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7.2.7 Mechanical and Thermal details 

The IMS 8100 is designed in accordance with the VMEbus standard[3]. The overall size of the board is 
160mm by 233.35mm with a board thickness of 1.6mm. The supplied front panel width is 4HP, compatible 
with a board-to-board pitch in a card cage of 0.8". Use of the IMS 8100 with HTRAMs of height classes 
A and 8 results in an assembly that meets the VMEbus specification for a single width board. Note the 
front panel is required when operating the IMS 8100 in a card cage, both for mechanical rigidity and to 
maintain correct air flow for cooling. 

Adequate air cooling must be provided to ensure that components and HTRAMS are kept within their oper
ating temperature. Failure to do so may affect the reliability of the motherboard and associated HTRAMS. 
Air flow should run parallel to the board surface and parallel to the front panel. 

7.2.8 Operating Ranges 

Functionality is not guaranteed outside the Operating Ranges. Operation beyond the Operating Ranges 
is not recommended and may affect device reliability. 

Parameter Min. Typ. Max. Unit 

Operating temperature 

Airflow 

+5VDC 

Power consumption (+5V DC) 

0 

T8D 

4.875 

2 

50 

5.25 

TBD 

QC 

m/s 

V 

W 

Table 5.2 Operating Ranges 

7.2.9 Absolute Maximum Ratings 

Functionality at or above these limits is not implied. Stresses beyond the Absolute Maximum Ratings may 
cause permanent damage. 

Parameter Min. Max. Unit 

Storage temperature 0 70 QC 

Supply Voltage 0 7.0 V 

Table 5.3 Absolute Maximum Ratings 

7.3 Ordering Information

Please contact your local sales office or distribution representative for ordering information.

Description Order Number 

HTRAM motherboard IMS 8100-1 

Table 5.4 Ordering information 

In addition to the motherboard, an IMS 8100 user manual and 5 OS-Link cables (0.5m long) are supplied. 

7.4 Field Support 

INMOS products are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology 
Centers, and authorized distributors. 
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7.5 References 

T9000 Transputer Hardware Reference Manual, INMOS Ltd 1993

2 T9000 Brochure, INMOS Ltd 1993

3 IEEE Standard for a Versatile Backplane Bus: VMEbus, IEEE 1987

4 The Transputer Development and iq systems Databook INMOS Ltd (72-TRN-219-01) 
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A.1 Introduction 

HTRAMs (High performance TRAnsputer Modules) are small assemblies of transputers and other cir
cuitry. They have a simple interface, and are designed to be easy to connect together to perform a wide 
variety of computational and interface tasks, in hosted or embedded systems. 

HTRAMs provide a simple means of building IMS T9000 based single and multi-processor systems. A 
typical HTRAM system consists of a number of HTRAMs initialized and bootstrapped from a common 
source, via their control and data links. 

The circuitry on an HTRAM may consist simply of a transputer and a high performance memory system, 
but may also include some kind of interface or special purpose circuitry. A typical interface might be a disk 
interface, LAN interface, or graphics display driver. Systems are constructed from HTRAMs simply by 
selecting the appropriate HTRAMs and plugging them into suitable motherboards. 

This standard defines the electrical interface, mechanics, environmental requirements, and system 
behavior of HTRAMs. 

A.2 Interface Signals 

A.2.1 Clkln 

All HTRAMs must be provided with a nominal 5MHz clock as specified by Figure A.1 and Table A.1. An 
HTRAM must present no more than one TTL load to Clkln: if the clock is required by more than one device 
it must be buffered. Clkln must be received by a device with true TTL input thresholds: devices with CMOS 
input thresholds must not be used. 

tCHCL tf tr 
-, ~

Clkln J \ lr-If 
I- ·1tCHCH 

Figure A.1 Clkln Timing 

It is recommended that motherboards should drive Clkln as specified by Table A.1 , to ensure that Clkln 
can be received by devices operating on either 5.0V or 3.3V. It is possible to receive these signals with 
bipolar TTL (e.g. F series), or with 3.3V CMOS devices, or with most BiCMOS TTL families, and with a 
wide range of PLDs. FCTCT or FBT devices are suitable for driving Clkln. 

Symbol Min. Typ. Max. Units Notes 

VIL 

VIH 

tCHCH 

tCHCL 

tRV 

tr 

tf 

-0.5 

2.0 

90 

TBD 

2 

2 

200 

100 

0.8 

3.5 

110 

10 

10 

V 

V 

ns 

ns 

ns 

ns 

ns 

1 

2 

Notes: 

Clkln tolerance is ± 100ppm. 

2 Minimum Reset pulse width is with Clkln stable and running. 

Table A.1 Clkln and Reset 
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A.2.2 Reset 

A system reset input which is intended to be used as a level 0 reset for any T9000 architecture devices 
on the HTRAM; may also be used to reset any peripheral or control circuitry on the HTRAM. Minimum 
Reset pulse width (tRV) is specified by Table A.1 . Reset is not guaranteed to become active with power 
up. 

