fonnos

FEATURES

32 bit architecture

33 ns internal cycle time

30 MIPS (peak) instruction rate
4.3 Mflops (peak) instruction rate

64 bit on-chip floating point unit which conforms to

IEEE 754
4 Kbytes on-chip static RAM

120 Mbytes/sec sustained data rate to internal memory
4 Gbytes directly addressable external memory
40 Mbytes/sec sustained data rate to external memory

630 ns response to interrupts

Four INMOS serial links 5/10/20 Mbits/sec
Bi-directional data rate of 2.4 Mbytes/sec per link
High performance graphics support with block move

instructions

Boot from ROM or communication links
Single 5 MHz clock input

Single +5V +5% power supply
MIL-STD-883C processing is available

APPLICATIONS

Scientific and mathematical applications
High speed multi processor systems
High performance graphics processing
Supercomputers

Workstations and workstation clusters
Digital signal processing

Accelerator processors

Distributed databases

System simulation
Telecommunications

Robotics

Fault tolerant systems

Image processing

Pattern recognition

Artificial intelligence
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IMS T800

transputer
— q

Engiﬁeeriﬁg Data

Floating Point Unit

System 32 bit
Services 32 Processor
Link
. Services
Timers
Link
32 Interface
4k bytes
! Link

of 32
On-chip Sr%’\/l (srAvi Interface
RAM

Link
$--2 J Interface
00 Link
External n k Interface
Memory 32
Interface Event
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Table 2.1 IMS T800 system services

0
12 Power supply and return
2 ! External capacitor for internal clock power supply
% in Input clock
e gt in Processor speed selectors
" in System reset
out Error indicator
in Error daisychain input
#" in Error analysis
$ in Boot from external ROM or from link
(" ! in Disable internal RAM
o Must not be wired
Table 2.2 IMS T800 external memory interface
0
% out Processor clock
mox in/out Multiplexed data bit 0 and write cycle warning
[ in/out Multiplexed data bit 1 and refresh warning
" &+ in/out Multiplexed data and address bus
" out Read strobe
I"*$ &+ out Four byte-addressing write strobes
" &) out Five general purpose strobes
" out Dynamic memory refresh indicator
I in Memory cycle extender
" in Direct memory access request
"o out Direct memory access granted
"o - in Memory configuration data input
Table 2.3 IMS T800 event
0
Mo in Event request
" % out Event request acknowledge
Table 2.4 IMS T800 link
0
% &+ in Four serial data input channels
% &+ out Four serial data output channels
% " in Select non-standard speed as 5 or 20 Mbits/sec
% " in Select special speed for Link O
% '+ " in Select special speed for Links 1,2,3

"3, 4% " M 52 4"5 A " [t 446
. % to 786






+6'

+6'6

1911

) &
19

(9

I+



The use of prefix instructions has certain beneficial consequences. Firstly, they are decoded and executed
in the same way as every other instruction, which simplifies and speeds instruction decoding. Secondly, they
simplify language compilation by providing a completely uniform way of allowing any instruction to take an
operand of any size. Thirdly, they allow operands to be represented in a form independent of the processor
wordlength.

+6'6+ ",

The remaining function code, operate, causes its operand to be interpreted as an operation on the values
held in the evaluation stack. This allows up to 16 such operations to be encoded in a single byte instruction.
However, the prefix instructions can be used to extend the operand of an operate instruction just like any
other. The instruction representation therefore provides for an indefinite number of operations.

Encoding of the indirect functions is chosen so that the most frequently occurring operations are represented
without the use of a prefix instruction. These include arithmetic, logical and comparison operations such as
add, exclusive or and greater than. Less frequently occurring operations have encodings which require a
single prefix operation.

+6'6) 3"
Evaluation of expressions sometimes requires use of temporary variables in the workspace, but the number
of these can be minimised by careful choice of the evaluation order.

Table 3.2 Expression evaluation

x =0 Idc
stl

X o

X = #24 pfix
Idc
stl

X AN

X =y+z ld1
Idl
add
stl X

N¥<

+6'67 o, " # " -

Measurements show that about 70% of executed instructions are encoded in a single byte; that is, without
the use of prefix instructions. Many of these instructions, such as load constant and add require just one
processor cycle.

