 |7.46 | 6.66 | 7.2 | 6.4 |
I I I | | | | | |

e e e R —

=====

NOTES: 1. Source Mode times include instruction fetch, instruction decode
and source operand fetch.
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DESTINATION MODE TIME
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TUMP & SUBROUTINE INSTRUCTIONS

e D D ——

—— — —————————————— ——— — - ———— ————————— ——— - —————— —————— —— — —————— —— - ——————— —

—— e e ——— — — o —

—— e = s o —— e —
======

| | 16 BIT MODE | 8 BIT MODE
l | mmm e =
| | REFRESH ON | | REFRESH ON | REFRESH OFF
| DEST | =======m === |IREFR | === e e e e
INSTRUCTIONS |MODE| | | OFF | |
| | | | | WORD | BYTE | WORD | BYTE
| | MIN | MAX | | INSTR | INSTR | INSTR| INSTR]
====m========= | === | =———— | ====== | ===== I =—=========== ] —_——========== | =—===== ] —=—====
I | I | | | | |
1 | 2.0 1 2.13 | 2.0 | 2.93 l NA | 2.8 | NA |
' 2 | 2.4 | 2.53 | 2.4 | 3.33 I NA I 3.2 | Na |
| 3 | 2.4 | 2.53 | 2.4 | 4.13 | NA | 4.8 | NA |
JIMP I 4 | 2.4 | 2.53 | 2.4 | 3.33 | NA | 3.2 | NA |
[ 5 | 2.93] 2.93 | 2.8 | 4.53 | NA | 4.4 | NA |
| 6 | 2.93] 2.93 | 2.8 | 4.53 | NA | 4.4 | NA |
| 7 1 3.73] 3.73 | 3.6 | 6.13 l NA | 6.0 | NA |
==============|====‘=====|======|=====|============]============I======I======
1 | 3.6 | 3.73 | 3.6 | 5.33 | NA | 5.2 | NA |
| 2 | 4.8 | 4.13 | 4.9 | 5.73 l NA | 5.6 | NA |
| 3 | 4.9 | 4.13 | 4.0 | 6.53 | NA | 6.4 | NA |
JSR | 4 | 4.0 | 4.13 | 4.0 | 5.73 | NA | 5.6 | NA |
| 5 | 4.53] 4.53 | 4.4 | 6.93 l NA | 6.8 | NA |
| 6 | 4.53] 4.53 | 4.4 | 6.93 l NA | 6.8 | NA |
| 7 | 5.33] 5.33 | 5.2 | 8.53 | NA | 8.4 : NA |
============== | ==== | ===== | ====== | ===== | = =========== | = =========== | ====== | ======
RTS | NA | 2.8 | 2.93 | 2.8 | 4.53 | NA | 4.4 | NA |
==============|====l=====|======|=====|============I============|======|======
SOB | NA | 2.4 | 2.53 | 2.4 | 3.33 | NA | 3.2 | Na |
| | | | | | l I

NOTES: 1. JMP/JSR Destination Mode @ is an illegal instruction that traps
to vector location 14.

2. JMP execution times 1include instruction fetch, instruction
decode, operand fetch and loading of the PC.

3. JSR execution times include instruction fetch, instruction
decode, operand fetch, pushing the 1linkage register onto the
stack and loading the PC.

4, RTS execution times include instruction fetch, instruction
decode, 1loading the PC and popping the stack and loading the
linkage register.

5. SOB execution times 1include instruction fetch, instruction
decode, decrementing the count register, testing for zero and
branching if necessary (NOTE: whether or not a branch is taken
does not affect the execution time).
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BRANCH, TRAP & INTERRUPT INSTRUCTIONS

——— - —— — ——————— — ——— —— — - — ——— —— - ————————— ———————————————————————— - ——————————— ————

—— e o

—— o - — — ——

B

== EEESmS==S=====

===== =====

. —— o —

>

—— e
====

| | 16 BIT MODE | 8 BIT MODE
| R et e |——m e
| | REFRESH ON | | REFRESH ON | REFRESH OFF
|DEST| ==m===m e |[REFR | === = e e e e e
INSTRUCTIONS |MODE] | | OFF | |
| | | | | WORD | BYTE | WORD | BYTE
I } MIN } MAX I I INSTR | INSTR ‘ INSTR} INSTR|
33— == === =—==== —=——==== =====I============I============ =_——=== ======
| | | | | I | |
BR,BNE,BEQ, | I I I | I | |
BPL,BMI,BVC, | | | | I | | |
BVS,BCC,BCS, | NA | 1.6 | 1.73 | 1.6 | 2.53 | NA | 2.4 ] NA |
BGE,BLT,BGT, | I I | I I I |
BLE,BHI,BLOS, | I | | I I | I
BHIS,BLO | | I I I I I |
=== ==m==== l === | === I =—===== ' =—==== | ===mm==mmm=== | —=========== I ====== l =—=====
EMT, TRAP, | NA | 6.53| 6.66 | 6.4 | 9.73 | NA | 9.6 | NA |
BPT,IOT I | | | | I I |
e e rrrrrr T ] —=——== | ——=== I ====== I =——=== | P rerrrrrre T I —=mmmm=m===== | ====== I ======
YTI : NA { 3.2 { 3.33 ; 3.2 { 4.93 : NA : 4.8 ; NA |
RTT ; NA | 4.4 | 4.53 | 4.4 | 7.13 | NA | 7.8 1 NA |
| I I I I | I

NOTES: 1. Branch instructions execution times include instruction fetch,
instruction decoding, doubling the offset, testing the conditions
and adding the offset to the PC if the conditions are met
(NOTE: Whether or not a branch 1is taken does not affect the
execution times).

2. Trap instructions execution times include 1instruction fetch,
instruction decode, pushing the PS and PC onto the stack, loading
the PC with the contents of the vector location and loading the
PS with the contents of the vector location plus two.

3. Return from interrupt instructions execution times include
instruction fetch, instruction decode and popping the PC and PS
from the stack.
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MISCELLANEOUS & CONDITION CODE INSTRUCTIONS

- — —— ———— — — — ——— — ——————— ———— —— ———— ——— — — —— ——— — —
4ttt -ttt

- — ——— ——— — - — - - — - - - —— - ——— - - — - - — - —— - - ———— - ————

I I 16 BIT MODE I 8 BIT MODE

I P s

I | REFRESH ON | I REFRESH ON | REFRESH OFF

| DEST | ~———————=== |REFR | === === mm—mmmmmm e
INSTRUCTIONS |MODE| I | OFF | I

| | | | | WORD | BYTE | WORD | BYTE

I | MIN | MAX | I INSTR I INSTR | INSTR| INSTR]
==============l====|=====|======|=====|============[============|======|======

| | | | | | | |
HALT | NA | 5.73] 5.86 | 5.6 | 8.4 | NA | 8.6 | NA |
==============|==== | ===== | ====== | ===== | ============ | ============ | ====== | ======
WAIT | NA | 1.6 | 1.73 | 1.6 | 2.43 | NA | 2.4 | NA |
==============|====|=====|======|=====|============'============|======l======
RESET | NA |14.6 [14.73 |14.6 | 16.53 I NA | 16.4 | NA |
==============|====|=====|======|=====|============|============|======|======
NOP | NA | 2.4 | 2.53 | 2.4 | 3.33 I NA | 3.2 | NA |
==============|====|===== | ====== | ===== | ============ | ============ | ====== | ======
cLc,cLv,cLz, | | [ | | | | |
CLN,CCC,SEC, | NA | 2.4 | 2.53 | 2.4 | 3.33 | NA | 3.2 | NA |
SEV,SEZ,SEN, | | | I | | | |
scc I I I I I I I I

*=============|====|=====|======|=====|============'============|======|======
{FPT | NA | 2.0 | 2.13 | 2.0 | 2.93 | NA | 2.8 | NA |
| | | | I | | |

—— - — o —— o —

—
25—

——— v o > > o o
22—

—— e
======

= ====

e e o o e
======

=====

—— e o s o o o - —
ZEEZEEEZDSE====

NOTES: 1. HALT execution times 1include instruction fetch, instruction
decode, writing the PC & PS into stack then loading the PS with]
349 and loading the PC with the RESTART address.