I elkln Stable 

Clkln 

--,---_tRV------'Ltr1I- _tRV-------,-1 ~ tlr---

Reset ~ I 

Figure A.2 Reset Timing 

An HTRAM must present no more than one TTL load to Reset: if it is required by more than one device 
it must be buffered. Reset must be received by a device with true TTL input thresholds: devices with 
CMOS input thresholds must not be used. 

It is recommended that motherboards should drive Reset as specified by Table A.1 , to ensure that Reset 
can be received by devices operating on either 5.0V or 3.3V. It is possible to receive these signals with 
bipolar TTL (e.g. F series), or with 3.3V CMOS devices, or with most BiCMOS TTL families, and with a 
wide range of PLOs. FCTCT or FBT devices are suitable for driving Reset. 

A.2.3 OS-Link signals 

The HTRAM interface includes two control links and a number of data links. Each link consists of a group 
of four signals (Din, Sin, DOut, SOut) which carry a single OS (data-strobe) link as defined in the T9000 
Transputer Hardware Reference MantJal [1]. Note that the Oln pins on HTRAMs should be connected to 
the Oln pins of the T9000 architecture device on the HTRAM; and Sin to Sin, OOutto OOut, SOutto SOut. 

The OS-Link inputs must present a high impedance load, and must have TTL input thresholds. The 
OS-Link input pins of INMOS silicon devices may be used directly, but it is recommended that 10k Ohm 
pull up resistors should be fitled to suppress noise on unconnected link inputs. The OS-Link outputs must 
be capable of driving a 100 Ohm transmission line terminated with a high impedance. The OS-Link output 
pins of INMOS silicon devices may be used directly. Circuit traces for OS-Link signals should be designed 
as transmission lines with a characteristic impedance of 100 Ohms. 

Control Up Link 

The control up link (CUpDin, CUpSin, CUpDout, CUpSout) provides the HTRAM with a source of control 
information as defined in [1]. All HTRAMs must have a control up link; an HTRAM must not have more 
than one control up link. 

Control Down Link 

The control down link (CDnDin, CDnSin, CDnDout, CDnSout) carries control information as defined in 
[1]. All HTRAMs must have a control down link; an HTRAM must not have more than one control down 
link. 

Use of Control Links 

On all HTRAMs, there must be a daisy-chain path from the control up link to the control down link. Typically, 
this will be provided by connecting the ClinkO and Clink1 pins of all IMS T9000 architecture devices on 
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the HTRAM in a chain as shown in Figure A.3. The control up link pins should be connected to CLinkO 
pins of the first device in the chain. The control down link pins should be connected to the CLink1 pins 
of the last device in the chain. If there are no such devices on the HTRAM, the control down link pins must 
be wired directly to the control up link pins as described by Table A.2. 

HTRAM 

CUp 
T9000 

ClinkO Clink1 r----

COn 
,---------, 
'Clink1 ClinkOk-
I I 
I T9000 I 
L _______ ...J 

Figure A.3 Control link wiring 

CUpDin - CDnDout 

CUpSin - CDnSout 

CUpDout - CDnDin 

CUpSout - CDnSin 

Table A.2 Control link wire through 

Control links on motherboards 

All HTRAM motherboards must provide a control up link to every logical slot. Note that it is permissible 
for a motherboard to have fewer logical slots than physical slots. For example, a motherboard may have 
32 physical HTRAM slots, of which 16 are provided with a control up link. Such a motherboard can support 
a maximum of 16 HTRAMs, and is said to have 16 logical slots. 

Motherboards may adopt one of two strategies for their control link architecture. Either all logical slots are 
provided with their own control up link, in which case the control down link pins on the motherboard must 
be left unconnected; or the HTRAM logical slots should be connected as a daisy chain. 

Data Links 

An HTRAM may have up to four OS data links per slot size. Each data link consists of four signals: for 
example, linkO consists of the signals; LODln, LOSln, LODOut, LOSOut. Note that the Din pins on 
HTRAMs should be connected to the Din pins of the T9000 architecture device on the HTRAM; and Sin 
to Sin, DOut to DOut, SOut to SOut. 

A.2.4 Test access port 

The pins TCK, TMS, TOI, TOO, and notTRST are an IEEE1149.1 Test Access Port. This port may be 
used to implement boundary scan testing of the circuitry on the HTRAM if it contains suitable devices. Use 
of this feature is not compulsory; but if the test access port is not used TOI must be wired through to TOO, 
and TMS, TCK, and notTRST must be left unconnected. HTRAM motherboards 'are not required to 
implement this feature; but if it is not used the motherboard must wire notTRST to GNO, TMS, TCK and 
TOI to Vcc, and TOO may be left unconnected. Designers intending to use this feature should refer to 
IEEE1149.1 for full interface details and design information. 
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Signal Function 

TOI Test Data In 

TOO Test Data Out 

TMS Test Mode Select 

TCK Test Clock 

notTRST Test Logic Reset 

Table A.3 Test Access Port 

A.3 Dimensions 

There is a family of HTRAM sizes, based on the dimensions of the size 1 HTRAM. For example, as shown 
by Figure A.4, a size 2 HTRAM is twice the size of a size 1 and occupies two HTRAM slots on an HTRAM 
motherboard; a size 4 HTRAM is twice the size again, and occupies four slots on an HTRAM motherboard. 

