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1.1 INTRODUCTION 


,) 	The main memory module consists of a memory control card, one up to eight memory 
slave cards and a special backpanel for interconnection of these cards. 
Each memory slave card contains 64K words of dynamic MOS Random Access Memory 

which features user transparent error correction. The memory is based on the 

MOSTEK MK4116-4 16K bit RAM chip which requires refreshing within ever1 

2mSeconds. It is implemented in an arra.y of 4,bars, each containing 21 chips, 

thus using a total of 84 devices for each 64K 21 bit word slave card. The 21 Rit 

word is allocated such that the 16 bits are for data and 5 bits for error 
correction. The total capacity for a complete memory module is 8 x 64K 21 bit 

words giving 512K words or 1M bytes. 

The organization of the memory in 21 bit "words" has no effect on the byte 

organization of the host system. It is possible to read or write a 'word' or 

~ either left or right 'character', the timing and control for these various pos­

sibilities being provided by the memory itself. 

Power failure detection and battery back-up facilities are optionally available 

at system level to save the memory contents in case of power failure. On the 

WMB 1 log ic di a grams, all dev ices marked wi th a 'B I are supp1i ed with battery 

back-up vol tage. Read/Write memory cycl es are forbi dden duri ng this time. 

The refresh action is performed, as far as possible, "hidden" to avoid possible 

timing clashes with the master units on the System Bus, but it is ensured that 

all memory cells are refreshed within 2ms. Refresh is performed completely 

independent of the host system. 

J 1.2 PHYSICAL DESCRIPTION 

The Main Memory Module has been designed on cards of the double Euro-format and 

compri ses of two di fferent types of cards. 

- The 	 Memory Control Card WMC 1 

- The Memory Slave Card WMB 1 

Connection to the system bus is via the WMC 1 card only. The memory slave cards 

have no functional interface with the system, only power and OKI-OKO interfaces 

are present. Interconnection between the WMC 1 and the WMB 1 are via special 

backpanels depending on the memory capacity required. 

For connector locations and pin allocations see the section INTERFACES. The 

physical positions of the memory control and the memory slave cards can be 

~ 	seen in Figure 1.10 upto 1.14. 
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1.3 TECHNICAL DATA 

) 

1.3.1 PERFORMANCE CHARACTERISTICS 

OPERATING MODES 
The memory has three basic operating modes: 
- Read Cycle Externa11 y requested 
- Write Cycle 
- Refresh Cycle Interna11 y requested 

DATA TRANSFER 
The memory has the possibility to execute six types of data transfer: 
- Read Word 
- Read Left Character 

)- Read Right Character 
- Write Word 
- Write Left Character 
- Write Right Character 

STORAGE CAPAC lTV 
- One Memory Slave Card has a useful capacity of 64K16 = 1048576 BITS 
- Maximum Available Storage capacity 8 x 64K16 = 8388608 BITS 

OR IMBytes 
- Word Length 16 BITS 
- .Error Correction 5 BITS 
- Total Word length (Data + Error Correction) 21 BITS 

J
TIMING 

- Typical Read Access Time = 570 nS. (445~s for High Speed Version) 

- Typical Write Access Time = 195 nS. (173~s for High Speed Version) 


ADDRESSING MODE 

- Random Access 


i~ 
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1.3.2 POWER REQUIREMENTS

1') 

NOM. 
NAME 
LOGIC 

VOLTAGE 

P5PU 
(+5VL) 5.05 

B5PU 
iJ (+5VM) 5.05 

Note: Val ues in 

.J 

tol% 

4 

4 

Memory Control Card (WMC 1) 

MAX.AVERAGE CURR. 


ope­
ra­
ting 

2.3 
(2.7) 

1.2 

stand 
by 

2.3 
(2.7) 

1.2 

stand 
by 
batt. 

0 

1.2 

-

AI 
max 

(A) 

0.2 

0.1 

f 
max 
(me) 

1 
(~.5)· 

1 
(1.5) 

Co 

nF 

1 

-

between brackets for "High Speed Version" 

Table 1.1 POWER REQUIREMENTS WMCI 

r-------~---------.--------~------------ov 

C1 

pF 

1.5 

1.0 

L1 C2 C2 

nH nHlJF 

O. 33 20 

33 20O. 

connector atco 
I~ interface 1evel 

02001A 00 

max. 
rating 

(V) 

7 

7 

Figure 1.1 EQUIVALENT CIRCUIT <F POWER SUPPLY INTERFACE FCR WMC1 

If 1==: tw===:: 2t 

I ~ <"mAInS 
I I 6t 
I tw I 
~ 
I I 
I I 
I I 

I -­02001£ 

Fi gure 1.2 WAVEFORM CURRENT AGAI NST TH£ FeR WMCl 
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LOGIC NOM. tol% 
NAME VOLTAGE 

P5PU 
(+5VL) 5.05 4 

P5PU 
(+5VM) 5.05 4 

B12P 12 5 

Memory 

MAX. AVERAGE 


ope­
ra­
ting 

0.4 

0.165 

0.65 

stand 
by 

0.4 

0.15 

0.25 

CURR. 

stand 
by 
batt. 