2. WAIT execution times 1include 1instruction fetch, instruction
decode, pulsing PI to sample the interrupt lines and doing a
REFRESH cycle if REFRESH is on. (NOTE: If no interrupt lines
were sensed by the T-11 to be asserted during the PI pulse, the
WAIT instruction will cycle in a 1.2 us loop (if REFRESH is on
the loop will be 1.33 us max) pulsing PI. The looping will
continue until an interrupt line is sensed by the T-11 to be
asserted.)

3. RESET execution times 1include instruction fetch, instruction
decode, the assertion of -BCLR and the writing of DALK15:8> into
the MODE register.

4. NOP execution times include instruction fetch, instruction decode
and idle time.

5. Condition Code instructions execution times include instruction
fetch, instruction decode and the setting or resetting of the
appropriate status flags in the PS.
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NOTES:

MAXIMUM LATENCIES

— o - o — —— — —

—— e ——— —————— —— —— —————— — — —————— — —— - —— ———— - — - ——————— - —-————— - —— —

| | 16 BIT MODE | 8 BIT MODE |

| T [ == |

| | DYNAMIC|STATIC|DYNAMIC|STATIC]|

| DEST |-—---—-- | -——=-- === | ==———- I

ACTIVE INPUTS | MODE | | | | |
====================l=========l=======|======I======='======I
-CP<3:0>,-PF | NA | 15.47 |15.20 | 22.13 |21.60 |
(INTERNAL VECTOR) 4) | I | | | |
T T T T I === m==== ] =_———===== | ====== | ======= I === I
-VEC,-CP<3:90> | NA | 15.87 |15.68 | 22.53 122.00 |
(EXTERNAL VECTOR) 4) ]| | | | | |
===================='=========|=======I======|=======|======I
DMR 5) | NA | 3.66 | 3.52 | 4.46 | 4.32 |
====================|=========l=======|======I=======l======l
WAIT INSTR | I | | l |
| mmm e | == [===—== === | ==—=—= |

INTERNAL VECTOR | NA | 7.87 | 7.73 | 18.53 [|10.13 |
[ | == | ===——= e [ === |

EXTERNAL VECTOR | NA | 8.27 | 8.13 | 18.93 |10.53 |

| == | == | === [ === | == |

DMR | NA | 1.66 | 1.66 | 1.79 | 1.66 |

| | | I

. These timings are given in microseconds and assume clock

1.

frequency of 7.5 MHz.

Interrupt latency is measured from the time the INTERRUPT REQUEST
is asserted either on the AI 1lines (in static modes), or the
input of the AI line driver (in dynamic modes), until the time
the T-11 is ready to fetch the first instruction in the
interrupts' service routine. In this time T-11 takes 3 actions,
as shown in figure A.1l:

a) Keeps going until a PI latches the request. This could
happen in the instruction following the request.

b) Finishes the instruction that latched the request.

c) Executes the IACK microcode, which involves priority
arbitration, issuing IACK, generating the interrupt
vector (or in the case of -VEC being asserted, reading
in the external vector), pushing PSW and PC onto the
stack and loading PC and PSW from vector and vector +2.
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l | FIRST INSTRUCTION

Figure A.l1. 1Interrupt Latency

| [
! I
| LAST |IACK | OF SERVICE |
; INSTRUCTION :MICROCODE ;ROUTINE {
| | | |
| {==a==>|K===b===>|=mmmCmmmm > | |
l [ | l | |
| IRQ | | | | |
I | I l I
| | l | |
| . | | |
| l | | [ |
| PI | | | | |
| | | I
| A | |
[ | | | |
| IACK | l | |
| |
I I
| l
| |

Note that the time to synchronize the IRQ and to perform any
external priority arbitration is not included in the interrupt
latency.

DMG latency is calculated from the time DMR is valid on the input
of the AI line driver until the T-11 has asserted DMG.

WAIT instruction latencies are the maximum encountered in the
instruction's execution state. These times do not include the
instruction fetch or the instruction decode.

These times refer to IRQ occurring during a JSR (Mode 2 or 4),
EMT sequence, which is worst case.

These times refer to DMR occurring during a MTPS (Mode @)
instruction, which is worst case.

These timings assume T-11 is not in long bus cycle (mode register
bit 1) and there are no ready slips either.
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APPENDIX B

T-11 INSTRUCTION EXECUTION TIMES IN MICROCYCLES

XOR & SINGLE OPERAND INSTRUCTIONS

T T TSN ST DS SNS SIS ES=SN D= =====

- ———— ——— ——— —— — — —— - —— ————————————— ——————— —————————— ——— ——————————— -

|

|

| | 16 BIT MODE | 8 BIT MODE

I | == e

| DEST | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION
B ‘ ====== I R ] | ============= | ============

| I | I
CLR(B) ,COM(B), | @ | 4 | 6 I )
INC(B) ,DEC(B), | 1 | 7 | 13 | 9
NEG(B) ,ROR(B), | 2 | 7 | 13 | 9
ROL(B) ,ASR(B), | 3 | 9 | 17 | 13
ASL (B) , SWAB, | 4 | 8 | 14 | 10
ADC(B) ,SBC(B), | 5 I 19 | 18 | 14
SXT,MFPS, | 6 | 10 | 18 | 14
XOR |7 | 12 | 22 I 18
B ] ! ====== ‘ === =s======== I === =SSmT==E==s I ============

| @ | 4 | 6 | 6

| 1 | 6 | 10 | 8

| 2 | 6 | 19 | 8
TST(B) I 3 | 8 | 14 | 12

| 4 | 7 | 11 | 9

| 5 I 9 | 15 | 13

| 6 | 9 | 15 | 13

| 7 | 11 | 19 | 17

| 2 | 8 | 19 | 19

| 1 | 10 | 12 | 12

| 2 | 14 | 12 | 12
MTPS | 3 | 12 | 16 | 16

| 4 | 11 | 13 | 13

| 5 | 13 | 17 | 17

| 6 | 13 | 17 | 17

|7 | 15 | 21 | 21

| | | |

B

——— ey - ——— — —

o — o

NOTES: 1. XOR and Single Operand Instruction execution times include
instruction fetch, instruction decode, operand fetch,
instruction operation and resultant output (except in Mode
@ and the TST(B) instruction where there is no output).
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DOUBLE OPERAND INSTRUCTIONS

khkhkkkhkkhhkkhkhkkhkhhkkhkhkhkkkhhkhhkhkhkhkkhkhkhkkhkhkkkkkhkhkhkhhkkhhkkkkkhkhkkhkhkkhkkkkkk

* *
* (DOUBLE OPERAND EXECUTION TIME) = (SOURCE MODE TIME) + *
* (DESTINATION MODE TIME) *
* *

hkhkkkkhkkhkkkhhkhkhkhkkhkhkkhhkhkkhkhkhkhkhkhkkkkhhkkhhkkhkhkkhkkhkkkhkhkhkkhkhhkkhhhkkhkkkhkhkkkkkk