A.3.1 Allowed Sizes 

All sizes of HTRAM are allowed, including odd number sizes. However, designers should be aware that 
odd number sized HTRAMs may be incompatible with motherboards which have size 2 logical slots. 

o pin block 1 o oBpin block 1 

Size 1 

o mountingBpin block 2 mounting holes holes 

o pin block 1 o Bpin block 3 

B Bpin block 4 oopin block 2 

Size 2 Size 4 

Figure A.4 Example HTRAMs 

A.3.2 Board Dimensions 

The controlling dimensions for a size1 HTRAM are given by Figure A.5. All other dimensions are derived 
from these, and from the pitch dimension which defines how larger HTRAMs are constructed. The datum 
point for all linear dimensions is the location of the 1a HTRAM pin. 
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88.0 
y ------.2.0 

84 ')1.75 

J - ~ f+- 2.0 

+ J 
I 

I
I 

datum: pin 1a 

12.0 3.85 ~

~
CD Z1 CD 

Z2 

25.75 

I 

All dimensions in mm 
Tolerance on all linear dim6..sions: +/-0.20 

Figure A.5 HTRAM dimensions 

The dimensions of larger HTRAMs are derived by placing size 1 HTRAMs adjacent in the short (y) 
dimension, on a 28.0mm pitch. Figure A.6 is a generalized drawing which gives the dimensions for larger 
HTRAMs of any size. To use this diagram, N is the size of the HTRAM, k takes all values from 1 to N: figures 
in square brackets are for a size 2 HTRAM. 

If HTRAMS are placed adjacent in the (x) direction, it is recommended that the pitch between boards 
should be 94.0mm. 
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88.0 
y 2.0 

_* 
84.0 

1.75

--+-I--- f----1 

12.0 

Z2 

(k-1)28.0 

[28.0] 

(k-1 )28.0+12 

[40.0] 

Z2'0 

N(28.0)-2.25 

[53.75] 

....-..+--__2_.0 

All dimensions in mm 
Tolerance on all linear dimensions: +/-0.20 

Figure A.6 Generalized HTRAM dimensions 

A.3.3 Fixing Holes 

The signal pins of HTRAMs are not intended to provide mechanical fixing or support. The holes marked 
Z1 and Z2 are intended to fix the HTRAM to the motherboard. It is recommended that some form of 
mechanical fixing via these holes should always be used. They are suitable for self-locking nylon spacers, 
which should be adequate for most commercial and industrial applications. Threaded spacers and nuts 
may be used if excessive vibration prohibits the use of self-locking spacers. 

Location 

Figure A.5 shows the location of fixing holes on a size 1 HTRAM. A size N HTRAM must have 2N fixing 
holes located as shown by Figure A.6 (except in the case of HTRAMs with 10 connectors as described 
below): the dimension [40.0] is the location of the second set of fixing holes on a size 2 HTRAM. 
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Diameter and Clearance 

The fixing holes must be unplated, and are nominally 3.85mm in diameter. Components may not be 
mounted on either surface of the HTRAM PCS within a rectangular area of 6.0mm by 6.0mm centered 
on each fixing hole. 

HTRAMs with 10 connectors 

HTRAMs with 10 connectors which will be adequately supported by front panel or backplate as described 
by Section A.3.7, may omit the fixing hole(s) 22. All other HTRAMs must have fixing holes at both ends. 

A.3.4 Component Placement Area 

The top and bottom side component placement areas for a size 1 HTRAM are defined by Figure A.7. The 
same areas are available relative to pin 1a of each pin block of a larger HTRAM. Note that the component 
placement area is the same for both the top and bottom surface of the HTRAM PCS, except that the 
additional area released by omitting pin rows may be used only on the top surface: it may not be used on 
the bottom surface as components placed there would interfere with the HTRAM sockets on a mother
board. Also note that the available component height on the underside is reduced in the area reserved 
for application specific interface pins. 

r x 88.0 

81.0
Y 

78.52.0 
7.5 

5.01.75 
3.5 

-*
9.0 

15.0 

Top and bottom surface 
25.75 component placement area. 

Fixing hole keepout may 
Additional area which may be used be used on 10 HTRAMS 
on the top side only, if all pin rows 
are omitted. Underside component height 

Additional area which may be used reduced to 1.5mm in this area. 
on the top side only, if pin rows c & Full height components allowed 
d are omitted. on the top side. 

