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1 Introduction

December 2, 1986

This technical note describes the IMS B006 evaluation board. The B006
board enables the user to evaluate multiple transputers. It is a double
extended eurocard containing nine T212 transputers when fully populated,
one of the T212’s is referred to as the master transputer and the rest as

modules (numbered TO ... T7).

The T212 transputer is a 16 bit programmable VLSI device, made up of a
single level microcoded processor, four serial point to point communication
links, 2Kbytes of fast static ram and an external memory interface.

The external requirements for the master transputer are 7TKbytes of EPROM,
1Kbyte of peripheral address space, 54Kbytes of RAM and an RS232 inter-
face.

The eight modules are configured in two squares with two links from each
transputer brought to the edge connector as shown in figure 1. However one
module (T0) can be fully isolated since all the links from module TO are
brought to the top and bottom edge connectors and the square is completed
via the use of link jumpers (many other configurations are also possible).
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Figure 1: BO06 configuration

The interface from the B006 is via two 96 way DIN 41612 edge connectors,
as shown in figure 2. The bottom edge connector is a simple superset of
edge connectors used by other INMOS evaluation boards. The top edge
connector is specially made to cater for 32 INMOS link cable sockets.
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Figure 2: Edge Connectors

2 Multi transputer evaluation

The eight modules as shown before are connected in two squares, with links

2 and 3 of each transputer connecting them in squares.

The eight transputer modules are reset or analysed from the down or sub-
system of the master transputer which is controlled by a switch on the board

as shown in figure 3.
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Transputer, DUART, ROM Transputer, DUART, ROM
and RAM and RAM
A A
v v v
Down Subsystem Down Subsystem

One board can control a subsystem of an arbitrary number of other boards.
This is achieved with three sockets on the bottom edge connector, which are

Figure 3: Control options




referred to as UP, DOWN and SUBSYSTEM. Figure 4 below shows a board
at the top with its subsystem socket wired to the up socket of the board
below. Subsequent boards are daisy chained by wiring the down socket of
one board to the up socket of the board below. Each board in a subsystem
can control a further subsystem.
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Down system

Up ; :
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Sub- : Up
Down system Sub-
A Down  gystem Sub-
............ Down  system
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Down  system i Sub-
i i Down  system Sub-
Down  system

Figure 4: Control cascading

The notReset and notAnalyse signals flow in the direction of the arrows
shown in figure 5 and the notError signal flows in the reverse direction from
down to up.

Up Switches
and Error LED

Local
Trans-}  power-on

Down Subsystem

Figure 5: Signal flow



3 Module

3.1 Module

The module described here conforms to the INMOS 16 pin module specifi-
cation. The specification requires the modules to have the standard pinout
as shown in figure 6, link protection from electrostatic discharge (ESD) of
up to 2KV and the 16 pin module size (3.5" x 1.05’). The ESD test on the
module meets MIL-standard 883B and method 3015.1.
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Figure 6: Circuit diagram and pinout of module

The static ram used on the module has an access time of 25ns. The reason
for using such fast static ram was to enable the use of fast transputers
(T212-20) working full speed, that is without the use of wait states. The
overhead of the chip enable (notMemCE) output delay and the data setup
time is half a processor cycle, therefore ram access times of less than 37.5ns
are needed. The 25ns ram used will eventually allow the use of T212-22
transputers when available. The timing diagram below shows the margin
required to access external memory without wait states.



T212 Word Write cycle:

I 1st processor cycle l2nd processor cycle |

| = | m= | 1 | T |
ProcClockOut N\—/—
MemAO-15 X X
notMemCE t 1 N\
K 62.5ns v
notMemWrBO-1 N\ /
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T212 Word Read Cycle:

I 1st processor cycle |2nd processor cycle |

| = | 12| 73 | T |
ProcClockOut __/-_\__/—_\___/—
MemAO-15 4X X
notMemCE r N\
62.5ns

notMemWrBO-1 /

The use of a single bank of memory assisted in avoiding decoding delays and
also helped reduce capacitance on the address lines, which could add to the
margin required to access the memory without any wait states.

The module consists of a T212-20 and 8Kbytes of fast static RAM. The
logic for each complete module is shown in figure 6. The RAM is provided
by four 4kx4 static rams. Apart from the RAM and Transputer there are
a few discrete components for the links, for error and for decoupling.

3.2 Module Links

The links of all the module transputers are capable of operating at speeds of
10 or 20 Mbits/s. The link speed selection can be performed by two switches
provided on the board.

Links 2 and 3 of each module transputer except T0 are connected on the
board and have a simple termination on the linkout signals. The termination
resistor of 47 ohms, combined with the output impedance of the linkout
circuit, gives a termination impedance of approximately 100 ohms.



Links 0 and 1 of all the module transputers, which are brought to the edge
connector, also have 47 ohm resistors on the link outputs. The link inputs
also need pull down resistors in case a link is not connected. The link inputs
are more sensitive to electrostatic discharge (ESD) than the link outputs,
and so the link inputs which connect to the edge connector are protected by
schottky diodes; with the diodes the transputer can withstand ’zap’ tests of
up to 2kV without damage. The link circuit is shown in figure 7.