SOURCE MODE TIME

——— — — — —— —— - ———— — — - —— ———— —————— ——— —— ——— — - —— ——— ———————— ——————————

|
|
| | 16 BIT MODE | 8 BIT MODE
| | R
| SRC | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION
================l======l=============|=============|============
| I | |
| 2 | 3 | 5 | 5
| 1 | 5 I 9 | 7
MOV (B) ,CMP(B), | 2 | 5 | 9 | 7
ADD, SUB, | 3 | 7 | 13 | 11
BIT(B),BIC(B), | 4 | 6 | 10 | 8
BIS (B) | 5 | 8 | 14 | 12
| 6 I 8 | 14 | 12
|7 | 10 | 18 | 16

NOTES: 1. Source Mode times include instruction fetch, instruction
decode and source operand fetch.
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DESTINATION MODE TIME

—— — ————— - — — ——— ———— - — — ———————— - —————— - —— i ————————— —————— - ———

|

|

: { 16 BIT MODE { 8 BIT MODE

| DEST | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION

| | | |

| @ | 1 | 1 | 1

| 1 | 4 | 8 I 4 |
MOV (B) ,ADD, | 2 | 4 | 8 | 4 |
SUB,BIC(B), | 3 | 6 l 12 l 8 |
BIS (B) | 4 | 5 | 9 | 5 l

| 5 | 7 | 13 | 9 |

| 6 | 7 | 13 | 9 |

|7 | 9 | 17 | 13 |

| @ | 1 I 1 | 1

| 1 | 3 | 5 | 3

| 2 | 3 | 5 | 3
CMP (B) ,BIT(B) |3 | 5 I 9 | 7

| 4 ] 4 | 6 | 4

| 5 | 6 | 10 | 8

| 6 | 6 | 190 | 8

|7 | 8 | 14 [ 12

| [ | |

3

NOTES: 1. Destination Mode times include destination operand fetch,
instruction operation and resultant output (except in
Destination Mode # and the CMP(B) and BIT(B) instructions
where there is no output).
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JUMP & SUBROUTINE INSTRUCTIONS

—— e — - s — —— — — — — —— . —— = —

|

|

I DEST I I
INSTRUCTIONS I MODE | 16 BIT MODE | 8 BIT MODE

I I |

| 1 | 5 | 7

| 2 | 6 I 8

I 3 | 6 I 19
JMP I 4 I 6 I 8

| 5 | 7 [ 11

| 6 I 7 | 11

| 7 | 9 | 15
====================|==========|================l===============

| 1 | 9 I 13

| 2 | 10 | 14

| 3 | 19 | 16
JSR I 4 | 10 | 14

| 5 | 11 | 17

| 6 | 11 | 17

| 7 | 13 | 21
RTS I NA | 7 I 11
===================='==========|================I===============
SOB I NA | 6 | 8
====================l==========’================l===============
NOTES: 1. JMP/JSR Destination Mode @ is an illegal instruction that

traps to vector location 14.

JMP execution times include instruction fetch, instruc-
tion decode, operand fetch and loading of the PC.

JSR execution times include instruction fetch, instruc-
tion decode, operand fetch, pushing the linkage register
onto the stack and loading the PC.

RTS execution times include instruction fetch, instruc-
tion decode, 1loading the PC and popping the stack and
loading the linkage register.

SOB execution times include instruction fetch, instruction
decode, decrementing the count register, testing for zero

and branching if necessary
(NOTE: Whether or not a branch is taken does not affect

the execution time).
Rev B
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BRANCH, TRAP & INTERRUPT INSTRUCTIONS

——— e - — —— — —— . —— o ——— ——— — ————————— S — —
2 2 S

|
|
] DEST | |
INSTRUCTIONS | MODE | 16 BIT MODE | 8 BIT MODE
| | |
BR,BNE,BEQ, | | |
BPL,BMI,BVC | | |
BVS,BCC,BCS, | NA | 4 | 6
BGE,BLT,BGT, | | |
BLE,BHI,BLOS, | | |
BHIS,BLO | | |
EMT, TRAP, | NA | 16 | 24
BPT,IOT | | |
B R | === | B | B
RTI | NA | 8 | 12
RTT | NA | 8 | 12 |
| | |

. - e - > ——— — — o —— o —
-

NOTES:

l.

. ———— i ——— > — o

—— i ——
1

-

. — " —— o o
_—EEmEEEESEmZSm==s

Branch instructions execution times include instruction
fetch, instruction decoding, doubling the offset, testing
the conditions and adding the offset to the PC if the
conditions are met (NOTE: Whether or not a branch is
taken does not affect the execution times).

Trap 1instructions execution times 1include instruction
fetch, instruction decode, pushing the PS and PC onto the
stack, loading the PC with the contents of the vector
location and 1loading the PS with the contents of the
vector location plus two.

Return from interrupt instructions execution times include
instruction fetch, instruction decode and popping the PC
and PS from the stack.
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MISCELLANEOUS & CONDITION CODE INSTRUCTIONS

—— e
=Z=Z=====Z=====

- ——— — ——————— ————— ——————— o — — v

—————— —— - —— — - ——— — — — . ——— - — - - — - —————— - —

|

|

| DEST l l
INSTRUCTIONS | MODE | 16 BIT MODE | 8 BIT MODE
====================|==========|================|===============

| | [
HALT | NA | 14 | 21 |
WAIT | NA | 4 then loop | 6 then loop
Z===ssS==s==s==s=======|==========z | ================|===============
RESET | NA | 39 | 41
===zs================|========== | ================ | ===============
NOP l NA I 6 I 8
=====sssSssS==sss===== |========== | ================ | ===============
cLc,CLv,CLZ, l I !
CLN,CCC, SEC, | NA | 6 | 8
SEV,SEZ,SEN, [ l I
scc | | |
==s=================|========== | s=============== | ===========s====
MFPT | NA l 5 | 7
==m========cs===z==== | ========== | s===s=========== | E===============
NOTES: 1. HALT execution times 1include instruction fetch,

instruction decode, writing the PC and PS into the]l
stack, then loading the PS with 349 and loading the PC|
with the RESTART address.

WAIT execution times 1include instruction fetch,
instruction decode, pulsing PI to sample the interrupt
lines and doing a REFRESH cycle if REFRESH is on. _ (NOTE:
If no interrupt 1lines were sensed by the T-11 to be
asserted during the PI pulse, the WAIT instruc-
tion will cycle in a 2 micro-instruction loop (if REFRESH
is on the 1loop will be 2 1/3 micro-instructions max)
pulsing PI. The looping will continue until an interrupt
line is sensed by the T-11 to be asserted.)

RESET execution times 1include 1instruction fetch,
instruction decode, the assertion of -BCLR and the writing
of DALK15:8> into the MODE register.

NOP execution times include instruction fetch, instruction
decode and idle time.

Condition Code instructions execution times include
instruction fetch, instruction decode and the setting or
resetting of the appropriate status flags in the PS.
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NOTES:

MAXIMUM LATENCIES

| STATIC |DYNAMIC STATIC |DYNAMIC |

|

|

| |

|DEST| I I |
! ACTIVE INPUTS | MODE | 16 BIT MODE | 8 BIT MODE l
==Z==z=s=s=ss========== | ==== | ================= | =================|
: [ |CYlﬂ=uS :CYI'IUS :CY{ﬂluS :CY=Q|US :

| I || | |
| -CP<3:8>,-PF 4) | NA |38] | 13812] |54 | I5414]| |
| (INTERNAL VECTOR) | I I | | |
| ===============s=== | ===z |==|=|===|==|=|===|==|=|===|==|=| ===
| -VEC,-CP<3:90> 4) | NA [39] | 139121 1551 | 15514]| I
| (EXTERNAL VECTOR) | | R [ R I |
| ===================|====|==|=|===|==|=|===|==|=|===|==|=|===|
| DMR 5) | NA | 811].19] 8]21.19110111.19]10812].19]
| s==================|====|==|=|===|==|=|===|==|=|===|==|=|===|
| WAIT INSTR I . Lo L . |
1 | ===l === === | == | === == | = [ === [ == | = | ===
: INTERNAL VECTOR : NA [19]1] 119121 12511 l25|4} I