All dimensions in mm. 

Figure A.7 Component placement area 
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A.3.5 Component Height 

HTRAMs should be designed to conform to one of the set of height classes defined by Table A.4. HTRAMs 
designed to conform to these height classes will occupy a single card slot when placed on a motherboard 
in the given environment. Height class X identifies HTRAMs which mount at extended height, as defined 
by Section A.3.a. When defining the height class, the height measured must include any mating connec
tors attached within the component placement area. 

This section makes reference to the top side and underside component placement areas defined by Figure 
A.7. The reference plane for height measurements is the underside surface of the HTRAM PCS. 

---- -----~.--,--

"H" 

Standard Mounting Height 
Classes: A,S,C,D 

"G" 

Extended Mounting Height 
Class X 

-~-CI---~-2.~-~~ ~-
HTRAM PCS 

12.7 

5.1 
+/-0.4 

~'_LJJ14.4 

[= -------=]
Motherboard pcs 

14.3 
+/-0.4 

components 

Figure A.a Allowable Component Heights 

Recommendations for Standard Mounting Height 

Within the underside component area, components may be mounted to a height of 4.4mm, 
measured from the underside of the HTRAM PCS. Subject to the additional restrictions for 
maintaining airflow. 

2 Within the top side component area, components may be mounted to the height defined by Table 
A.4, measured from the underside of the HTRAM PCS. Subject to the additional restrictions for 
maintaining airflow. 

Recommendations for Extended Mounting Height 

Within the underside component area, components may be mounted to a height of 12.7mm, 
measured from the underside of the HTRAM PCS. Subject to the additional restrictions for 
maintaining airflow. 

2 Within the top side component area, components may be mounted to a height of 2.9mm, 
measured from the underside of the HTRAM PCS. Subject to the additional restrictions for 
maintaining airflow. 

Additional Restrictions for Maintaining Airflow 

When viewed in the direction of airflow (y direction, as defined by Figure A.5) components must not 
obstruct more than 50% of the maximum available cross-section for component mounting. 
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Height Class Environment Dimensions (mm) 

H G 

A EISNISA 13.34 7.8 

B VME 13.71 8.2 

C PS/2 15.0 9.5 

D P1301 17.6 12.1 

X P1301 17.6 2.9 

Table A.4 HTRAM Height Classes 

A.3.6 HTRAM connectors 

HTRAMs are connected to motherboards by blocks of 0.5mm square pins on a 2.0mm by 2.0mm pitch. 
The socket is fitted to the HTRAM motherboard, the pins are fitted to the HTRAM. 

Pin Blocks 

A size N HTRAM occupies N slot positions on a motherboard. Corresponding to each of these slot 
positions, the HTRAM has a block of interface pins. These blocks are numbered from 1 to N, as shown 
by Figure A.4. The pin block number is used to identify pin positions on HTRAMs larger than size 1. 

Pin Positions 

Each pin block consists of a grid of 8 columns (a-h) by 13 rows (1-13) of pins, as shown by Figure A.9. 
Rows 6, 7, and 8 are occupied by the HTRAM mounting holes, and are not used for electrical pins. 
Columns (a-d) are used by the standard HTRAM signals. The location of pin 1a is given by Figure A.5. 

I- 80.0 
2.0 /1---------+---------,I 

-re--e-G + ------------e-~~&1 
o 0 0 02 
o 0 0 03 ; ~~~I

ep 0 0 0 2.0 o 000 

5 

4 

cb 000 o 0 0 0 
I6 10 .7 I mounting hole 0 

8 

?
I 

000 0 0 0 09 

ep 000 0 0 0 0 

11 
10 

cb 000 0 0 0 0 

12 000 0 0 0 0? 
ep 000 0 0 0 0 

'-+-1- -1/1--,-------------' 
13 

e f g ha b c d 

Figure A.9 Detail of pin positions 

Application Specific Pins 

For applications requiring a special purpose interface to the motherboard, HTRAMs may be designed in 
future with extra signal pins. These are of the same type as the standard HTRAM interface pins and 



95 HTRAM specification 

occupy pin rows e through h as defined by Figure A.9. These pins may be omitted when not used. 
Motherboards are not required to provide sockets for these pins, but component placement should allow 
for the presence of sockets in these positions on motherboards, as shown in Figure A.7. 

Connector Dimensions 

Two types of pin header are defined: one for HTRAMs designed to be mounted at standard height, the 
other for HTRAMs which are designed to be mounted at extended height (10 HTRAMs). Table A.5 details 
the differences. The same sockets are used on the motherboard for both types. 

le 
4.0 

-I 
-,-

2.0 
3.55 centered 

3.0 typ. 