0 

0.15 

0.25 

51 ave Card (WMB 1) 

t\I 
max 

(A) 

0.1 

0.1 

8 

f 

max 
(MC) 

1 
(1.5) 

1 
(1.5) 

2 

(3 ) 

Co 

nF 

1 

-


-


Note: Va 1ues in between brac kets for "Hi gh Speed Versi on II 

Table 1.2 POWER REQUIREMENTS WMBI 

co 
I ~ 

0200'''' 

Cl 

lJF 

0.4 

1.4 

2.0 

L1 

nH 

o. 

o. 

0.25 

) 
C2 C2 max. 

rat; n!] 
lJF nH V 

2(33 7 

2(33 7 

) 
,20 .. 15 

Connector at 
interface level 

-J 
Figure 1.3 EQUIVALENT CIRCUIT OF POWER SUPPLY INTERFACE FORM WMB1 

I 
I 

P5PU tw ~ if1If P5PU 

~<4mA/nS
At 

I tw I 
~ 
I I 812P tw~2SnS 
I I 

~I! At < 1 AlnSI _ 

-I 1121101£ 
I 

Figure 1.4 WAVEFORM CURRENT AGAINST TIME FOR WMBI 
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) 


Memory size (K bytes) 

Mode Supply 128 256 384 512 640 768 896 1024 

Operating 

Stand by 

Stand by 
battery 

P5PU (+5VL) 

P5PU (+5VM) 
B12P (+12VM) 

P5PU 

B5PU 
B12P 

P5PU 
B5PU 
B12P 

2.7 3.1 3.5 
(3.1) (3.5) (3.9) 
1.36 1.53 1.7 
0.65 0.9 1.15 

2.7 3.1 3.5 
(3.1) (3.5) (3.9) 
1.35 1.5 1.65 
0.25 0.5 0.75 

- - -
1.35 1.5 1.65 
0.25 0.5 0.75 
-­

3.9 
(4.3) 
1.86 
1.4 

3.9 
(4.3) 
1.8 
1.0 

-
1.8 
1.0 

-

4.3 
(4.7 ) 
2.03 
1.65 

4.3 
(4.7) 
1.95 
1.25 

-
1.95 
1.25 

-

4.7 
(5.1) 
2.19 
1.9 

4.7 
(5.1 ) 
2.1 
1.5 

-
2.1 
1.5 

5.1 
(5.5 ) 
2.36 
2.15 

-5.1 
(5.5 ) 
2.25 
1.75 

-
2.25 
1.75 

5.5 
(5.9) 
2.52 
2.4 

5.5 
(5.9) . 

2.4 
2 

-
2.4 
2 

Note: Val ues in between brackets for "High Speed Version". 

Table 1.3 POWER SUPPLY CURRENT MEMORY MODULE 

Note: Current Values Given in Amperes 

\J 
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BAA 3 BAA 2 BAR 1 SARO 
48-64K 32-48K 16-32K 0-16K 
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The connectors to the bac kpanel are 96-pi ns rna 1e connectors. In fi gure 1.7 the 

dimensions aM pin numbering are indicated. J 

94 

78.74 

r l 
18 

, . 
I I o Cl 0 Cl Cl Cl 0 Cl Cl Cl 0 Cl 0 Cl Cl ClC: 

o Cl o Cl Cl 0 0 Cl Cl Cl Cl Cl Cl Cl Cl Clb 

COMPONENT ~ 

~ i ~ 'i' ~ ~ 'i i ~ 1­
00000000' 

SIDE ~ g R S B R if 
lllililili" 

~ 019l) 

CONTACT ROW PRINTED 
IDENTIFICATION IDENTIFICATION CIRCUIT BOARD 

Figure 1.7 BOTTOM VIEW AND SIDE VIEW OF THE BACKPANEL CONNECTORS 

~) 

CARD CONNECTOR TYPE 

WMC1 BUS CON-MP F068-96C 

MEMORY INTERFACE CON-MP F068-96C 

WMB1 BUS CON-MP F068-96C 

MEMORY INTERFACE CON-MP F068-64C 

Table 1.4 CONNECTOR TYPES 

J 
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1.3.4 ENVIRONMENTAL CONDITIONS 
fJ 

Operating Conditions: TEMPERATURE 'REL. HUMIDITY 

MIN. MAX. MIN. MAX 

ABSOLUTE OPERATING 
LIMITS 5°C 40°C locx, 98% 

OPTIMUM OPERATING 
LIMITS 12°C 32°C 20% 90% 

The dynamic limits~T :;: 10°C / 30 minutes 

The air velocity between the cards must be more than 1.5 m/sec'. 


Storage Conditions: 

(Packed or unpacked)
J 

TEMPERATURE REL. HUMIDITY 

MIN. MAX. MIN. MAX. 

+3°C +50°C 10% 90% 

The dynamic limit~T :;: 100e I 30 minutes 

PACKED UNPACKED 

MIN. MAX. MIN. MAX. 

TEMPERATURE -40°C '+70°C -40°C +70°C 

REL. HUM.12 HOURS 10% 100% 10% 90% 

REL. HUM. 6 WEEKS· 10% 98% 10% 90% 

REL. HUM. 3 MONTHS 10" ,90% 10% 90% 

J The dynamic 1imit~T :;: 30°C I 5 minutes. 

Air Pressure: MIN. MAX. 