Sy iy oy RS oy VI Dy RS iy iy Y
: EXTERNAL VECTOR | NA |20]1] |20|2= {26:1: ;26:4‘ :

| ===l === | === [ == | ===~ | 2= | = [ === | == | = | ===
| DMR | NA | 3121.191 3121.19] 3121.19] 3131.19}{
|===================|====|==|=|===|==|=|===|==]=|===|==|=|===|

#. These timings are given in microcycles (assuming 3 phases/cycle)

+ extra phases + microseconds.

l. Interrupt latency is measured from the time the INTERRUPT REQUEST
is asserted either on the AI 1lines (in static modes), or the
input of the AI line driver (in dynamic modes), until the time
the T-11 is ready to fetch the first instruction in the
interrupts' service routine. In this time T-11 takes 3 actions,

as shown in figure A.1l:

a) Keeps going until a PI latches the request. This could

happen in the instruction following the request.
b) Finishes the instruction that latched the request.
c) Executes the IACK microcode, which involves priority

arbitration, issuing IACK, generating the interrupt
vector (or in the case of -VEC being asserted, reading
in the external vector), pushing PSW and PC onto the
stack and loading PC and PSW from vector and vector +2.
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| | FIRST INSTRUCTION
LAST |IACK | OF SERVICE
INSTRUCTION |MICROCODE |ROUTINE

{==a==>|===b===>
| |
IRQ | |
|
|

PI | |

IACK

Figure A.l1. Interrupt Latency

Note that the time to synchronize the IRQ and to perform any
external priority arbitration is not included in the interrupt
latency.

DMG latency is calculated from the time DMR is valid on the input
of the AI line driver until the T-11 has asserted DMG.

WAIT instruction latencies are the maximum encountered in the
instruction's execution state. These times do not include the
instruction fetch or the instruction decode.

These times refer to IRQ occurring during a JSR (Mode 2 or 4),
EMT sequence, which is worst case.

These times refer to DMR occurring during a MTPS (Mode '9)
instruction, which is worst case.

These timings assume T-11 is not in long bus cycle (mode register
bit 1) and there are no ready slips either.

Rev A

COMPANY CONFIDENTIAL
Page B-8



APPENDIX C

PDP11 DIFFERENCES LIST

ACTIVITY

I 22 ittt i i i kit ittt ittt ikttt i ittt ittt ittt ittt i it it
1. OPR %R,(N)+ or OPR RR,=(R) using the same register
as both source and destinationt contents of R are
increnented (decremented) by 2 before being used ag
the saurce onerand, . )

OPR %H,(R)+ or OPR %R,-(RI usinq the. same register
as both reqgister an® destinationt initial contents
of R are used as the source operand.,
It i3t ittt ittt ittt ittt ittt ittt ittt ittt ittt ittt
2. OPR %R,@(R)+ or OPR %R,3=(R) using the same register
as both source anA ﬂesilnation: contents of R are
increnented (decremented) by 2 before heing used ag
the source operand, . . -
LA X L X R L LN LYY XYL Y EY Y RIL P R Y I FY R YRR R YT Y Y Y Y]
OPR %R,A(R)+ or OPR %R,3=(R) using the same reqgister
as both source and ﬂestlnationl initial gontents of
R are used as the source. operand,
3. TOPR P2y X(R)] OPR PC,aXCR)) OPR BCrAAJ OPR Poghs ooor
9 14 [ & (o] <l
tocation A will contain tne PC .of OP& +4,
OPR P2y X(R)3 OPR PCyRAX(R)s OPR PCyAj3 OPR PC,RAl
Locatlon A yi1l confain the 6C of OPR +2.
332 2332ttt ittt ittt ittt ittt ittt
4, JIMP (R)+ or JSR reqg,(R)+s e
Contents of R are increnented by 2, then. used as the
new P2 address, . .
Jp iR)+ or JSR redre(R)¢s
Initial contents of R are used_as the new P2,

instruction, ) . .
JMP %R or JSR reg,%® traps to 10 (illegal
fnstruction).
I 33 3t 3 it i3 it ittt ittt ittt ittt ittt ittt ¢ttt
6, S4AB does not change V, - . .

[ X P L X A T R R X Y R Y R Y A Y Y R RN N L X X 2 0 & L 0 R L L LK RE XX XX X X J

E ]
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| PDP=11 FAYMTILY MAZHINES
-.-.........--.-‘-O-.--..--.-uu.--..p.----,ﬂ-..-i
ACTIVITY \ | I LST | 95 | 15 | 35 i
™ML | FIU a4 34 11 1 10 | 20 | 42
21 3 E 33ttt ittt ittt it it i3t ittt it ittt i i i i ARt i AR i AR i AR i A R It AR ===:'====
7. PReaister addresses (177729 - 1777117 are valia ) §
program addresses when used by the.
----..-.-.-...---.C--.---.--‘.---..ﬂ---.-.-..-..ﬂ-.--. X L X X J Sewee LAL K X ] - W e
Reqister addressed (177722 « 177711) tlme out when
used 38 a program address by the CPU, C4An be ade X
dressed under console ajreration Motes Add esses
cannhot be addressed ynder consoie for LSI=1]1 or Fe=t1i,

Reaister addresses (177730 « 177717) are handled as | l

" o
o

]
|
=z |
|
L X X J .---.----'----

X X

{eaular memoiy addresses (in the BSIO page), Mo X |
nternal re3 ster< are sddressable from eitfer the |
bus or the coasole, |
¥ 33t ¥ Ittt it i it ittt 2%t 1 2t 1ttt ittt it ii ittt i i AR ii i ARt ARt AR AR i ARt RS ===:|==== ====|
B, SAS£“ INSTRUCTIONS noted 1n PDP-tl processor hand= X X X X X K I :
ook,

MFPT (move from processdr type) . X

SOR, RTIT, SXT {anstructions, : . X X X X 1+ X I X X

MARK {nstruction, . X X X X X X

---..---.-..ﬁdtb---.--.-.---.--....Q..U.u.'n...-...-.- L X L X J L L X N J ow s [ X X X ] X X N N J .-.Il---- --ee L XK X )

ASH, ASHC, DIV, MI, {nstructions, . . X X X X X

XOR instruction, . X X . X . X ' X X
The external ontion KEileA provides MUL DIV and | X X

SHIFT operations in the same data forma |

The KE{l=E (Fxranslon Instruction set) grovides the
instructions MUL, DT ASH, and hese new ' X
instructions are 11/45 ~omoat1b1e..

The KEtl«F adds unioue stack ordered floating polnt B X |
{nstructionss: FADD, FS80OA, FMUL, FDIV, |

The KEVeil adds ETS/FIS instructions, ) X

SPL instruction, . X
E 3t I3 F 3 ittt it it ittt ittt it it i3Ittt ittt ittt i ittt iaEiit i ARt iRt -
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PDP-11 FAMILY MACHINES

' LSI 0 3
ACTIVITY ' rir | e oa e | ML) B} OB B s
“““':::::::::::S::::::::::::Z:==============-=:===:=:=== SasszmflEsES=n===S ;::: Ppefedodi-tl i efodpathil §B cforidpipud) i —fodpodo—dil [Pt
“po fa durin RLSE instcuction 1is nnt reco
ﬁ?ggﬁ un l g[teg he gnsttuct on is fini she 30 : :
mllliseconds). RES T struction CO“Séatf X X
millisecond pause with INIT occurring during f rst , »
20 milliseconds. N DI DUV LAV U DN N SR
Pouer fall }umedlatelx ends the RESET instruction :
and trap s in’ progtess. A minimum | ' : - : : “ 1 )
INIT of 1 microsecond occurs if instructions aborted. I DR DR P N PN U
;~~—; Eail a —s the sama as 11745 (22 milllseco ds ‘
ugtﬁ about 38 napnoseconds ni {DUIg Pouer f X K X .
during RESET fetch ls fatal nlth no power doun « : : : 4
sequence. - eun eme - - A WS L X X X N Y X T X J - W WD W - aan S - en en e - an o e
RESET instruction consists ot 10 ltcroseconds of INIT ! : . . 4 i ‘
followed by a 90 microsecond gause. Pouer falil not X : X '
recognized until the Instruction is complete.