The instruction representation gives a more compact representation of high level language programs than
more conventional instruction sets. Since a program requires less store to represent it, less of the memory
bandwidth is taken up with fetching instructions. Furthermore, as memory is word accessed the processor
will receive four instructions for every fetch.

Short instructions also improve the effectiveness of instruction pre-fetch, which in turn improves processor
performance. There is an extra word of pre-fetch buffer, so the processor rarely has to wait for an instruction
fetch before proceeding. Since the buffer is short, there is little time penalty when a jump instruction causes
the buffer contents to be discarded.



3.3 Processes and concurrency

A process starts, performs a number of actions, and then either stops without completing or terminates
complete. Typically, a process is a sequence of instructions. A transputer can run several processes in
parallel (concurrently). Processes may be assigned either high or low priority, and there may be any number
of each (page 197).

The processor has a microcoded scheduler which enables any number of concurrent processes to be exe-
cuted together, sharing the processor time. This removes the need for a software kernel.

At any time, a concurrent process may be

Active Being executed.
- On a list waiting to be executed.

Inactive - Ready to input.
- Ready to output.
- Waiting until a specified time.

The scheduler operates in such a way that inactive processes do not consume any processor time. It allocates
a portion of the processor’s time to each process in turn. Active processes waiting to be executed are held
in two linked lists of process workspaces, one of high priority processes and one of low priority processes
(page 197). Each list is implemented using two registers, one of which points to the first process in the list,
the other to the last. In the Linked Process List figure 3.3, process S is executing and P, Q and R are active,
awaiting execution. Only the low priority process queue registers are shown; the high priority process ones
perform in a similar manner.

Figure 3.3 Linked process list

Table 3.3 Priority queue control registers

Function High Priority Low Priority
Pointer to front of active process list FptrO Fptrl
Pointer to back of active process list BptrO Bptrl

Each process runs until it has completed its action, but is descheduled whilst waiting for communication from
another process or transputer, or for a time delay to complete. In order for several processes to operate in
parallel, a low priority process is only permitted to run for a maximum of two time slices before it is forcibly
descheduled at the next descheduling point (page 201). The time slice period is 5120 cycles of the external
5 MHz clock, giving ticks approximately 1 ms apart.
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A channel between two processes executing on the same transputer is implemented by a single word in
memory; a channel between processes executing on different transputers is implemented by point-to-point
links. The processor provides a number of operations to support message passing, the most important being
input message and output message.

The input message and output message instructions use the address of the channel to determine whether
the channel is internal or external. Thus the same instruction sequence can be used for both, allowing a
process to be written and compiled without knowledge of where its channels are connected.

The process which first becomes ready must wait until the second one is also ready. A process performs an
input or output by loading the evaluation stack with a pointer to a message, the address of a channel, and
a count of the number of bytes to be transferred, and then executing an input message or output message
instruction. Data is transferred if the other process is ready. If the channel is not ready or is an external one
the process will deschedule.

+68 $ % /M

The block move on the transputer moves any number of bytes from any byte boundary in memory, to any
other byte boundary, using the smallest possible number of word read, and word or part-word writes.

A block move instruction can be interrupted by a high priority process. On interrupt, block move is completed
to a word boundary, independent of start position. When restarting after interrupt, the last word written is
written again. This appears as an unnecessary read and write in the simplest case of word aligned block
moves, and may cause problems with FIFOs. This problem can be overcome by incrementing the saved
destination (BreglntSavelLoc) and source pointer (CregintSavelLoc) values by BytesPerWord during the high
priority process.

+69 "

The transputer has two 32 bit timer clocks which ‘tick’ periodically. The timers provide accurate process
timing, allowing processes to deschedule themselves until a specific time.

One timer is accessible only to high priority processes and is incremented every microsecond, cycling com-
pletely in approximately 4295 seconds. The other is accessible only to low priority processes and is incre-
mented every 64 microseconds, giving exactly 15625 ticks in one second. It has a full period of approximately
76 hours.