OPERATING LIMITS 700 mbar 1100 mbar 

NON-OPERATING 
LIMITS 450 mbar 1100 mbar 

700 mbar is an altitude of approximately 2250 meters above sea-level. 
450 mbar- is- an altitude of approximately 6300 meters above sea-level. 

u 
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1.4 INTERFACES 
~1The interfaces of the main memory module can be defined as follows: 

1.4.1 - User Interface (Handlin9 of MOS Memory Modules) 

1.4.2 - Logical Interface 

1.4.3 - Electrical Interface 

1.4.4 - Machanical Interface 

1.4.1 USER INTERFACE 

Note that special care must be taken when handling, repalrlng or packaging MOS 

memory modules due to the build-up of static, which may occur and possibly dis­

charge on one' pin, thus damaging the device. It is therefore essential to' 

prevent any difference in potential voltage between MOS device and any surface, 

tool or person with which it may come into contact. The following rules may be 

helpful: ')
a) PACKING 


MOS circuit boards may be packaged in a metal box, a \'JOoden case, a 


cardboard box, or conductive plastic, but not in ordinary plastic. 


These conductive, or semi-conductive, materials prevent static dis­


charge at one point. 


b) REPAIRING 


It is preferable that all work on MOS devi ces is carri eel out on a 


metal surface, which is in some way connected to ground. All tools and 


the device should remain on this surface throughout and the personnel 


must 'discharge l themselves on it before ~/ork commences. 


All electrical equipment used (e.g. 'scopes, digital voltmeters and 


the tip of the sol deri ng iron) must be earthed. .,J 


c) PERSONNEL 


It is advisable for personnel to ground' themselves before touching
I 

MOS devices, e.g. by touching a metal pipe that is earthp.d, or at 

least discharge themselves to the same potential as the working 

surface before commencing work. 

u 
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J 


J 


1.4.2 LOGICAL INTERFACES 
Four 	 interfaces are app1 i cab le under this headi ng: 

a) - UPl Bus 
b) - Power Supply 
c) - Test Points 
d) - Internal Interface 

a) - UPL Bus 

The logical interface ;s fully in accordance with the UPL-Bus specification. 

The table gives a list of the interface signals between the WMCI card and the 

system and a short description of their function. 


Note that the signals ending in "N" are active (ie, perform their function) when 

in the "LOW" state ie,l ogical '0' if they are control signals, and represent the 

complement of their true value if they are data or address signals. 


Note also that control signals (those which cause an immediate action upon their 

change of state) are always either a logical '0' or a logical 111, whereas data 

signals are also permitted to adapt to intenmediate levels (high Impedance 

state) when the information is not actually being used in the cycle. 


Not connected signals in the UPL Bus are the fo 11 ow; ng: 
- BCI 
- PWFN 
- CLEARN 
- TMPN 
- TMEN 
- ERQN 
- BUSRN 
- MSN 
- BSYN 
- RTCH 
- BAWOFN 
- STOPN 
":' INCL. 

For connector layout and pi n assi gnment see 	 "BUS CONNECTOR SIGNAL TO PIN 

ASSIGNMENT FOR ~EMORY CONTROL 

CARD WNCl 11 
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)

UPL BUS SIGNAL I DESCRIPTION 

BIO(OO-15)N 16 data lines used to transfer data between the memory
and other system elements dealing with the interchange
of data. 

MSB LEFT-HAND CHARACTER: RIGHT-HAND CHARACTER I LSB 
L.....,.. 0 7 : 8 15 ....-l 

.. i6 BIT WORD ... 

MAD(OO-15) 16 address lines which, during a master-memory exchange, 
provide addressing signals for ,the RAM chips, indicate 
(in character rode) which character is acti ve and may 
an "upper" and "lower" 16K within a 32K memory "block". 

MSB I ILSB
L.... 0 15 ....-.J 

sel ect 

f~ ~ 
I . T

May select 14 address blts to select Character 
0-16K or 1 of 16,384 bits within Indicator 
16-32K groups each RAM 0= LHC 
of RAM's 1 = RHC 
within 32K 

MADE(O-7) 8 address extension lines to select memory capacities 
greater than 32K up to a maximum of 512K words. 

MSBI I LSB
L.... 0 7 ~ 

TMRN A control signal originating in the Master to validate the 
data on the BIO(OO-15)N, WRITE, CHA, MAO(O-7) lines and 
control the exchange. 

TSMN A control signal originating in the memory to indicate to 
the master that, in the case of a write cycle, the data has 
been written into the memory or, if a read cycle, 
that valid data is now present on the BIO lines. 

RSLN A signal to indicate that the power levels are not in 
tolerance. 

CHA A control signal transmitted to the memory from the master 
which has control of the bus to indicate the type of operation 
as follows: 

CHA = 0 defines word operation
CHA = 1 defines character operation 

WRITE A control signal transmitted from master to memory to indicate 
the type of operation as follows: 

WRITE = 0 defines read from memory
WRITE = 1 defines write into memory 

ACN A function accepted signal indicating that the function 
requested by the CPU ; s accepted, when ACN i s LO~I. 

) 

J 


~ 
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b) Power Supply 
} 	 Apart fran the actual D.C. voltage supply signals, the only other stgnal Wlich 

is applicable is signal RSLN. 
When LOW the memory is not accessible and is prepared for operation in 
I BATTERY MODE I. 
If there is a request (by TMRN) during the transition of RSLN it i's possible 
that the contents of the memory may be dama.ged. 

c) Test Points 
Test pOints are for test purposes only, no connections to these points are 
permitted during normal operation. 