% IMS T212
Module Pin OFH— Linkin LinkOu "’—-{ﬂb————{l Module Pin

I

Figure 7: Link circuit

3.3 Module Error

The error output produced by the transputer is active high, which is suit-
able when there is one transputer on board but causes extra wiring and
logic if there are many transputers on a board. To simplify the wiring, a
notErrorWiredOR signal is generated by a resistor and transistor, as shown

in figure 8.
notErrorWiredOR
Transputer
Error
GND

Figure 8: Error circuit

3.4 Module Decoupling

The power supply decoupling for the RAM and transputer is provided by
surface mounted capacitors that are close to the components to provide good
decoupling. In addition to the power supply decoupling a further capacitor
is needed between CapPlus and CapMinus to decouple an internal power
supply used by the phase locked loop/clock multiplier. A 1uF tantalum
capacitor is used for this purpose.



4 Master Transputer

4.1 Master Transputer

The master transputers is composed of three main elements:

1. A transputer with some external RAM and EPROM.
2. An RS232 interface.

3. A peripheral interface to allow the board to be used with other similar
boards supplied by INMOS.

A block diagram of the master transputer is shown in figure 9.

reset —:_k reset
analyse analyse

DOWN error
error  @——| UP RS232 interface
54Kbytes
IMS T212 SRAM 7Kbytes
| ™
Protected
links | reset
SubSystem analyse
arror

Figure 9: Block diagram of the master transputer

The T212 sixteen bit transputer has 2Kbytes of memory internally and can
access a 62Kbyte access space externally. The memory map of the transputer
is signed, with the internal memory starting at the most negative address
(HEX 8000 to HEX 87FF). The external memory starts at HEX 8800.

The B006 board provides 54Kbytes of external RAM, 7Kbytes of EPROM
and 1Kbyte of peripheral access space, which provides the system control
signals, to give the user the possibility of connecting and controlling a num-
ber of INMOS transputer boards together.

4.2 Memory

This is a simple synchronous design with the memory decode signal enabling
the memory and the noWriteEnable[0:1] strobes, driving their respective
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arrays to select read/write cycles. The address bus from the transputer is
buffered by two F245’s which are permanently enabled.

The external RAM has a simple fast decode, provided by a multiplexor with
an access time of 9ns worst case as shown in figure 10. The access time
for the external RAM is 45ns and because of the load on the address bus,
the address bus is buffered. A combination of these factors means that the
external memory interface has the addition of one wait state, when accessing
the external RAM.

notCE

I
[T o= ]

10 |

A3 T S0 11214 15 16 )3 £
A14D—S1 F151 lGND
A15 F————]S2

Y

notRamCE

Figure 10: RAM decode circuit

4.3 Address decode for ROM and peripherals

The logic for address decode for the ROM and peripherals were implemented
in PAL logic. In the design description, that logic is described in terms of
the programming language used by the CUPL (universal compiler for pro-
grammable logic) programming system (available from Assisted Technology
for personal computers).

The address decoding is performed by a 16L.8 PAL as shown in figure 11,
with an access time of 15ns worst case.

A12[0— P AL — vcc
AL 16L8 —{1 notscoM

a8 O— —{J notPAL
A130— 1 notROM
Al4}— — wait 1
A15[F— 1 wait 4
A10 O— O wait 7
Al O F—{1 notDuart
A9 [ —{] ByteAcc
GND [0— —1 notCE

Figure 11: Address Decode PAL (16L8) circuit
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The address map of the master transputer is shown below:

7TFFF | Top of EPROM
TKbytes
6400 | Bottom of 7Tk-bytes of EPROM
6200 | RS232 data: bit DO is received data from
D type socket (terminal),
bit D1 is received data from
plug (host computer) for autobaud 1Kbyte
6101 | Subsystem latch in PAL: DO read = Error; peripheral
DO write = Analyse address
6100 | Subsystem latch in PAL: DO write = Reset space
(write a ’1’ to assert Reset)
6000 | DUART registers byte mapped (Byteaccess-high)
5FFF | Top of external RAM
54Kbytes
8800 | Bottom of 54k-bytes external RAM with T212
87FF | Top of on-chip RAM for T212
2Kbytes
8000 | Bottom of 2k-bytes on-chip RAM

The address decode PAL is enabled by the notCE strobe. The PAL performs
the functions:

1. Address decoding for the EPROM, peripherals and subsystem control
PAL.

2. Wait state selection.

3. The type of access: byte wide or word wide.

4.4 Wait state generator

Memory cycles can be extended indefinitely by asserting the wait pin on the
transputer high at the correct time. The wait pin signal is sampled during
the first processor cycle of the memory access. If it is found to be high,
processor cycles are added to the memory access until subsequent sampling
detects the wait pin signal to be low, at which time the memory access
proceeds normally.