All dimensions in mm. 

through PCS 0-0 

dim*S" 

L...--...L..----'-------L.---L 
I dimension T 

mating pin 

3.2 

Figure A.1 0 Connector Dimensions 

Mounting Height PCS Spacing (nom.) Dimensions (mm) 

T S 

Standard 5.1 1.5 3.5 (typical) 

Extended 14.3 10.7 2.9 (max) 

Table A.5 Connector Wafer Thickness 

Recommended Connector 

The Samtec SMM series (socket) is suggested as suitable for motherboards; the TMM series (pin) is 
suggested as suitable for HTRAMs designed to mount at standard height. Example part numbers are 
TMM-1 05-01-S-0 for a block of 2 by 5 pins, and SMM-1 05-01-S-0 for a block of 2 by 5 sockets. A 
longer pin will be required for HTRAMs designed to mount at extended height. 

A.3.7 Connectors for External 10 

Most systems require interfaces to external devices or services, such as disk drives or local area 
networks. In general, these interfaces require a standard connector which is easily accessible on the 
outside of the equipment. 

If an HTRAM provides an external interface, the connector(s) should be placed at the opposite end of the 
HTRAM to the HTRAM signal pins. The HTRAM sockets and mounting holes on motherboards should 
be positioned so that HTRAM pin 1a is 90.0mm from the inside face of the front panel, as shown by Figure 
A.11. If the connector is correctly positioned on the HTRAM, a good mechanical fit can be achieved 
between the connector and the front panel attached to the motherboard. 
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90.0 
I 

I 

14.3 nom. 

HTRAM PCS 
connector 

HTRAM 
pin 1a 

I panel bracket 
-

I-[ 
IT. Jtherboard PCS 

Extended Mounting Height 

ont panel fr 

ax thickness 2.5 m 

90.0 
I 

I 

5.1 nomI 
HTRAM 
pin 1a 

-

HTRAM PCS 
connector 

I panel bracket 

[ I- front panel 
motherboard PCS max thickness 2.5 

Standard Mounting Height 

Figure A.11 10 HTRAM Positioning 

A.3.8 Mounting Height 

Two mounting heights are defined: 

Standard Height: 5.1 mm +/- 0.4mm 

2 Extended Height: 14.3mm +/- 0.4mm 

Use of extended height is restricted to 10 HTRAMs; where it is convenient to mount the 10 connectors 
on the underside of the HTRAM so that they fit within the outline of a standard front panel attached to a 
standard motherboard. All other HTRAMS must be designed with the assumption that they will be 
mounted at standard height, and must follow the component height recommendations accordingly. 

A.4 Pinout 

The pinout of a size1 HTRAM is shown by Figure A.12. This arrangement of pins is replicated in each slot 
position on a motherboard, but not all pins are connected on HTRAMs larger than size 1. There are some 
simple rules defining which pins are electrically connected on larger HTRAMs. The electrical signals can 
be divided into four groups: control signals, daisy chain signals, data links, and power supplies. There is 
a rule for the location of connecting pins for each signal group. 
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The rules are designed to ensure that the control up link, Clkln, Reset, and the TAP input signals always 
appears in pin block 1; and that the control down link and TOO always appear in pin block N. Thus, on 
a motherboard which uses a daisy-chain control architecture, the control links and test access port are 
correctly daisy-chained through HTRAMs larger than size1 , without requiring the use of jumpers. 

Figure A.13 shows the pinout for an HTRAM of size 2 or larger, derived from the size 1 pinout and the 
application of these rules. Shaded pins are optional and may be omitted if not required for power. 

a b c d 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

View from top side. 

Figure A.12 Pinout of Size 1 HTRAM 

Rule 1: Control Signals 

On all HTRAMs, the signals defined by Table A.6 must be connected only in pin block 1; they must not 
be connected in any other pin block. This ensures that motherboards can be designed with fewer logical 
slots than physical slots. 
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Signal Pin 

CUpDin c5 

CUpSin c3 

CUpDout c9 

CUpSout c11 

Clkln a1 

Reset a13 

TMS b13 

TCK c13 

TDI c1 

notTRST d1 

Table A.6 Control signals 

Rule 2: Daisy-chain Signals 

On all HTRAMs of size N, the signals defined by Table A.7 must be connected only in pin block N; they 
must not be connected in any other pin block. Note that for a size 1 HTRAM, pin block N is the same as 
pin block 1. 

Signal Pin 

CDnDin b9 

CDnSin b11 

CDnDout b5 

CDnSout b3 

TOO b1 

Table A.7 Daisy-chain signals 

Rule 3: Data links 

Each pin block provides the connections for four OS data links, so that a size N HTRAM may have up to 
4N data links. Most HTRAMs will have only four data links, and these must only be connected in pin block 
1. If the HTRAM has a larger number of links, it is recommended that the connections should be made 
using first the odd numbered pin blocks in order (1, 3, 5 ...), then the even numbered pin blocks in order 
(2,4,6 ...). 