Table 3.4 Timer registers

ClockO Current value of high priority (level 0) process clock
Ciockt Current value of low priority (level 1) process clock
TNextRegO Indicates time of earliest event on high priority (level 0) timer queue
TNextRegt Indicates time of earliest event on low priority (level 1) timer queue

The current value of the processor clock can be read by executing a load timer instruction. A process can
arrange to perform a timer input, in which case it will become ready to execute after a specified time has
been reached. The timer input instruction requires a time to be specified. If this time is in the ‘past’ then the
instruction has no effect. If the time is in the ‘future’ then the process is descheduled. When the specified
time is reached the process is scheduled again.



Figure 3.4 shows two processes waiting on the timer queue, one waiting for time 21, the other for time 31.

Figure 3.4 Timer registers
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The Processor Cycles column refers to the number of periods TPCLPCL taken by an instruction executing
in internal memory. The number of cycles is given for the basic operation only; where the memory code
for an instruction is two bytes, the time for the ! function (one cycle) should be added. For a 20 MHz
transputer one cycle is 50 ns. Some instruction times vary. Where a letter is included in the cycles column it
is interpreted from table 4.3.

Table 4.3 Instruction set interpretation

Ident Interpretation
b Bit number of the highest bit set in register  Bit O is the least significant bit.
m Bit number of the highest bit set in the absolute value of register
Bit O is the least significant bit.
n Number of places shifted.

Number of words in the message. Part words are counted as full words. If the message
is not word aligned the number of words is increased to include the part words at either
end of the message.

P Number of words per row.
Number of rows.

-

The DE column of the tables indicates the descheduling/error features of an instruction as described in
table 4.4.

Table 4.4 Instruction features

Ident Feature See page:
D The instruction is a descheduling point 201
E The instruction will affect the 1 flag 202, 216
F The instruction will affect the +( 1 flag 209, 202
4.1 Descheduling points

The instructions in table 4.5 are the only ones at which a process may be descheduled (page 196). They are
also the ones at which the processor will halt if the Analyse pin is asserted (page 215).

Table 4.5 Descheduling point instructions

" " 23 4
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The instructions in table 4.6 are the only ones which can affect the Error flag (page 216) directly. Note,
however, that the floating point unit error flag FP-Error is set by certain floating point instructions (page 202),
and that Error can be set from this flag by fpcheckerror.

Table 4.6 Error setting instructions

add add constant subtract

multiply fractional multiply divide remainder

long add long subtract long divide

set error testerr fpcheckerror

check word check subscript from 0 check single check count from 1

)6+ -

The instructions in table 4.7 are the only ones which can affect the floating point error flag FP.Error (page 209).
Error is set from this flag by fpcheckerror if FP.Error is set.

Table 4.7 Floating point error setting instructions

fpadd fpsub fpmul fpdiv
fpldnladdsn fpldnladddb fpldnimulsn fpldnimuldb
fpremfirst fpusqrtfirst fpgt fpeq
fpuseterror fpuclearerror fptesterror

fpuexpincby32 fpuexpdechby32 fpumulby?2 fpudivby2
fpur32tor64 fpur64tor32 fpucki32 fpucki64

fprtoi32 fpuabs fpint
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Table 4.10 IMS T800 long arithmetic operation codes

Operation Memory Processor
Code Code Mnemonic Cycles Name
16 21F6 ladd 2 long add
38 23F8 Isub 2 long subtract
37 23F7 Isum 3 long sum
4F 24FF Idiff 3 long diff
31 23F1 Imul 33 long multiply
1A 21FA Idiv 35 long divide
36 23F6 Ishl n+3 long shift left (n<32)
n-28 long shift left(n>32)
35 23F5 Ishr n+3 long shift right (n<32)
n-28 long shift right (n>32)
19 21F9 norm n+5 normalise (n<32)
n-26 normalise (n>32)
3 normalise (n=64)