SIGNAL DEFINITIONS 

On the memory slave cards 


~ TVBB Test point for the -5V power supply converter. 


On the memory control card 
TBLRF Input, normal high, a low level blocks refresh requests. 
TBLECN Input, normal high, a low level blocks the correction of errors, and 

also the generation of the error detection signal. 

d) Internal Interface (See also figure 1.8) 
- Clock signals 

RASO-IL/R and CASO-1L/R are timi ng clock si gnal s to the memory devices, four 
equal signals of each are given by the control card to the slave cards. The 
RAS-L/R and CAS-L/R signals are timing related to the MA-L/R signals L to L 
and R to R.J 

- Control signals 
EMDO, WE Mand RFCYM control signals for respectively Read (Enable Memory Data 
Out), Write (Write Enable Not) and Refresh cycle, (forbids CAS in refresh 
cycle). These signals are given to all cards. 

- Memory address bits 
MAO-6L/R memory address bits to select one bit in 16K (multiplexed). There is 
a separate group of addresses for left and right hand memory slave cards. 
One extra address line (MA7L/R) is implemented on the back panel to be upwards 
compatible with future 64K memory device based designs. 

8104 	 P4500..026/o.27 1-15 . 
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- Bar select signals 
RBO-3 select one out of four bars of memory devices on the memory sl ave , 

cards. 
- Card select signals 

CSO-7N selects one out of eight memory slave cards. Each slave card has its 

own se1ect-l i nee 

- Memory present signals 

MPRO-7N, these DC signals i nd i cate to the memory control card the presence of 

a memory card. 

- Data. I/O 
MIOBOO-15 and MIOBSO-S4 bidirectional data lines for data and error correction 

bits. 
- Power supply 

Only ground 1i nes are implemented on the backpanel, all power supply inter )
connections are through the UPL bus connection. The only galvanic contact 


between the ground on the back panel and any other ground point is through the 


memory cards. 


J 


~ 
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memor),

} slave slave slave slave control slave slave slave slave 


7 5 " 3 card 0 2 4 6 

I I I I I I I I 


MEMORY -["" I I I "' I RASOR I CASOR I I I 

DEVICE I 	 I I RASOL I CASOL. 'T I I 
CLOCK I T" T " T RAS1R ICAS1RI I I 


r T I I I.. I
'I 
CONTROL -{ + 	 1 1 EMOO . RrCYM WENI 1 r - : 


I , I RAS 1L I CAS 1L T I I ' + 


I I T ' T I 

MEMORY -{ I 	 I "I I' MAO~ 7 1 I I 

DEVICE 1 	 + I MAO- 7L l T 1 I T i 

ADDRESS I t 	 1 I I I I 


I I .. I I I I 

BAR SElECT -( I 	 ~ 1 I RBO-J I t 1 I I 


r I f T CSON T T 

I L CS1 N Ttl I I 

I I I T CS2N I I I


'I I 


CARD I t I CSJN r I , I I 

SELECTJ 
 I I
I ,CS4N I I I I 


I I I I CS5N Ii' I 

I '·1 I t CS6N I I I I 

, I I CS7N t I I I , 


I I I I , MPR ON 1 I I I 

I I I 	 ! MPR1 N • I , I I 


MEMORY I I I 1 MPR 2N I , I I 

PRESENT I I 	 I MPR3N + I 


I I T MPR4N I I I . I 

I T I I MPR5N I I T I
i 

I I MPR6N I I 1 

t I I I MPR7N, I : I I 

I I I I I I I I I


I , ,MJOS 100-15 + , , 
DATA , i I I 	 I T
I I 

I/O { ~ + , • MIOS ,SO-54! , , 1 


.,) Figure 1.8 INTERNAL INTERFACE (As seen from canponent side) 

011' 

Q 
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1.4.3 ELECTRICAL INTERFACES 


) 

SIGNAL (JJTPUT LOW LE VEL (JJTPUT LOW LEVEL (JJTPUT HIGI LEVEl IlITPUT CAPACITANCE TER4INATHG REMARKS 

NAM£. TYPE CURRENT VOL lAGE CLRRENT (pF) CONFIGlRATION 

TRI DC or TOTEM TRI OC DR. TX. 

POLE 

BIO Tri or DC (0.4mA )48mA (0.5Y at 10L::4BnA (250uA ~25OJA (15pf (J6pf Pull up at Beth Ends 

00-15 atVO::0.5V VO::2.4V ~hen 1 ) of Ba:: kpanel b)' 

Tri=off Tri::off ~OH::5.5Y 600n.=- 57.; Resistor 

MAD 
00-15, 

MADE 
00-07, • AlL CHARACTERISTICS AS SPECIFIED ABOVE r 

CHA, 

WRITE 

TMRN 

)6OmA 

• AlL CHARACTERISTICS AS SPECIFIED IN BIO 00-15 • 

TSMN 

ACN Tri or (0.4mA (O.5Y at 10L (251AtA at (250uA (15pF Pull up at Both Ends 

OC at VO::0.5V )60mA :: 60mA VO:2.4V VOH::5.5V (tBpf of Ba::kpanel b)' 

Tri:off Tri::off 600n.+ 57.; Resistor 

OKO Totem Pole N/A )BmA (O.5V at 10l N/A O.4mA (15pF N/A No pull up's 

:: BmA 'It!en 

VOH:2.4V 

SIGNAL 

NAM£. 