— — - - - . WS W D VD P W D D D G W D s G . G A D W S D S D D W WD T D WD D G P WGP D WP DGRy wmes wewewasr s | papminan | v wwun] pemmw Jrmmow | cvmwwerer | wmsmwen | qrus S | wman e er | G s o

RFSFT lnstructlon consists of a minimum 8.4 micro- ‘ ‘ ‘ ,
seconds followed by a mininmua 150 naposecond pausa. X ‘ : N
Pouer fall 1s not recognized until the instruction: ‘ '
is complete.

bt ettt T I I T T Tt I T R Pt T T T e T It I ARt P i AR I 3 R I A R A I R 3 A R AR A R
« No RTT instructione. ' ' : 11X X
If RTT sets the bit, the T bit trap occurs after X - X - X X X ‘ X X
the Instruction tolloulng RTIT.
A::::Z:::==::=====:=:=:=:::::=:::::::::::2:::::::::::::3: -+ A4+ 4 T IR T T T A R T A R I A R AR A Rt A
« If RTI sets the T bit, the T bit trap is acknowledged t ' * X X i
after the instruction following RTI. ,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - e - - amenonl e on en e -— en ee = wamamer e | goenenas | o owws e as aven § 9o wn oo o=
}f RSI sets the T bit, the T bit trap is acknowledged X X X X X X X
mmedlately following RTI. ~ . -
Z:::::::::Z:========:=:=:====”::::::2:3::::::::2::::’:::: 1t AR I T T I R A R A R A R A 3 L -_——=

A.¥hen operating with the T-bit set js.g. single
ste g nterrupt requests ul e serviced. . X
r f end of lnstruction execution, the T-bit
1as h gher prioi ty th?n lnteriupt requasi
Once the t serv routine, other nterrupts
are blocked to insure no gnexpected occurancese.
When the RTT lnotruct on 13 executed: to leave
the service tout ne ntatrup;s will not be
qervxced if the it is set 1n the new PS

gped off the stack. - The user will, thetefote,
not see any interrupt requests he i3 expectinge.
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ACTIVITY

A3 i3 i i i3ttt i i i it i i i ittt it it ittt
12, 1€ an interrupt nccurs Juring an fnstruction tnat
has tne T bit set, .the [ oit trap is acknowleaged
before the interrupt, . . .
1f an interrupt occturs during an instruction ana -
the T bit is set, the {nterrupt is acknowledged
tefore the T bit trao,
:::::3::::::::::::::8::====:8::::28:3:2::::::88:::2::3:883
13, T bit trap #ill sequence out of WAIT instruction,
[ Z XA LR AL A AR XX EE AN R LYY XY P R R PR YRS R 2 Y X X
T bit trag will not sequence out of WAIT instruction,
raits until an fnterruont,
1 333t it ittt it ittt it 3ttt it i ti3ii i1ttt it i1
14, Explicit reference (direct access) to PS can load
the T bit, Zlonsole can also load the T bit,
(YT I PR Y Y XY P XY YL I XY X ) --.ﬂﬂ'-Q'-------’.-----'.-.-...
Only implicit references (RTI, RTT, ;raps and in-
%ggrgpgig can load the T bit, Console cannot load
==88=========;===============8====833::::3::38::33::::'888
15, 0dd address/non-~existent references usingd the Sp
cause a HAULT. This is a case of double bus error
witn the second error occurring in the trano sei-
v cin? the first ervor, 0dd address trao not 1n
LSI=11 or Fe=ii, . .
0dd address/none-e¥istent reterencei using the Sp "
cause a fatal tran, On bus error 1n trap Service,
new stack created at u/2, ; . .
(A T L XX L XX XA XX F RN EE Y RN X2 R XL KX LK F'¥ 3 [ X I 2 Y X ¥ )
0dd address/non-evistent references using tne.SP
- do QEE EEaD: .......
16, The first instructisn {na: an interruot routine will
not be executed {f anotner interrupt occurs at a
higher priority level than assumed by the first
interrupt, . .
The first instruction in an interrupt service is
guaranteed to he executed,

- - - - ) G agh wn - - - - - - e ew e - e e - -
i1t ittt ittt it i ittt ittt i1ttt t ¥t %

17, 8 General purpose registers., . . .

L Y X A E LA LR XL X RN XL LEELELYLEYLRLLYE LA YRR FY X X}
16 General purpose registers,
131 it ittt i3t it ittt i i it it i1t it ittt ittt ittt
18, PSwWw address, 177776, not implemented, Must use new
%g§truction5a MIPS (Move to PS) and MFPS (Move trom

L] .
L X A 0 A L A AKX XK LN X NN E B N XL L AL XX XL ALY LEILALYYEYEYELEL XY ¥ ]

PSW address implemented, MTPS and MFPS not imple=
mented, . .

LR X L X A X L L L XX LA X L2 XX XX N XL XL LAY Y L LYY XYY J
PSW address and MTPS and MFPS implemented,
2t 4t i it i ittt it ittt ittt it i3t i it ittt i it i it
. Only one interrupt level (DR4) exists,
COMPANY CONFTDFNTTAI
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. o
Towme e AL L LRI ELA R N R LR Y Y IR R X X A L X X X X X 3 imw

tour luérruot levels exist,

[ A X L A B2 A 0 R X R A R X R KA N R A X ENEX L X 2 XN X XL XN L XL ALLEREEY LA XXX ¥ J

Four interruot levels exist encoded in four lines,

B3t 343t 3ttt i i it -  Et t E E H it ittt ittt ittt it it i it
', Stack overflow not implemented, .

--.--‘-‘—.-.----..-.n------.--q----‘----..‘..-.-.--'..
Some Sort of stack overflow implemented,
333ttt ittt it ittt I it it i ittt ittt ittt ittt i1
'{, 0dd address trap not implemented. . _
0dd address trap imolemented,
=8=;==:==============2:::=================3=============
e« FMUL and FDIV {instructions implicitly use R6 (one
push and pop)y henc® R6 must be set up correctly.

FYUL and FDPIV instructions do not implicitly use Ré6,

- - - -
i3ttt it ittt ittt it ittt ittt it ittt ittt it 2 1t

23, hue to their execution timne, EIS instructions can
aport because of a device interrupt,

{ ...--.-.-.-'.-.-.---.‘-‘-.-.-----..-......-.-..-..‘....