Table 4.11 IMS T800 general operation codes

Operation Memory Processor

Code Code Mnemonic Cycles Name
00 FO rev 1 reverse
3A 23FA xword 4 extend to word
56 25F6 cword 5 check word
1D 21FD xdble 2 extend to double
4C 24FC csngl 3 check single
42 24F2 mint 1 minimum integer
5A 25FA dup 1 duplicate top of stack

Table 4.12 IMS T800 2D block move operation codes

Operation Memory Processor
Code Code Mnemonic Cycles Name
5B 25FB move2dinit 8 initialise data for 2D block move
5C 25FC move2dall (2p+23)*r 2D block copy
5D 25FD move2dnonzero (2p+23)*r 2D block copy non-zero bytes
5E 25FE move2dzero (2p+23)*r 2D block copy zero bytes

Table 4.13 IMS T800 CRC and bit operation codes

Operation Memory Processor
Code Code Mnemonic Cycles Name
74 27F4 crcword 35 calculate crc on word
75 27F5 crchyte n calculate crc on byte
76 27F6 bitcnt b+2 count bits set in word
77 27F7 bitrevword 36 reverse bits in word

78 27F8 bitrevnbits n+4 reverse bottom n bits in word

mm mQo



02
0A
81

34
3F
01

3B

4A

22
2B

4E
51

47
2E

mAB -

43
44

45

49
30

12
48

2F

#

F2

FA
28F1
23F4
23FF

23FB

24FA

#

22F2
22FB

24FE
25F1

24F7
22FE

#

F7
FB
FF
FE

24F3
24F4

24F5

24F9
23F0

21F2
24F8

22FF

Table 4.14 IMS T800 indexing/array operation codes

[
bsub
wsub
wsubdb
bent
went

b

sb

move

# v

ANNNWNR

2w+8

byte subscript

word subscript

form double word subscript
byte count

word count

load byte

store byte

move message

Table 4.15 IMS T800 timer handling operation codes

P
Idtimer
tin

talt
taltwt

enbt
dist

ao
2
30
4
4
15
48
8
23

load timer

timer input (time future)
timer input (time past)
timer alt start

timer alt wait (time past)
timer alt wait (time future)
enable timer

disable timer

Table 4.16 IMS T800 input/output operation codes

in

out
outword
outbyte

alt
altwt

altend

enbs
diss

resetch
enbe

disc

o

2w+19

2w+19
23
23

N

[ool¢) BRENENV]

input message
output message
output word
output byte

alt start

alt wait (channel ready)

alt wait (channel not ready)
alt end

enable skip
disable skip

reset channel

enable channel (ready)
enable channel (not ready)
disable channel

lvBvElviv]

o



@1

7

@
*
+&

@1

147
1@

4/

14+
14

@1
14
&4

4F

14
+4+
+4*
+4
+4F

-l>4>.;>©._
o

14
+4
14@
14
+4&

& I*

&/

& IF

1
@! 5
+
1
1 ) $
&
/ 1# %
+ 1#3 %
1
@! 5
/
/ 1
/
/]
/ 1 |
1
@! 5
$
$ /
1 #
1 #
/
# %
/ ((
/ ((
((
1
@! 5
]
& 9 I'H
& 9 ) I'H
/ |
/ I$
/ ) !
/ ) I $
/

%

%



10

&/

H =

— —

L B ]

< < < <

F44

F4

T T T

S 1
S111

- =
= O
—
— -
—
L B B B |
R

o3

" 45

A7

<8
9)

<7

F@

<

<

F@



Operation
Code

94
95
92
91

93
OE
OF

Table 4.25 IMS T800 floating point comparison operation codes

Memory
Code

29F4
29F5
29F2
29F1
29F3
S
S

Mnemonic

fpot

fpeq

fpordered
fpnan
fpnotfinite
fpuchki32
fpuchki64

Processor
Cycles

4/6
3/5
3/4
2/3
2/2
3/4
3/4

Processor cycles are shown as Typical/Maximum cycles.