BIO 00-15 

HAD 00-15 

MADE 00-07 

CHA. WRITE 

OKl 

TMRN 

TSMN 

RfiN 

(JJTPUT 

TYPE 

Tri or DC 

LOW LEVEL INPUT 

CURRENT 

(O.4mA at 0.4V 

<2mA at 0.5V 

<0.4mA at 0.4V 

<O.4mA at 0.5Y 

Table 1.6 

Table 1.5 DRIVER CHARACTERISTICS FOR SYSTEM BUS 


HIGH LEVEL INPUT LOW LEVEl INPUT HI(}l LE VEL HPUT 

VOL TAGEClRRENT VOLTAGE 

(50uA at 2. 7V (O.BV )2Y 

AlL CHARACTERISTICS AS ABOVE 

(50uA at 2. 7Y 

<50uA at 2.7Y 

<100uA at 2.7V 

<O.BY 

-

<O.BV 

>2V 

-

>2Y 

CAPACITANCE +Ye -Ve 
(pF) THRESHOlD THRESHOLD 

)7pF 

<7pf 

<7pf 

<7pf 

RECEIVER CHARACTERISTICS FOR SYSTEM BUS 


) 


--

J 
--

1V-2.1V 0.B-2.1V 

- -

1) This is due to a double load on the memory control card for BION signal s 
on the right character. 

'.J 
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UPL-BUS INTERFACE FOR t1EMORY SLAVE CARD 

~ 	There is no electrical interface between memory slave card am thp. UPl nus 

except OKI-OKO and the power supply. 

Used power pins: L, P5PU, S5PU and B12P, for power s'upply current see Table 

1.2. 

Test Point 


- Electrical characteristics inputs 


TBLECH High level 

TBlRF High level 

TBlECH High level 

Low 1evel 

TBLRF High level 

Low level
J 

input voltage VIH ) 2V 

input voltage VIL " O"BV 

input current THI ~ mA @VIH = 2.7V 

1nput current TIL, rnA (I VIl = O.4V 

input current IIH , rnA .. VIH :: 2.7V 

input current VIL ~ rnA @VIl = O.4V 

- Electrical characteristics outputs 


TVSB 


M~~~ 	 t~
:: 

.." 

RS 	 = 1KOhm + 5% 

VSB = 1.75 , V , 5.2SV") 

@ S12P.±. 5% 

1.4.4 MECHANICAl INTERFACE 

For connector layout and pi n assignments see uBUS CONNECTOR SIGNAL TO PIN 

ASSIGNMENT". 

For Backpanel pin designations see "INTERNAL INTERFACE CONNECTOR II • 

1.5 APPLICATION NOTES 

t.b.s. 

u 
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BUS CONNECTOR SIGNAL TO PIN ASSIGNMENT 

FeR MEMORY CONTROL CARD WMC.l ~) 


PIN NUMBERS ~ 
32 
31 
30 
29 
28 
27 
26 
25 .. 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 

.5 

4 
3 
2 
1 

.A 
P5PU 

BIOD7N 
BIOO6N 
BIOO5N 
BIOO4N 
BIOO3N 
BIOO3N 
BIODIN 
BIODON 

OV 
WRITE 
MAD 15 
MAD 13 
MAD 11 
MAD 09 
MAD 07 
MAD 05 
MAD 03 
MAD 01 

OV 
TMRN 
TSMN 

OV 
ACN 
RSLN 

OV 

B5PU 

A3 

·8 

P5PU 
P5PU 

-. 

OV 
MADE 7 
MADE6 
MADE 5 
MADE4 
MADE 3 
MADE2 

OV 
MADEl 
MADEO 

OKI 
OKO 

OV 

A4 

C 
P5PU 

BI015N 
BI014N 
BI013N 
BI012N 
BI011N 
BI010~. 

BI009N 
BI008N 

OV 
CHA 
MAD 14 
MAD 12 
MAD 10 
MAD 08 
MAD 06 
MAD 04 
MAD 02 
MAD 00 

OV 

OV 

qv 

B5PU 

A5 

7 

8 F 

9 

1 
2 

3 

4 
5 G 
6 
7 

8 

9 
0 

1 
2 
3 
4 H 

5 
6 
7 
8 
9 
0 

1 
2 
3 

I~ 4 I 
5 
6 

7 
8 

L 

) 

•.) 

CARD LOCATIONS 

Note: OKI/OKO are short circuited on the card. .J 
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BUS CONNECTOR SIGNAL TO PIN ASSIGNMENT 


~ FOR MEMORY SLAVE CARD WMBI 

PIN NUMBERS ~ 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23


J 22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10
J 
9 


8 


7 

6 

5 

4 

3 

2 

1 


A 

P5PU 

B12P 


OV 

OV 

OV 

OV 

. B5PU 

A3 

B 


P5PU 

P5PU 


OV 

OV 

OKI 

OKO 


OV 


A4 


C 

P5PU· 

BI2P 


OV 

OV 

OV 

OV 

B5PU 

AS 

7 


8 F 


9 


1 


2 

3 

4 


5 G 

6 


7 


8 


9 


0 


1 

2 

3 


4 H 

S 

6 


7 

8 

9 

0 


1 

2 


3 


4 I 


5 

6 


7 

8 


L CARD LOCATI ONS 

\,) 	 Note: OKI/OKO are short circuited on the card. 
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MEMORY CONTROL CARD WMCI. INTERNAL INTERFACE CONNECTOR 