} ETS {instructions 4o not abort because of a device

‘ interruot,

3ttt I Ittt i ittt i1 ittt SRS RSaSasa

Fi. Due to their execotion tine, FIS iégf;uctions can
[ ]

anort hbecause of a devize {nterrupt,

it it ittt i ittt ittt ittt -1ttt -ttt 1t 121t ¢t 1

25, FIS {nstructions do a DATIP and DATO bus sejuence
when tetcniny source onerand, . .
.-0'?.---....-‘..‘-.-'- (X X X P X Y X X R R X N X L RN RN XX X B F % ¥ ¥ J
£IS {nstructions Ao a DATI bus sequence when

fetching source operand,

3+ i s i ittt i 2 T i i ittt 1ttt it it E i R i 1 £ 2 1 X1 £
[ ]

MOV instruction does jJust a DATO bus sequence for
tne last nemory cvcle, . .
MOV {nstruction does a DATIP and DATO bus sequence
for the last memory cycle, . .
MOV instruction does a READ (DATI) and a WRITE (DATO)
bus sequence for the last memory cycle,
E::::::::=============================::::::::3::8::33:8:3
7. 1f PC contains non=existent memory address and a

bus error occurs, P will have._been incremented,

1f PC contains non~existent memory address and a

bus error occurs, P> will bhe unchanged,

Does not support bus errors,

- w -— e - Y G O ey W S we W a we win = e N - - G WS e Gn G GD SR N G W TR e s R - an e - e o on - - E o
;--:--:-------—‘l--—---¢=os~‘---.--—------:---:uu--::n::---:

28, 1f re3jister contains none-existent memor¥ address
in mode 2 and a bus error occurs, register will
be incremented, ] )
I1f rejister contains non-existent memor¥ address
in mode 2 and a bus errar occurs, register will
be unthanjed, . .

PDoes not support bus errcors,

333t it s it ittt t it Pt ittt it i i Lt 2 2 ¥ 4 ¢
29, Tf re3dister contains an odd value in mode 2 and a
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bns el occurs, register will be_ {ncremented,
n.“.ﬁﬂ“'ﬂ@..-.-.ﬁﬁ..'.-."-..-.-.-.‘-...'ﬂﬂﬁ.'.ﬂﬂ.-.-
If redtster contains An odd value i{in mode 2 and 8

bus error occurs, realister will be unchanged,

A X A & E X L XXX AR KX LESL IR LAY PR Y XA EY XYY 2 2 RN X X J

Noes not support bus errors,
1+ 2t 23t i3ttt i it ittt it it it ittt ittt ittt it it
3D, Condition codes restored to original values atter
FIS {nterruot abort (£T1S doesn’t abort on 35/749),
Condjtion codes that are restored after EIS/F1S
fntercupt abort are indeterminate,
HfIt ittt It ittt it i1 i i1t i1t
31, Op iodes 275740 thru ©75377 unconditionally trap
to 10 as reserved 09 codes, . .
If KEVel1 option 1s present, Op codes 075044 thru
@75377 perform a memory read uiinq the reaister .
specitied by the low order 3 bits as a pointer, If
the reaister contents is a non-exlstent address,
a trag'to 4 occurs, If the reg ater contents 1s
an exlstent address, a trap to occufs 1€ user
microcode is not pnresent, If no KEVell option is
present, a trap to 10 ozccurs.

21 333 F ittt iixtit it ittt ittt ittt ittt ittt
32, npdgodes 210 thru 217 trap to 10 as reserved Op
f co Soe . .

0p codes 212 thru 217 are used as a malntenance
fnstruction,

2t ittt it i3It ittt ittt it ittt it ittt 211ttt
33, Op codes 75945 thru 75777 trap to 1@ as reserved
0o codes, . .

-.---.--.--‘-QQ.-.'...----......-.--.-.---.--.ﬂ‘-..-.-
Only 1f Kevell ootion is present, op codes 7594v

tnru 75377 can be used_gs escapes to_user

microcode, Op codes 7%420 thru 75777 can a}so.ne

used as escaoes to user microcode and KEV-11 ontion
need not o?”present. If no user microcode exists,

i a trap to occurs,

11 333 Fi i i it it it it ittt ittt ittt it ittt ittt it tit i

34, 0Op codes 174220 thru 1727777 trap to 10 as reserved
instructions,

oé.cod;s 17335@ th;u 177717 ar; implemented as B
floating point instructions, ]

Op codes 172400 thru 177777 can be used as escapes
to user micsocode. If no user microcode exists,
a trap to 10 occurs,

- - - o v o e W o o 9 D wp o o -
- X1 i3 i ittt it ittt ittt it ittt ittt ittt ittt 1ttt ittt

35. CLR and SXT do just a DATO sequence for the last
bus cycle, . .

(R X Y X R R R A A X XX REE LN L L AL LR LA AL LR X A X X X J

CLR and SXT do DATIP«DATD sequence for the last
bus cycle, . .

CLR and SXT do a READ (DATI) and a WRITE (DATOD)
seauence for the last bus cycle,
I 1 i i x ittt ittt i i a s ittt ittt ittt ittt st i 2 1 ¢
36, MEM, MGT, maintenancte mode SRO bit 8 is implemented,
| COMPANY CONFTDFNTTAI
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-nn...-u-.-'----.---.--u--------.--‘----‘--.-.--...O..‘ .--.-‘-.0--' - e e

MEM, MGY, maintensnCe mode SRV bit 8 is not

lmoiennnted.
3t i L et Rt R I s P b R R R E R F L P £ T 3
37, PS<15812>& user mod2, vser stack pointer, and

MTPX and MFPX {nstructions exist even when MEM, MGT,

lg not contigured, . .

- “‘..------.-.‘-.-Q....---.-Q-’---.---"..-‘---..--.

PS<i5812>, user mode, user stack pointer, and

uTPX and MFPX instructions exist only when

MEM. MGT., is confiqured,
33 i ittt it ittt ittt ittt ittt it ittt iitiiiitt
8, u{rent mode PS bits <15314> set to &1 or

will cause a MEM, MGT, trap upon any memory

reference, . .

current maode PS bits <15314> set to A1 or {40

w {1 oe treated as tbrnei mode (ou? and not cause

a MEM, WMGT, trap, '
SRS S ES S SIS S ESE NN ES S 2SS SSSEESSESSRS=SISIIREISEISIRS
39, MTPS in uses mode will ~ause a MEM., MGT, trap ét PS

address 117176 is not mapped, If mapped PS<718>

and <310> are affected, . . '

LE X L L L L XX XYY LYY Y yYy Y XYY Y R A Y YR Y RYXZIT Y XY ]

MTPS in user mode will only aftecs PS<ItA> . .

reqgardless of whethey P) address 1777776 is mapped,
3 i ittt it ittt i it i1 it ittt i1t i1t 1t iiiii:
49, MFPS in use; mode will cause MEM, MGT, trag it ps

address 177776 not mapped, If mapped, PS<730>

are accessed, . .

MFPS in user mode will acces PS<7319> regardless

of whether PS address 177776 is mapped,

A HALT instruction In user mode traps to 4

(AT L LR L X IR R P A A Y R RN R R Y R R Y YL R L PR Y Y L]
A HALT instruction in user mode trams to 10,
12433ttt ittt ittt ittt ittt i1ttt ittt
42, N HALT instruction sushes PC & PSW to siack,
load the PS with 347, and l1oad the 2 wlth
power up address + 4 (restart address),

. Sh O s ww O WD BN e S e W e SN D ww wn eGP P wp P W o - w W W un wn G0 wn 9 W oo G Ym we OB - ws on PT W wup ve -