Operation
Code

07
08
9D
96
98
9A
0D
Al

Name
fp greater than
fp equality
fp orderability
fp NaN
fp not finite
check in range of type int32
check in range of type int64

Table 4.26 IMS T800 floating point conversion operation codes

Memory
Code

S

S
29FD
29F6
29F8
29FA

S
2AF1

Mnemonic
fpur32tor64
fpur64tor32
fprtoi32
fpi32tor32
fpi32tor64
fpb32tor64
fpunoround
fpint

Processor
Cycles

3/4
6/9
7/9
8/10
8/10
8/8
2/2
5/6

Processor cycles are shown as Typical/Maximum cycles.

Operation
Code
87
89
8B
8C
OB
8F
90
01
02
03
0A
09
12
u

Name
real32 to real64
real64 to real32
real to int32
int32 to real32
int32 to real64
bit32 to real64
real64 to real32, no round
round to floating integer

Table 4.27 IMS T800 floating point arithmetic operation codes

Memory
Code
28F7
28F9
28FB
28FC

S
28FF
29F0

s

nw nun n onon

Mnemonic
fpadd
fpsub
fpmul
fpdiv
fpuabs
fpremfirst
fpremstep
fpusqrtfirst
fpusqrtstep
fpusqrtlast
fpuexpinc32
fpuexpdec32
fpumulby2
fpudivby2

Processor cycles

Single
6/9
6/9

11/18
16/28
2/2
36/46
32/36
27129
42/42
8/9
6/9
6/9
6/9
6/9

Processor cycles are shown as Typical/Maximum cycles.

Double Name
6/9 fp add
6/9 fp subtract
18/27 fp multiply
31/43 fp divide
22 fp absolute
36/46 fp remainder first step
32/36 fp remainder iteration
27/29 fp square root first step
42/42 fp square root step
8/9 fp square root end
6/9 multiply by 23
6/9 divide by 2
6/9 multiply by 2.0
6/9 divide by 2.0
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6 System services

System services include all the necessary logic to initialise and sustain operation of the device. They also
include error handling and analysis facilities.

6.1 Power

Power is supplied to the device via the VCC and GND pins. Several of each are provided to minimise
inductance within the package. All supply pins must be connected. The supply must be decoupled close to
the chip by at least one 100 nF low inductance (e.g. ceramic) capacitor between VCC and GND. Four layer
boards are recommended; if two layer boards are used, extra care should be taken in decoupling.

Input voltages must not exceed specification with respect to VCC and GND, even during power-up and power-
down ramping, otherwise latchup can occur. CMOS devices can be permanently damaged by excessive
periods of latchup.

6.2 CapPlus, CapMinus

The internally derived power supply for internal clocks requires an external low leakage, low inductance V F
capacitor to be connected between CapPlus and CapMinus. A ceramic capacitor is preferred, with an
impedance less than 3 Ohms between 100 KHz and 10 MHz. If a polarised capacitor is used the negative
terminal should be connected to CapMinus. Total PCB track length should be less than 50 mm. The
connections must not touch power supplies or other noise sources.

veech
CapPlus P.C.B. track
[ .
Phase-locked dI: D;cpo;g!g}g
loops
________ PR | UF
CapMinus P.C.B. track
GND -Q-

Figure 6.1 Recommended PLL decoupling

6.3 Clockin

Transputer family components use a standard clock frequency, supplied by the user on the Clockin input.
The nominal frequency of this clock for all transputer family components is 5 MHz, regardless of device type,
transputer word length or processor cycle time. High frequency internal clocks are derived from Clockin,
simplifying system design and avoiding problems of distributing high speed clocks externally.

A number of transputer devices may be connected to a common clock, or may have individual clocks providing
each one meets the specified stability criteria. In a multi-clock system the relative phasing of Clockin clocks
is not important, due to the asynchronous nature of the links. Mark/space ratio is unimportant provided the
specified limits of Clockin pulse widths are met.

Oscillator stability is important. Clockln must be derived from a crystal oscillator; RC oscillators are not
sufficiently stable. Clockln must not be distributed through a long chain of buffers. Clock edges must be
monotonic and remain within the specified voltage and time limits.
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state, and the register points to < (page 217).