PIN NUMBERS t A B C 
32 CS3N OV CSON 
31 CSIN CS2N CS7N --
30 OV CS4N OV 
29 CS6N CS5N MPR6N 
28 MPR7N OV MPR4N 
27 MPR3N MPR5N MPR2N 
26 OV MPRON OV 
25 MPRIN CASOR CASIR 
24 CASOL OV RASOR 
23 CASIL RASOL RASIR 
22 OV RASIL OV 
21 RBO RB3 TBLECN 
20 RB2 OV RBI 
19 TBLRF WEN 
18 OV EMDO OV 
17 MAOL MAOR RFCYM 
16 MA4L OV MA4R 

15 MA7l MA8l MA3R 
14 ov MA7R OV 
13 MA2L MA2R MA6R 
12 MA6L OV MA5R 
11 MA5L MAll MAIR 
10 OV MIOBSO OV 
9 MIOBS4 MIOBSI MIOBS2 
8 MIOB02 OV MIOBS3 
7 MIOB04 MIOB15 MIOB06 
6 OV MIOB14 OV 
5 MIOB10" MIOB09 MIOB05 
4 MIOSOI ov MIOB03 
3 OV MIOB08 OV 
2 MIOSOO MI0812 MI0813 
1 MIOB07 MIOBll 

) 

J 

ARD LOCATIONS 

~ 
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MEMORY SLAVE CARD WMB1. INTERNAL INTERFACE CONNECTOR
') 

PIN NUMBERS 

) 

J 

t A B C 
32 CSN MPRN 
31 CAS TVBB 
30 OV OV 
29 RAS 
28 
27 RBO RB3 
26 OV OV 
25 RB2 RBI 
24 WEN 
23 EMOO RFCYM 
22 OV OV 
21 MAO MA4 
20 MA3 MA7 
19 MA2 MA6 
18 OV OV 
17 MA5 MAl 
16 MIOBSO 
15 MIOBS4- MIOBS2 
14 OV OV 
13 MIOBS1 
12 
11 MIOB02 MIOBl5 
10 OV OV 
9 MIOB14 MIOB09 
8 MIOB08 MIOO12 
7 MIOB04 MIOB06 
6 OV OV 
5 MIOBI0 MIOSOS 
4 MIOB01 MIOB03 
3 OV OV 
2 MIOB02 MIOBl3 
1 MIOB07 MIOSll 

-L 
- CARD LOCATIONS 

\) 
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CARD POSITION 
16 17 18 19, 20 21 22 23ON BACKPANEL 15 

SLAVE7 SLAVES SLAVE3 SLAVEl 	 MASTER SLAVEO SLAVE2 SLAVE4 SLAVE6 
I Fl31 I [fi3il CASOL I A2Il 1 ')

I e251 CASOR [A3il mTl 
[iffi] [iffi] (ASIL 	 fiim 


CCID CRS 1I' [iffi] [iffi] 

[ffi] eSON 0ii2J 


[iffif] CS III Dim 
[ffi] CS2N 0ffiJ 

0ffiJ cm 0ffiJ 
[ffiiJ CSIIN !]i3fl 

0ffiJ CSSN '[i2i] 
0iID CS6N mn 


0ffiJ (5711 [ffi] 

0iffJ 0iffJ 0iffJ fJi2Fl END. [i'i"8J E"D8 Dim fiim 0i?D mn 

CAm CAm QiITJ 0iiD "ROL OITTI 


[iill "ROA 0iITl Oiill omJ Oiill 

[fiIJ [ITf] [ITf] [C'f7] "AI L [iiTJ 


[IiI] "A 1 A @]l [fff) CCTfl ITill 

IJIT9l IJIT9l IJIT9l f]iI9l HA2l Oiill 


[iff] "R2R [iiI9J CiITfl [Jiifl 0iIil 

0i2ifl 0i2ifl 0i2ifl O@fl HA3l [ill] 


rmJ MRlA [@5l Qi?iiJ IJj'WJ 0i2'iD 

rem rem rem I1'?D [ii'ii]
"RilL 

[ill] MRII" rem [ffi] [ffi] rem 
OITTI OITTI OITTI 0iID tlASL 0ITi] 

ITiIl MAS" OITTI orrn fJ[fl 0iTIJ 
ITiIl ITiIl ITiIl [ITS] "A6l 0i"iIl ) 