33: Resident ODT microcode,
21 i1ttt ittt ittt it ittt s it i ittt ittt ittt ittt it
44, A1l data outs (DATO) are precedeed by a data in (DATI)
23 it ittt it ittt it ittt ittt i i ittt ittt it ittt ittt
45, Instruction execution runs to completion regardless

of bus erros,
2t 2 ¥ Xttt ittt ittt it it i ittt it ittt ittt
46, Vector address ranae linited to 4 to 374,
133 it i ittt it ittt it it i it ittt ittt it ittt ittt
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HARDWARE OIFFERENCES =~ TRAPS
(TRANSPARENT TO SOFTAARE)

l..'...’.--...-...--...- -..---‘.-..-'--.---‘..-.'---.--..--..-----'Q--.-- (X KX R XN X N N N N NN N E N X N F 3% K X ]
Ti1 . F11 : 11/04 ‘ 11734
Priority of internal Priority of internal | #friority of internal Priority of Internal
nrocessdr traps, ex- rocessor traps, ex+- | roce sor traps ex- processor traons, ex=
ternal interrup fs ernal nterrup&s | e£ terru ternal nterrupts.
HALT and WAITS HALT and WAIT : HALT and WAITS HALT and WAIT
TRAP Instrucztions Menmory Parity Errors | Bus Error Tra Jyenory Parity Frrors
HALT IMIFRRUPT Menory Management TRAP Instructlons Mennry “anagement
TRAZE TRAP Fault TRACE Trap Fault
External Vector Bus Error Tr OVFL Trao Bus Error Traos
Interrupt TRAP Instruct ons | Power Fail Trap TRAP Instructions
Internal Vector TRACE Trap I UNIBUS Bus Reguest TRACE Trap
Interrupt JVFL Tran { Console HALT OVFL Trao
Power Fail Trap Power Fall Trao WAIT Loop: Power Fall Trao
WAI? LooOp 2onsole Aus Request >onsole 8us Request
TEST Mode Request 3=-BUS Bus Request UNIAUS Bus Request
AMIT Loop | WAIT Looo
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HARDWARF DIFFERENCES = TRAPS
(TRANSPARENT TO SOFTWARE)
'---—-..-------.-..----.‘-...-.---;--.;uo----.--.' [ T XY P X P X EY PR NRE R NY N Y X BN R N XN L F L NN X XY LY X ¥ J
LSI11 : POP11/35,10 : . PDP11/715,20 PDP11/35,40

Pricrity of internal | Priority of internal | Pr?oritv of internal Priority of internZI
processor traps, ex* | grocessor traps, ex= | grocessor traps, ex- arocessor trans, exe
ternal interruots, ' ernal interrupts, | ernal interrupts, ternal interrupts,
HALT and WAITS HALT and WAITS = HALT and WAITS HALT and WAIT?S

Bus Error Trap ' 3us Error Trap | Bus Error Trap Memory Parity Errors
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APPENDIX D

WORST CASE REFRESH RATE CALCULATIONS

-
-
[t ot -]
et v -~
[--} [--} - O
@ we -] -y
- QUes N N~
Sa Sy iy 23
—
F'g g;m g@ [(*37%2]
g' S < >
(=3 s > e > 08
TN O e -t

MINIMUM FREQUENCY (in MHz) TO MEET 128

z
m&
U
23
(]
m&
MmQ
b |
4+ || [
Lo a .
Loy |
+ 11 [ /
o [
P L
oo |
P e
b / -
a L1 R
2 64 | | [
S 11 !
SN |
L 4
= 1 | o
= -
o 4+ ! ~
NN -
w»
g 34 | | AT —
& 1o <7 2z
= I e
+ 1 b
Il .-
1) “ !
P NS - |
| JA b= [ |
;' J! et j' L L'_J_ —
H 2 15 "20 25 39 35 1Y)

AVERAGE CYCLES PER INSTRUCTION

«5 Refreshes/instruction
. . 1 Refresh/instruction

2 Refreshes/instruction
3 Refreshes/instruction

No DMA, No Ready Slips, No IACK's, No LBC

- wo§s: c;se (all DOP's Source and Destination Mode 3), l6-bit mode
= 5.0 MHZ

= Worst Case, 8-bit mode = 4,5 MHz

= Average time in 16-bit mode = 2,5 MHz

= Average time in 8-bit mode = 2.2 MHz

- All DOP SDM7, 16-bit mode = 2,5 MHz

= All DOP SDM7, 8-bid mode = 2.2 MHz

HEWOOwWw >
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AVERAGE REFRESHES PER INSTRUCTION

INSTRUCTIONS

—— e o > > = > o

XOR & SOP's

JMP & JSR

—— e - —— —— —

—— e o e

—— > > e —— —

CMT, TRAP

BPT, IOT

1

f = Minimum Operating

I
I
I
I
I
I
I
I
I
|
I
I
I
I
|
I
I
I
I
I
I
!

A
R
£
(

REFRESHES PER INSTRUCTION

- ——— ———— —— —— — ———— —————— - —— - ——— ——— —— ——— ——————

DEST Mode | 16-Bit Mode | 8-Bit Mode |
=================I=================l==============|
I | |
g - 4 | 9.5 | 1 I
| . | |
5 - 7 | 1.0 | 2 |
=================l=================l==============l
| 16-Bit Mode | 8-Bit Mode |
| s e e |
SRC Mode l DEST Mode | DEST MODE |
e e et L e il let |
| g-4 | 5.7 | g-4 | 5-7 |
=================|========'========l====== |======|
g - 4 I g.s l log l l 2 l
| | | | |
5 - 7 | 1.0 | 1.5 I | 3 |
================='=================l==============|
| | |
| | |
5 -7 | 4.5 | 1 |

| |

——— e o — —— — —— — — —— - —

> e o —

Average # of cycles/instruction
Average # of refreshes/instruction
N 3 ° A

x —rR_ 1

([}

one cycle = 3 operating frequency periods)

- i o o

Frequency (in MHz) to meet N refreshes in X sec.

Example: all DOP's source and destination mode 7, 128 refreshes
every 2 ms., 16 - bit mode
g = 128 refreshes 3 periods/cycle ° 19 cycles/instruction 1 period
2 m sec. 1.5 refreshes/instruction refresh
= 2.5 MHz
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APPENDIX E

T-11 INSTRUCTION EXECUTION TIMES IN I/0 CYCLES

XOR & SINGLE OPERAND INSTRUCTIONS

> > T o S A . T S e =S e
S N S S S S S S =======

- — e — ——————————— —— - — - — ——— —— - ——— - — —— ——— —— — — ————— - — — ———————————

—— e o > et e e

- v — ——
==ESmmsom=m=m===

- o - i o —— o
1

—EREmmEmmEmmm=====

—— e o o
======

|

|

| | 16 BIT MODE | 8 BIT MODE

| | |~ e e

| DEST | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION

| | | |
CLR(B) ,COM(B), | @ | 1 | 2 | 2
INC(B) ,DEC(B), | 1 | 3 | 6 | 4
NEG(B) ,ROR(B), | 2 l 3 | 6 I 4
ROL (B) ,ASR(B), | 3 | 4 l 8 l 6
ASL (B) ,SWAB, | 4 | 3 | 6 | 4
ADC(B) ,SBC(B), | 5 l 4 l 8 I 6
SXT,MFPS, | 6 | 4 | 8 | 6
XOR : 7 | 5 l 19 l 8
===s==s=ss=======|====== | ============= | = ============ | = ===========

| 2 | 1 | 2 I 2

[ 1 l 2 | 4 | 3

| 2 | 2 l 4 | 3
TST (B) | 3 | 3 | 6 1 5

| 4 | 2 | 4 | 3

I 5 | 3 | 6 | 5

| 6 | 3 | 6 | 5

|7 | 4 | 8 | 7
Tz====s=========|======|============= | ============= | ============

| 2 | 1 I 2 | 2

| 1 | 2 | 3 | 3

[ 2 | 2 | 3 | 3
MTPS | 3 I 3 I 5 I 5

| 4 | 2 | 3 | 3

| 5 I 3 | 5 l 5

| 6 | 3 | 5 I 5

|7 | 4 | 7 | 7

| | l |

NOTES: 1. XOR and Single Operand Instruction execution times include
instruction fetch, instruction decode, operand fetch,
instruction operation and resultant output (except in Mode
@ and the TST(B) instruction where there is no output).
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DOUBLE OPERAND INSTRUCTIONS