Table 6.3 Reset and Analyse

SYMBOL PARAMETER MIN NOM MAX UNITS NOTE
TPVRH Power valid before Reset 10 ms

TRHRL Reset pulse width high 8 Clockin 1
TDCVRL Clockin running before Reset end 10 ms 2
TAHRH Analyse setup before Reset 3 ms

TRLAL Analyse hold after Reset end 1 Clockin 1
TBRVRL BootFromRom setup 0 ms

TRLBRX BootFromRom hold after Reset 0 ms 3
TALBRX BootFromRom hold after Analyse 3

Notes
1 Full periods of Clockin TDCLDCL required.
2 At power-on reset.

3 Must be stable until after end of bootstrap period. See Bootstrap section.

Clockin 2N ST YTTTriiTT
L

. TOORL
VCC
TPVRH h TRHRL
Reset VA \ v
A TBRWRLH TREBRX 1L q
BootFromRom 7 ) R

Figure 6.4 Transputer reset timing with Analyse low

Figure 6.5 Transputer reset and analyse timing
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7 Memory

The IMS T800 has 4 Kbytes of fast internal static memory for high rates of data throughput. Each internal
memory access takes one processor cycle ProcClockOut (page 219). The transputer can also access
4 Gbytes of external memory space. Internal and external memory are part of the same linear address
space. Internal RAM can be disabled by holding DisableIntRAM high. All internal addresses are then
mapped to external RAM. This pin should not be altered after Reset has been taken low.

IMS T800 memory is byte addressed, with words aligned on four-byte boundaries. The least significant byte
of a word is the lowest addressed byte.

The bits in a byte are numbered 0 to 7, with bit O the least significant. The bytes are numbered from 0, with
byte O the least significant. In general, wherever a value is treated as a number of component values, the
components are numbered in order of increasing numerical significance, with the least significant component
numbered 0. Where values are stored in memory, the least significant component value is stored at the
lowest (most negative) address.

Internal memory starts at the most negative address #80000000 and extends to #80000FFF. User memory
begins at #80000070; this location is given the name <

The reserved area of internal memory below < is used to implement link and event channels.

Two words of memory are reserved for timer use, (>, for high priority processes and ( > for low
priority processes. They either indicate the relevant priority timer is not in use or point to the first process on
the timer queue at that priority level.

Values of certain processor registers for the current low priority process are saved in the reserved  # >
locations when a high priority process pre-empts a low priority one. Other locations are reserved for extended
features such as block moves and floating point operations.

External memory space starts at #80001000 and extends up through #00000000 to #7FFFFFFF. Memory
configuration data and ROM bootstrapping code must be in the most positive address space, starting at
#7FFFFF6C and #7FFFFFFE respectively. Address space immediately below this is conventionally used for
ROM based code.



711

97
9°?
97
97
97
97
Al 97

2?1

"?6

\l@)'m

?$
?$
?2$/
?$
?% 6
?%$ 6
?%$/6
?%$ 6

4" v 3
nowg ge

Al

N*444444
N*444444
N*44444'@
N
N [ 3 I'(N&
N * N/@
N '@ 5
N &
N &&
N &
N @
N
N &
N
N
N
N & Q5 /
N N
N / N *
N / N*
N /& N +
N / N &
N N
N N
N & N/
N Q #7 1% N

4 */ !
# 0" o 4 6 " # 4" R
#("" (- - G #"2 -"'TH6

Transputer Instruction Set &A Compiler Writers’ Guide.