Signal Pin Signal Pin 

LOSln a2 L1SIn a9 

LODln a3 L1Dln a10 

LODOut a4 L1DOut a11 

LOSOut a5 L1S0ut a12 

L2SIn d5 L3SIn d12 

L2Dln d4 L3Dln d11 

L2DOut d3 L3DOut d10 

L2S0ut d2 L3S0ut d9 

Table A.8 Data link signals 



99 HTRAM specification 

Rule 4: Power 

Each block of pins provides some power connections. It is the responsibility of the designer to ensure that 
a sufficient number of power pins are used to supply the maximum power required by the design. 

Supply name Pin 

GND b2, b12,c4,c10 

V3V3 b4, c12,d1 

V5VO b10,c2,d13 

Table A.9 Power pins 

Rule 5: Optional Pins 

On a size N HTRAM, the pin blocks 2 through N-1 may be omitted unless they are required to provide 
power: this provides additional space on the HTRAM pes for mounting components. Pin rows 8, C and
d may be omitted from block N.

Rule 6: Use of Pin Blocks 2 through N-1

No connections, other than power or data links, shall be made through pin blocks 2 through (N-1).
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a b c d 
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7 pin block 1 
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4 
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6 

7 pin block N 
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9 
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11 

12 

13 

View from top side.
Shaded pins are optional.

Figure A.13 Pinout of HTRAM larger than size 1 
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A.4.1 Provision of sockets on motherboards 

All motherboards must provide sockets for pin rows a-d in all slot positions. Motherboards must supply 
power in all slot positions. In the general case, all motherboards will also provide all of the interface signals 
in all slot positions, and will therefore be capable of supporting all combinations of sizes of HTRAM. 
However, it is permissible for motherboards to have fewer logical slots than physical slots. For example, 
a motherboard could be designed with half as many logical slots as physical slots, which was capable of 
supporting only HTRAMs of size 2, 4, 6 etc. In this case, of each physically adjacent pair of slots on the 
motherboard, one slot would be wired with the control signals and data links, the other would be wired with 
the daisy chain signals; so that the wiring of signals on the motherboard would be the same as the wiring 
of signals on a size 2 HTRAM (Figure A.13). 

A.4.2 Application Specific Pin Allocations 

The application specific pins may be allocated non-uniquely; i.e. different application specific interfaces 
may use the same pins for different purposes. This means that HTRAMs and motherboards which use 
the application specific pins may not be intermateable. Because of this, designers should think very 
carefully when designing an HTRAM with an application specific inte~ace. Preliminary pin allocations for 
application specific interfaces are defined below. 

Event Pins 

If access to the IMS T9000 event pins is required, these must be located as defined by Table A.1 O. 

Pin Function Pin Function 

g1 EventlnO h1 EventOutO 

g2 Eventln1 h2 EventOut1 

g3 Eventln2 h3 EventOut2 

g4 Eventln3 h4 EventOut3 

Table A.1 0 Event pin allocation 

Global Synchronization Pins 

Pins g9-13 and h9-13 are reserved for future use as global synchronization signals. 

A.5 Power Supplies 

Two power supplies are defined, which are nominally 5.0V and 3.3V. Table A.11 details the permitted 
supply variation. Separate supply pins are provided for each of these, but the return pins (GND) are 
shared. Each pin is capable of carrying up to 0.5A. The total power which may be consumed from each 
supply is determined by the number of supply and GND pins fitted. The total drawn from both supplies 
must not exceed the total capacity of the shared GND pins. Total power dissipation is also limited by the 
maximum recommended power dissipation. It is the responsibility of the designer to ensure that sufficient 
power and GND pins are fitted for the maximum power requirements of a design. 

Supply name Min Typical Max Units 

V5VO 

V3V3 

4.75 

3.15 

5.0 

3.3 

5.25 

3.45 

V 

V 

Table A.11 Supply voltages 

A.5.1 Provision and Use of Supplies 

A motherboard is not required to provide a 3.3V supply. However, it is recommended that all motherboards 
should be designed with provision for the fitting or connection of a 3.3V supply. 
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Since the first generation of motherboards may not provide a 3.3V supply, it is recommended that the 3.3V 
supply should not be used unless: the HTRAM is being designed specifically for a 3.3V only environment; 
or a significant portion of the circuitry requires 3.3V. 

Initially, most HTRAMs will operate in a 5.0V only environment. However, it is anticipated that the attraction 
of reduced power consumption and availability of suitable devices will make mixed and 3.3V only systems 
possible and desirable. Motherboards for 3.3V only systems are not required to provide a 5.0V supply. 

A.5.2 Maximum Power Dissipation 

An HTRAM should not dissipate more than TBD W per slot size. 

A.5.3 Power Classes 

An HTRAM which requires a 5.0V supply is of power class P; an HTRAM which requires a 3.3V supply 
is of power class Q; an HTRAM which requires both supplies is of power class PQ. 