S 5 S S -

khkkhkkhkkhhhhkhhhhhkhhkhkhhkhkhkkkhhkhkhhdkhhhkhkhhkhkhhhkhhkhhkkkhkkhkkhhkhhkkhkhkhkkk

* *
* (DOUBLE OPERAND I/O CYCLES) = (SOURCE MODE CYCLES *
* INCLUDING INSTRUCTION FETCH) + (DESTINATION MODE TIME) *
* *

khkkdkhkkkhhkhkhhhkhhhhkhkkhhhkhhhkhhhkhhkhkhhhkkkhhhkkhkhkkhkhkhkhkkhkhkhkhhkkhkkkkk*

SOURCE MODE TIME

 — — — ———— — ——— — — —— — —— - — N ——— —— —— — ———— — > — —— - — — - —— — —— —— —— ——— — ———— —

|

l

| | 16 BIT MODE | 8 BIT MODE

| | | o m o e

| SRC | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION
================|======l=============|=============|====z=======

| | | |

| @ I 1 | 2 | 2

| 1 | 2 | 4 | 3
MOV (B) ,CMP(B), | 2 | 2 | 4 | 3
ADD, SUB, | 3 | 3 I 6 I 5
BIT(B),BIC(B), | 4 l 2 | 4 I 3
BIS(B) | 5 | 3 | 6 | 5

| 6 | 3 | 6 | 5

| 7 | 4 | 8 | 7
NOTES: 1. Source Mode times include instruction fetch, instruction

decode and source operand fetch.
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DESTINATION MODE TIME

—— e
=SS S=======

=

|
|
! | 16 BIT MODE | 8 BIT MODE
| R
| DEST | | WORD | BYTE
INSTRUCTIONS | MODE | | INSTRUCTION | INSTRUCTION
| | | |
| @ [ 0 | 1) | 7]
I 1 | 2 | 4 | 2
MOV (B) ,ADD, | 2 I 2 I 4 | 2
SUB,BIC(B), I 3 | 3 | 6 | 4
BIS (B) | 4 | 2 | 4 | 2
| 5 | 3 I 6 | 4
| 6 | 3 | 6 [ 4
| 7 | 4 | 8 | 6
| @ | ] I ] I 2
[ 1 | 1 | 2 | 1
| 2 | 1 | 2 I 1
CMP (B) ,BIT(B) | 3 | 2 | 4 | 3
| 4 | 1 | 2 | 1
| 5 | 2 | 4 | 3
| 6 | 2 | 4 | 3
|7 | 3 | 6 | 5
| | | |

P T p——

3t

NOTES: 1. Destination Mode times include destination operand fetch,

instruction operation and resultant output (except in
Destination Mode @ and the CMP(B) and BIT(B) instructions
where there is no output).
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JUMP & SUBROUTINE INSTRUCTIONS

2 2 2 2 5

- ————— —— - — — - —— ——— - — — - ———— - —— —— - - —— ————— - ——— - - — - ——

|

|

! DEST | |
INSTRUCTIONS I MODE | 16 BIT MODE | 8 BIT MODE
====================|==========I================‘===============

I | l

| 1 | 1 | 2

I 2 | 1 I 2

| 3 [ 2 | 4
JMP | 4 | 1 | 2

| 5 I 2 | 4

| 6 | 2 | 4

| 7 | 3 l 6
===================='==========l================‘===============

[ 1 I 2 | 4

I 2 | 2 | 4

| 3 | 3 | 6
JSR I 4 | 2 | 4

| 5 | 3 | 6

| 6 | 3 | 6

| 7 | 4 | 8
====:===============I==========|================l===============
RTS | NA | 2 | 4
====================l==========I================|===============
SOB | NA | 1 | 2
====================|==========l================I===============
NOTES: 1. JMP/JSR Destination Mode # is an illegal instruction that

traps to vector location 14.

JMP execution times include instruction fetch, instruc-
tion decode, operand fetch and loading of the PC.

JSR execution times include instruction fetch, instruc-
tion decode, operand fetch, pushing the linkage register
onto the stack and loading the PC.

RTS execution times include instruction fetch, instruc-
tion decode, loading the PC and popping the stack and
loading the linkage register.

SOB execution times include instruction fetch, instruction
decode, decrementing the count register, testing for zero

and branching if necessary
(NOTE: Whether or not a branch is taken does not affect

the execution time).
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BRANCH, TRAP & INTERRUPT INSTRUCTIONS

—— e o - e

———————— ——— —— - — — - —— ————— - —————— - ———— - — ————— ——— - —

—— - - — —— — —
s m S ST S S=======

BR,BNE,BEQ,
BPL,BMI,BVC
BVS,BCC,BCS,
BGE,BLT,BGT,
BLE,BHI,BLOS,
BHIS,BLO

——— e > > o > —— ———

EMT, TRAP,
BPT,IOT

——— e o e o " S e o o o
3

—— - — —— ———— >
3+

g
eSS ESEEEmmm=mS=EEs

NOTES: 1. Branch
fetch,

l

|

| DEST l

I MODE | 16 BIT MODE

| ==========|================
| |

| |

| |

| NA I 1

| |

| |

| |

| ==========| ================
I NA ! 7

| |

‘========== ' 4ttt
| NA | 3
l========== l ]
l NA | 3

I |

instructions execution times
instruction decoding,
the conditions and adding the offset to the PC
conditions are met (NOTE: Whether or not a branch

—EEEmSEmmmE==m====

==mm==|SSm=S=======

include instruction
doubling the offset,

taken does not affect the execution times).

2. Trap
fetch,
stack,
location

instructions execution times
instruction decode,

vector location plus two.

3. Return from interrupt instructions execution times include

instruction fetch, instruction decode and popping the PC

and PS from the stack.
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include instruction
pushing the PS and PC onto the
loading the PC with the contents of the vector
and loading the PS with the contents of the

testing
if the



MISCELLANEOUS & CONDITION CODE INSTRUCTIONS

e e e = — — ——— — — . — — —— — — — ——— — T —— — —— —— —— —

——— —————— —— —— - — - —————— ———— —— - — - ——————— - —— —————

|

|

| DEST | |
INSTRUCTIONS | MODE | 16 BIT MODE | 8 BIT MODE
====================|==========I================l===============

| | |
HALT | NA | 5 | 6
====================l==========|================|===============
WAIT | NA | 1 then loop | 2 then loop
====================l==========|================|===============
RESET | NA | 1 | 2
====================I==========I=========:======‘===============
NOP | NA | 1 | 2
===================='==========I================I===============
cLc,cLv,CLZ, | | |
CLN,CCC,SEC, I NA | 1 | 2
SEV,SEZ, SEN, | | !
scC | | |
====================l==========l================l===============
MFPT | NA | 1 | 2
====================l==========I================l===============
NOTES: 1. HALT execution times 1include instruction fetch,

instruction decode, writing the PC into location 4,
writing the PS into location 6, loading the PS with 349
and loading the PC with the RESTART address.

WAIT execution times include instruction fetch,
instruction decode, pulsing PI to sample the interrupt
lines and doing a REFRESH cycle if REFRESH is on. (NOTE:
If no interrupt 1lines were sensed by the T-11 to be
asserted during the PI pulse, the WAIT instruc-
tion will cycle in a 2 micro-instruction loop (if REFRESH
is on the 1loop will be 2 1/3 micro-instructions max)
pulsing PI. The looping will continue until an interrupt
line is sensed by the T-11l to be asserted.)

RESET execution times 1include instruction fetch,
instruction decode, the assertion of -BCLR and the writing
of DALK15:0> into the MODE register.

NOP execution times include instruction fetch, instruction
decode and idle time.

Condition Code instructions execution times include
instruction fetch, instruction decode and the setting or
resetting of the appropriate status flags in the PS.

COMPANY CONFIDENTIAL
Page E-6