?$
?$
2%/
?$
?$ 6
?$ 6
?%$/6
?% 6



? 3" & ""

3 ! # % ) 11 G 1
) 6 1"6 1 L
1 16 1 1) 9 ! 1
I* ) 11 # %
H G )
26 %
$ 191 $G ) 191 % 6
H 11 G 1 1091
M 0 3
) % 2 % 1 3
$ 9 1 6 1 1 1 #61 %
9 11 1 16 G 3 NN
9 3 ! 1 % I G<B7N  H2 1
% 6
1 9 3 ! 1) 1 % 6
1G )9 G $) 1) 1 9 $)1 1
) 1 ) % 1 1 1 G)
) 9 9 )
1) H 1G 3 1
% 1 11 $) 1 1 %)
&
) 1 F8 1 8
1 1 1 11 )
1
26'
3 1 1911 3 ") ) K
11 1 91
1 1 1 91
+ -1 y 11
) 31 1
+ -1 ) 1
8 1
B1 1 L 1 G 1
! 1 1 3 1
) 3 ! 1 )-6
1) 3111 1111 3 ! 1)
3 L )! 1
1) 1 % 6 1H
G 3 1 )y 111 1 8

1)

)!
11



a rising edge of ProcClockOut. This period is designated E in configuration diagrams (figure 8.11).

Table 8.1 ProcClockOut

SYMBOL PARAMETER MIN NOM MAX UNITS NOTE

TPCLPCL  ProcClockOut period a-2 a a+2 ns 15

TPCHPCL ProcClockOut pulse width high b-11.5 b b+3.5 ns 25

TPCLPCH  ProcClockOut pulse width low c ns 3,5

m ProcClockOut half cycle b-1 b b+l ns 25

TPCstab ProcClockOut stability 8 % 45
Notes

1 aisTDCLDCL/PLLXx.
2 b is 0.5*TPCLPCL (half the processor clock period).
3 c is TPCLPCL-TPCHPCL.

4 Stability is the variation of cycle periods between two consecutive cycles, measured at corresponding points on
the cycles.

(&3]

This parameter is sampled and not 100% tested.

8.3 Internal access

During an internal memory access cycle the external memory interface bus MemAD2-31 reflects the word
address used to access internal RAM, MemnotWrDO reflects the read/write operation and MemnotRfDI is
high; all control strobes are inactive. This is true unless and until a memory refresh cycle or DMA (memory
request) activity takes place, when the bus will carry the appropriate external address or data.

The bus activity is not adequate to trace the internal operation of the transputer in full, but may be used for
hardware debugging in conjuction with peek and poke (page 215).

ProcClockOut y \
MemnotWrDO Write / Read Read
MemnotRfDI n

MemAD2-31 Address "X Address Address

Figure 8.2 IMS T800 bus activity for internal memory cycle
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Figure 8.4 IMS T800 external read cycle: dynamic memory



SYMBOL \y PARAMETER MIN NOM MAX UNITS NOTE
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11 1 6 b-8 b b+8
6 )1 ) c-5 c+6
1 6 -4 4
5 1 6 d-1 d+9 4,6
9 1 6 1 e-8 e+4 5,6
111 6 -6 f+5 7
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/ 1 6 1 -4 7
111 6 -6 f+5 7
7 1 6 c5 C+7
/) 1 6 1 -4 7
& &1 11 6 -6 f+5 7
8 & 1 6 c-5 C+7
/ & 1 6 1 -4 7
@ 3 Il g 8

a is T1 where T1 can be from one to four periods Tm in length.
b is T2 where T2 can be from one to four periods Tm in length.

c istotal of T2+T3+T4+Twait+T5 where T2, T3, T4, T5 can be from one to four periods Tm each in length and
Twalt may be any number of periods Tm in length.

d can be from zero to 31 periods Tm in length.
e can be from -27 to +4 periods Tm in length.

If the configuration would cause the strobe to remain active past the end of T6 it will go high at the end of T6.
If the strobe is configured to zero periods Tm it will remain high throughout the complete cycle Tmx.

f can be from zero to 31 periods Tm in length. If this length would cause the strobe to remain active past the
end of T5 it will go high at the end of T5. If the strobe value is zero periods Tm it will remain low throughout
the complete cycle Tmx.

g is one complete external memory cycle comprising the total of T1+T2+T3+T4+Twait+T5+T6 where T1, T2,
T3, T4, T5 can be from one to four periods Tm each in length, T6 can be from one to five periods Tm in length
and Twalt may be zero or any number of periods Tm in length.
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In the write cycle timing diagram ProcClockOut is included as a guide only; it is shown with each Tstate
configured to one period Tm. The strobe is inactive during internal memory cycles.
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Figure 8.9 IMS T800 internal configuration



8.10.2  External configuration
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Internal configuration External configuration
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Figure 8.12 IMS T800 external configuration scan
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% ",

The IMS T800 can be operated with memory refresh enabled or disabled. The selection is made during
memory configuration, when the refresh interval is also determined. Refresh cycles do not interrupt internal
memory accesses, although the internal addresses cannot be reflected on the external bus during refresh.