A.6 Operating Environment 

HTRAMs have the potential to dissipate large amounts of power, which must be removed as waste heat; 
this requires HTRAMs to be used in an environment with a suitable forced airflow, convection cooling 
cannot be relied upon. HTRAMs must be designed to operate within the conditions defined by Table A.12. 

Parameter Min Typical Max Units 

Ambient temperature 

Airflow 

Humidity 

10 

T.B.D. 

10 

2.0 

52 

90 

QC 

m/s 

% 

Table A.12 Operating environment 

A.6.1 Airflow Requirements 

The preferred direction for cooling air flow is the y direction as defined by Figure A.6. The maximum 
ambient operating temperature is reduced if the airflow velocity is less than is specified by Table A.12, or 
is not in the preferred direction. 

A.7 Initialization and Bootstrap 

The HTRAM standard is designed to provide a simple means of building IMS T9000 based single and 
multiprocessor systems, minimizing the detailed knowledge necessary to get a powerful system up and 
running. A typical HTRAM system consists of a number of HTRAMs initialized and bootstrapped from a 
common source, via their control and data links. In order to minimize the HTRAM-specific initialization 
information that must be included in such a multi-node application, HTRAMs are required to incorporate 
a uniform method of local initialization that can be simply and globally invoked to bring all HTRAMs in a 
system to a known useful state. This local initialization is achieved through the HTRAM Configuration 
ROM. They are further required to incorporate some identification data in this ROM. 

A.7.1 T9000 Bootstrap 

All IMS T9000 based HTRAMs may be designed to be exclusively controlled and bootstrapped through 
their external control and data links or they may be designed to operate stand-alone: either as a uniproces
sor application, or as the controller of a number of other HTRAM or T9000 based nodes. In either case, 
the HTRAM configuration ROM must contain enough code and information to correctly initialize the T9000 
internal subsystems. This specification distinguishes two cases, according to the state of the StartFrom
ROM pin on the processor. 



103 HTRAM specification 

• StartFromROM low: After a hardware reset signal, the processor will await messages on its 
control up link. Messages from a controller may be used to remotely initialize the T9000 subsys
tems but, in order to simplify system configuration, the configuration ROM must contain sufficient 
code to perform this function (and this function only) locally when a Reboot command message 
is received. This type of ROM is termed a Local ROM by the T9000 software development 
toolset. 

• StartFromROM high: After a hardware reset signal, the processor will autonomously initiate 
execution from a ROM that contains both configuration and application code. The type of ROM 
is termed a System ROM by the T9000 software development toolset. As part of the startup 
sequence or as part of the application, it may take control of and bootstrap other T9000 proces
sors using connections between its data links and their control link network. 

It is possible to design an HTRAM that can be switched between these modes (for instance, with a jumper), 
but the code in the ROM must be able to detect the mode of operation and switch its operation accordingly. 

A.7.2 Configuration ROM contents 

An HTRAM configuration ROM is a small, byte-wide memory device which is connected to the Boot Bank 
of the IMS T9000. It is decoded at processor addresses from #7FOOOOOO to #7FFFFFFF, inclusive. 

The configuration ROM must contain both Configuration Code and Identification Data; it may also, 
optionally, contain a table of named objects. The layout of the ROM is outlined by Figure A.14; its highest 
memory locations (the pointer block) must be as defined by Table A.13. 

Address Size (bytes) Usage 

#7FFFFFFC 

#7FFFFFF8 

#7FFFFFF4 

#7FFFFFFO 

4 

4 

4 

4 

Reboot Wptr 

Reboot Iptr 

Copy of Reboot Iptr (reserved for future use) 

Pointer to Identification data (absolute address) 

Table A.13 Fixed memory locations in configuration ROM 
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#7FFFF 
Pointer Block 

-

Configuration Code 

Objects & Strings 
1'-

Object Table l-

ID Data 
~

FFF 

Figure A.14 Configuration ROM 

Configuration Code 

The IMS T9000 requires its internal subsystems to be initialized before an application can be loaded or 
executed. For the Programmable Memory Interface (PMI) and Cache subsystems this initialization is 
dependent on the type of memory and/or peripheral device attached to the T9000 and without correct 
initialization the HTRAM will not operate correctly. The Configuration ROM allows this module-specific 
data to be held on the HTRAM such that initialization of any HTRAM to a known functional state can be 
achieved by a simple, uniform control link message sequence. 

The configuration code must be arranged within the configuration ROM such that it will be executed when 
the IMS T9000 receives a Reboot command on its Control Up link. Even though the IMS T9000 has 
StartFromROM wired low, receipt of the Reboot command will cause the processor to start execution 
using Iptr and Wptr values contained in fixed locations at the highest two word addresses in the proces
sor's memory space, as defined by Table A.13. The ROM must contain a valid Wptr and Iptr at these 
locations, which reference the configuration code. The configuration code must configure the following 
subsystems within the T9000: 

PMI bank address 

2 PMI strobe timing 

3 It may also optionally configure the Cache; it must not write-lock the Cache configuration. 
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The code should not configure any other subsystems. At the end of this process, the configuration code 
must do the following: 

Place the signature value "STOP" (#504F5453) in the location referenced by the T9000's 
MemStart configuration register. 