@D MASA ITiIl CCTiJ [£iJl ITiF1 
rem rem rem !]?OJ IJfiIl"Rll 

[iiii] HA7" I1ill rem [C?'i5] rrnn 
0i'iIl I]IiO I]IiO 0iTI0 "111850 [ii'i] "18850 0i'iIl omn [ii'ii] 0iIi0 
ITiTI [f'iIJ [f'iIJ [IT3] 11111851 [i(i9J 1'118851 ITiTI [fill rem ITiTI 
[fif) [@ [@ [fi5] "18852 ['C'Ofl 1'118852 mn CfiIl [CIS] [@ 
[[iT] Oiill Oiill mIl "11l8S3 [Cijfl "18853 [[iT] Oiill [iiI9J Oiill 
(JiT5J Oiill Oiill 0fi'5J "11I8S'I IJiii9J H188S'I [iITSJ CiITSJ [ifi"5J [iIT5] 
[ii"ii'f] [ii"ii'f] [ii"ii'f] [ii@ "18800 [ii"ii'f] "18800 [jf[fJ [iiill IJji0 [JlOfl 
[iiiiii] [iiiiii] [iijijJ 0i0iiJ m801 [iiOiiJ Itl 8801 [iiOi[J [JiiiiiJ 0ffiiiJ [Jijji[] 
0iTIJ 0iTIJ 0ITi] OITD "111802 [}iii8] "18802 0iTIJ 0iITl O[il 0ITiJ 
[EOiO [COif] [COif] [CiiiiJ Klm3 mii.l "18803 [fiji[] [IOiQ []iiil @ii] 
Oiill [AijD [AijD [i!ijIJ "1880'1 [AijD "1880'1 [AijD [AijD [ii'ii7] 0iiiD 
[Ciifl [C'il5] [C'OS] roo ""805 [fOS] "18805 [C'il5] [C'OS] [Ci)SJ [C'iiS] 
@jIJ mD mD [Ciif! IIIIBOS rem "18806 rem @ill @ffl [ffi] 
[@D 0i0D [@D [1iOD "11807 0iiiTl "18807 0iiiTl 0i0I1 Oiim own 
[}iii8] Qiiifl Qiiifl f]OiO KI8&08 [iij'3J "18808 [JiiiiO [JiiiiJ [ii08] 0ffii0 
[fiji] roo roo (£Oil "18809 [i05] "18809 roo roo [t'O"9] roo 
mn [iiOSJ [iiOSJ []ii55] KIII810 [iiii5] "18810 [iiii5] [i@5] 0i0SJ [i@5] 
@IT] . @IT] @IT] ram "11811 @.iD "18811 @iIl ITiiD f10D @D 
[fOii] [fOii] [fOii] [aji] "111812 [iO?] "18812 mn [fOii] @ii] [fiiii] 
[f02] [f02] @if] [C'OfJ "111813 [f02] "11813 @if] @if] [«if] @if] 
0iii9J f]09J 0iii9J [iiOi] KI118n [iij6J "18tH II f]09J [iiii9] [Jifi!J IJIO[l 
@T) @T) @T) mIl "111815 rnn "II81S @T) @T) mD [ill] <,)

Ci?iO "PRON mfl 

rem "PRIN [Ji?SJ 


rem "PA2N m?J 

m?J "PRlM rw 


reID "PAIIM roo 

@f1 "PRsM CiITl 


[C'ffi "PAGM m?J 

m?J "PIl7M [ii?8J 


@9] CfiiJ RASOL [iff] 

f1?iil RASO" [C'ffi @9] 


[C'ffi [C'ffi AAS I L [iif] 

@J AASlR [f?il roo 


Dim Dim 0iITl Dim 1'1110 [ill] Reo 001 Qi?fJ 0ffiJ Cii?D 

msJ msJ CCID rem R81 rem lie1 rtiSJ CCID [ffi] mn 

nm nm 0iID CAID 1'182 [ii2ifJ ReO! 0iID !]ill []ii5] !]ill 

[ffi] [ffi] [ffi] mn 1'183 00l Re3 [ill] [fIT] rem rem 

[ffi] @J [ffi] rnn FIFty" mIl IIFey" [ffi] [ffi] mn run 


f8lEtM TelECNrnn 
T8LftF [iii] TelftF 


I]!iil I]!iil I]!iil ecru liEN [ffi] ItEN I]!iil @iiJ @iO @iiJ 

'2S" 

Table 1.7 BACKPANEL PIN DESIGNATIONS FOR INTERNAL INTERFACE (AS SEEN FROM THE 
SOL~R SIDE) 
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 r------------- .. 

CO Is::: I.., 
: OPERATOR Ito I PANEL ...---------1 

..... I. 
I I\0 L ___________..J 

..... 

i 

~ 
3: 

"'CI rr1 
~ ::c: 
<on 
0 ~ 
0 -<
I., 
e 
I\,) -Z 
0\, V1 e -< 

> .( )0 4 4 

INTERNAl 
~ 

7 

INTERNAl 
~ 

<). > ~ 

U 
I\,) V1 ...... -I 

!i 
):I SLAvE 'I"'CI 

896-1024Kb. 
r ­" 
("") -
~-0:z 

WMBI Wfio81 Wfio81"'CI 
~ 
U1 

0 

0 !:!!.! 

SLAVE 1 

MEMORY 0 CLOCK 

SLMEO 

COHTAOt. 

M£MOAV 

CONTROl 

NEMOAY ElEva 
ADDRESS 

128-2S6Kb. CONTROL BAR SELECT 0-128Kb. 

WM81 

CARD 
CARD SELECT 

MEMORY PRESENT 

DATA 110 

WM81 WMCI 

I 
CENTRAL 
PROCESSOR 
UNIT 

I- ­

+SYSTEM BUS 

(FOR IHT£RFM:E ElETAIU 

SEE SECTION INTERFACE) 

SLME 2 SLAVE 4 SLAVE 6 
256-384Kb. 512-640Kb. 
 768-89SKb. 