When refresh is disabled no refresh cycles occur. During the post-Reset period eight dummy refresh cycles
will occur with the appropriate timing but with no bus or strobe activity.

A refresh cycle uses the same basic external memory timing as a normal external memory cycle, except that

it starts two periods before the start of 6 If a refresh cycle is due during an external memory access,
it will be delayed until the end of that external cycle. Two extra periods (periods  in the diagram) will
then be inserted between the end of 8 of the external memory cycle and the start of of the refresh cycle
itself. The refresh address and various external strobes become active approximately one period before
6 Bus signals are active until the end of 2 whilst !" | remains active until the end of 86

For a refresh cycle, I" goes low before !" | goes low and !I" * goes high with
the same timing as !" , 6 All the address lines share the same timing, but only !" '& give
the refresh address. !" '&+< stay high during the address period, whilst !" + remains low.
Refresh cycles generate strobes !" &) with timing as for a normal external cycle, but !" and

I"*$ &+ remain high. !"* operates normally during refresh cycles.

Table 8.10 Memory refresh

o's ! ! ! 1>

TRfLRfH Refresh pulse width low &' @= ns 1

TRaVSOL Refresh address setup before notMemSO (&' ns

TRfLSOL Refresh indicator setup before notMemSO (&) ( (@8 ns 2
3@ 6

" ( @ 54" ¢, " "-46
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13.2 84 lead quad cerpack package

The leads are unformed to allow the user to form them to specific requirements.
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Figure 13.3 IMS T800 84 lead quad cerpack package pinout

153 MemReq

352 MemGranted
351 MemWait
350 notMemRf
349 notMemWrB3
348 notMemWrB2
347 notMemWrBI
346 notMemWrBO
345 notMemRd
344 notMemSO
343 VCC

342 notMemS4
341 notMemS3
340 notMemS2
339 notMemSil
338 GND

337 MemnotWrDO
336 MemnotRfDI
135 MemAD2

334 MemAD3

333 MemAD4






14 Ordering

This section indicates the designation of speed and package selections for the various devices. Speed of
Ciockln is 5 MHz for all parts. Transputer processor cycle time is nominal; it can be calculated more exactly
using the phase lock loop factor PLLX, as detailed in the external memory section.

For availability contact local INMOS sales office or authorised distributor.

INMOS
designation

IMS T800-G17S
IMS T800-G20S
IMS T800-G25S
IMS T800-G30S

IMS T800-G17M
IMS T800-G20M

IMS T800-Q17M
IMS T800-Q20M

Table 14.1 IMS T800 ordering details

Processor
clock speed

17.5 MHz
20.0 MHz
25.0 MHz
30.0 MHz

17.5 MHz
20.0 MHz

17.5 MHz
20.0 MHz

Processor
cycle time

57 ns
50 ns
40 ns
33 ns

57 ns
50 ns

57 ns
50 ns

PLLx

3.5
4.0
5.0
6.0

3.5
4.0

3.5
4.0

Package
Ceramic Pin Grid
Ceramic Pin Grid
Ceramic Pin Grid
Ceramic Pin Grid

Ceramic Pin Grid MIL Spec
Ceramic Pin Grid MIL Spec

Quad Cerpack MIL Spec
Quad Cerpack MIL Spec

The timing parameters in this datasheet are based on full characterisation of the 17 MHz and 20 MHz
parts. Data for higher speeds is based on tests on a limited number of samples and may change when full

characterisation is completed.