2 Assert an error to the controlling process (via the control up link) by executing the instruction 
sequence "causerror 0". 

The controlling process then completes the configuration of the T9000's other subsystems via the control 
up link, and then loads the application to the HTRAM. 

Identification Data 

The identification data within the Configuration ROM is required to allow automatic identification of the type 
and characteristics of any HTRAM within a system. It also contains a serial number that will allow a unique 
identity to be obtained from any installed HTRAM. The data format also references an Object Table, which 
allows forthe presence of any number of arbitrary data items that, at a manufacturers option, may support: 
additional configuration, self test or peripheral driver executables. 

The format of the identification data is defined by Table A.14. The first item listed in the table is at the lowest 
memory address and it is this (absolute) address that is contained in the identification data pointer defined 
by Table A.13. All items defined by Table A.14, or referenced by pointer within this data, will be placed at 
higher addresses within the ROM, as indicated by Figure A.14. 

Data item Size (bytes) Usage 

IdDataHeader 

IdDataSize 

IdDataVersion 

VendorString 

HTRAMtype 

SerialNumber 

NumObjects 

ObjectTablePtr 

4 

4 

4 

4 

4 

4 

4 

4 

Identification data header (#44495448). 

Size in bytes of all identification data, from next word to the end 0 

all Objects, inclusive of gaps. 

Identifies the revision of this data format (this version is 
#00000000) . 

Pointer to string containing manufacturers name. 

Pointer to string containing board product code. 

Unique serial number of board (or #FFFFFFFF). 

Number of Objects in Object Table (may be 0). 

Pointer to Object Table. 

Table A.14 Identification Data Format 

Note that all strings are stored as sequences of 8 bit ASCII data terminated by a NULL (zero) byte. All 
numbers are stored in a little-endian fashion: Le. least significant byte in lowest address. Word alignment 
of objects is not guaranteed. All pointer values in this data structure are relative to the address of the 
IdDataHeader. 

Note that the ROM must always contain a valid IdDataHeader and IdDataSize, though the IdDataSize field 
may be 0 if there is no identification data present. Otherwise, the IdDataSize field must be the size of all 
data, from the IdDataVersion field to the end of the last object or string in the ROM, including all gaps. 

Object Table 

The Object Table allows for the inclusion of any number of arbitrary data items that, at a manufacturers 
option, may support: additional identification, configuration, self test or peripheral driver executables. Any 
number of objects is permitted, but each must have a unique name string. Objects may contain code or 
data. The format of each entry in the Object Table is defined by Table A.15. 
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Item Size (bytes) Usage 

ObjectNamePtr 

ObjectSize 

ObjectPtr 

4 

4 

- 4 

Pointer to string containing name of Object. 

Size in bytes of Object data. 

Pointer to Object data itself. 

Table A.15 Object Table Format 

Object Table entries must be contiguous in memory, the ObjectNamePtr occupying the lower memory 
address. The ObjectTablePtr points to the ObjectNamePtr in the first entry in the Object Table. 

A.7.3 Defined Objects 

The following objects are defined at present. They need not exist in every HTRAM Configuration ROM 
but if they are present, the Object data must have a content compatible with that described below: 

• "I MS_htram_NDL" - contains an ASCII representation of the NDL source file used to generate 
the configuration code. 

• "I MS_htram_memconfig" - contains a copy of the memory configuration data used to generate 
the configuration code. 

Object Names beginning with "IMS" are reserved for objects defined by INMOS Ltd.-All objects defined 
by INMOS will have names of this form. It is recommended that other HTRAM vendors adopt a similar 
naming convention. 

A.a Specification of HTRAMs 

It may be helpful to adopt a standard specification table of the form given by Table A.16. A shorthand 
notation is defined for describing the size and power supply requirements of an HTRAM. For example, 
a size 2 HTRAM of height class B, which requires a 5.0V only supply, is described as: size 2B, power class 
P; or 2BP. If it was also an 10 HTRAM it would be described as 2BPI. 

Feature Units Notes 

HTRAM type IMS Bxxx 

Processor type and IMS T9000 
-30speed 

4 MbytesjMemory size 

Memory cycle time 80 ns 

Two 64-bit banks Memory organization 

10 HTRAM YES/NO 

Test Access Port YES/NO 

Application specific circuitry SCSI interface 

NONEApplication specific interface pins 

2Size 

BHeight classa 1 , 

PPower class 

1 When defining the height class, the height measured must include any mating connectors 
attached within the component placement area. 

Note: All parameters in this table are examples and do not describe any particular product. 

Table A.16 Example Specification Table 

A.9 References 

T9000 Transputer Hardware Reference Manual, INMOS Ltd, 1993. 