The wait state generator here consists of a simple digital delay line, as shown
in figure 12 which is cleared until the notCE strobe becomes asserted and
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thereafter clocks a high through the register. The output of the shift register
that goes to the wait pin of the transputer is selected by a 8x1 multiplexor
whose output is determined by three wait selection lines from the decode pal.
This provides us with a cycle by cycle programmable wait state generator
and thus the devices in the system can operate at their own rate.

oz >0
|

ProcClockOut r_1——> F164

Qo

il

Wait7 [}———]s0 10
Wait 4 [————{S1 F151

T

Wait 1 O———S2
Y

Wait Pin

Figure 12: Circuit diagram of wait state generator

Note from the timing diagram:

1. Whatever the address the F164 R pin has been reset, so the wait input

is asserted.

2. The shift register is clocked by ProcClockOut immediately following
the sampling of the wait input. This maximises the available time
from ProcClockOut to the wait input needing to be valid.

Single wait timing diagram:

| T1 | T2 | Wl | Wl T3 I T4 I
ProcClockOu
*Wait sampled Mait sampled
notMemCE ﬁ
MemWailt : : _{ f i / \\
¥ (Wait signal from F151) AN
R (input to F164) N\
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4.5 EPROM
The EPROM circuit is simple with the notCE strobe and notROM address

decoded signal, controlling the data output from the EPROM. The EPROM
contains a monitor and self test software.

4.6 DUART

The DUART (SCN2681) enables the master transputer to have an RS232
interface. Figure 13 shows the DUART circuit.
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HCTo4 HCTo4
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[0:7) o
EN RI
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- ] e .
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> ::: MAX232 HoST He
WAN, Foo N2 F374 o5 =) H2
o D6 RXA .
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TERMINAL
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d
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05 o tWE[Q
ot — WAN NotWE[0]
_— s
A F112 | Voo o
2Kf——pvee
| RDN HCTos
o ce < F10 4

—oq—u notDuart

2J—{ aNp

Figure 13: DUART Circuit diagram

The DUART cannot be directly interfaced to the T212 working at full speed.
This is because the T212 turns round the bus within 50ns after notCE
becomes deasserted in the last cycle. We must thus buffer the DUART
databus and control the buffer with the DUART enable strobe notDuart,
generated by the address decode PAL (16L8).

However we can still get bus contention between the buffer (F244) and the
DUART if a write cycle occurs immediately after a read cycle. We get
around this problem by delaying the start of the cycle as far as the DUART
is concerned. This delay together with the delay required for the read (RDN)
and write (WRN) strobes, results in a T212 memory cycle with seven wait
states.

Another problem is the data hold time required by the DUART (20mns), for
this the databus is split into a driver (F244) and a receiver (F374) which

14



latches the data.

The driver is enabled by RDN. The input data buffer (F374) is clocked when
data is valid and enabled from when WRN is asserted via a JK-flipflop, until
it is disabled by RDN being asserted to avoid bus contention.

The actual RDN and WRN strobes are decoded from the notDuart and
notWE[0] with the Q3 output from wait state generator by two NAND
gates.

5 Conclusion

The IMS B006 shows that a high performance multi-processor system can be
designed using transputers. The board will allow the user to exploit concur-
rency and can be programmed in most high level languages. To gain most
benefit from the transputer architecture, the high level language, occam
can be used. Occam provides a framework for designing concurrent sys-
tems using transputers in just the same way that boolean algebra provides
a framework for designing electronic systems from logic gates.
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A Supplement

A.1 16L8 PAL logic equations and pin assignment

In these PAL equations, the notation used is that of CUPL!:

I implies negation
& implies logical AND
# implies logical OR

PARTNO IC3
NAME Decodel
Target Device Type : 16L8

PIN 1 = A12 ;
PIN 2 = A1l ;
PIN 3 = A8 ;
PIN 4 = A13 ;
PIN 5 = Al4 ;
PIN 6 = Al15 ;
PIN 7 = A10 ;
PIN 8 = Al ;
PIN 9 = A9 ;
PIN 11 = notCE ;

PIN 12 = ByteAcc ;
PIN 13 = notDuart ;
PIN 14 = Wait7 ;
PIN 15 = Wait4 ;
PIN 16 = Waitl ;
PIN 17 = notROM ;
PIN 18 = notPAL ;
PIN 19 = notSwCom ;

FIELD addr = [A15..8] ;

'notROM = InotCE & addr: [6400..7FFF];
InotSwCom = 'notCE & addr:[6200];
'notPAL = 'notCE & addr:[6100];

'notDuart = 'notCE & addr:[6000];

ByteAcc = addr: [6400..7FFF];
Waiti = addr: [6000. .63FF];
Waitd = addr: [6000..7FFF];
Wait7 = addr: [6000. .63FF];

!CUPL is the PAL programming language supplied by P-CAD systems, using the stag
PAL programmer
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A.2 Component side foil of IMS B006

[ XXX XYY Y]

LYY YT Y Y%
-
D

HOO-QCOQQOQW3

T x 3
Tojelelele e

leccee

eeccccee
0e?

17



A.3 Solder side foil of IMS B006
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A.4 Component and solder side foil of module
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