WMBI WM81 WM81 

.lU1 

~ 

.... 

Nt 
CJ"I 

I 



1.6 INSTALLATION DATA 


'J 

1.6.1 CARD INSTALLATION (Refer to figure 1.10) 

The location of the memory control card and successive memory slave cards for 

increasing memory capacity is fixed by the wiring on the backpanel. 

There are no straps or bridges whatsoever on the special backpanel, memory 

control card or memory slave cards for adjusting the memory capacity within a 

1M byte module. 

For a required memory capacity the cards must be inserted in the backpanel as 

given in the table below. (The table 1.8 shows a complete UPL bus system.) 

Backpanel lac 15 16 17 . 18 19 20 21 22 23 

Card type WMB1 WMB1 WMBI WMB1 WMC1 WMB1 WMBI WMB1 WMB1 

Card sel ect no 7 5 3. 1 0 2 4 6­

Mem size (byte) 

o - 128K x x 

o - 256K x x x 

o - 384K x x x x 

o - 512 x x x x x 

o - 640 x x x x x x 

o - 768 x x x x x x x 

o - 896 x x x x x x x x 
o - 1M x x x x x x x x x 

) 


,) 
Tab1 e 1.8 MEMORY CAPAC DETERMINATION 

Fran a hardware point of view it is not necessary to have the memory slave cards 


ranked together; in thi s case gaps in the memory area of at 1ea st 128K bytes 


will occur. 


These gaps may be fi 11 ed with other memory card·s e.g. 


2 x 64 byte memory cards with E.C. 


';) 


P4500-026/027 8104 1-26 



) 

STANDARD UPL BL~KPANEL CARD LOCATION NUMBER 

') 


S 

r 

(WAn 

1 2 3 4 5 6 7 8 • 10 11 12 13 14 15 16 11 
~~-~~---~--~-~~~- ,. ~ ,!! ~ ~ ~ 

ill 
I!l 

I
-~~~~~-~~~~~~~-~--~-~~-

- - r-­ - r-­ :-­

~~ __ I.o.-,--_ 

SPECIAL BACKMNEL FOR 
...eVTE 
MENOAV (wen 

-r---r--~r--~-r--

1 5 3 1 0 2 

I ­ .... ­ I ­ .... r-

NEMORJ SLAVE CARDS 
(WMB1) 

MEMORV CONTROLCAAO 
(WMCI) 

4 I@ 

~ 

~ 

l,.... 
SLAVE 
SElICTNUMBER 

F';gurel.l0 BACKPANEL FOR 1M BYTE MEMORY MODULE P4500 

'J 

o 
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)MEMORY CONTROL CARD 
(WMC1 ) 

~ 

MEMORY SLAVE CAROS 
(WMS1) 

..-...,---,.....---,,---,,...--,r--""1~~ +­ h 

1--IL-JL.....IL.....II--IL....lL...JL...JL....lL...JL.....IL...JL­

.....--, r--1 r---1 r----t ,---, ,--, r-­

1--1 L-J 1--1 L.....I 1--1 L....J t..­

r 

r----I,...--, r---'1 r--1 r-­

L....I-I L. 

MEMORY SLAVE CARDS 
(WMB!) 

MEMORY CONTROL CARD 
(WMC1) 

Olf'n 

--~-----

SPECIAL BACKPANEL FOR 
512 KBYTE MEMORY 
IN P4200 
(WE1) 

) 
SPECIAL BACKPANEL FOR 
m2p~~E MEMORY 
(WD1) 

Fi gure 1.11 BACKPANEL FOR 512K BYTE ,MEMORY MODULE P4500S 

J 

v 
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') 

MEMOR'( SLAVE tAROS 
(WMB11 
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1.6.2 MODULE SELECT STRAPS 

The module select address is a binary number installed by 4 straps ) 

{strapnr. 0 - 3, nr. a most significant. 

By means of these straps addresses up to 16M bytes (8M words) can be handled in 

multiples of 1M bytes (512K words). 

The relation between module select and strap location is listed below in Table 

1.9. 

) 

X Hexadecimal address number J
** Manufacturer position of straps 

Table 1.9 STRAP POSITIONING TABLE 

Module 

select 

address 

Memory 

array 

Location of the strap 

0 1 2 3 
10 1 X 

111 X 

12' X 

13 1 X 

14 1 X 

15 1 X 

16' X 

17 1 X 

18' X 

19 1 X 

lA' ,X 
IBI X 

lei X 

10' X 

IE I X 

IFI X 
'---­

OM - 1M 

1M - 2M 

2M - 3M 

3M - 4M 

4M - 5M 

5M - 6M 

6M - 7M 

7M - 8M 

8M - 9M 

9M - 10M 

10M - 11M 

11M - 12M 

12M - 13M 

13M - 14M 

14M - 15M 

15M - 16M 

18B7 

18B7 

18B7 

18B7 

18B9 

I8B7 

18B7 

18B7 

19B7 

19B7 

19B7 

19B7 

19B7 

19B7 

19B7 

19B7 

18B8 

I8B8 

18B8 

I8B8 

1988 

1988 

1988 

I9B8 

18B8 

I8B8 

I8B8 

I8B8 

19B8 

I9B8 

19B8 

I9B8 

18B9 

18B9 

19B9 

19B9 

18B9 

18B9 

19B9 

19B9 

18B9 

18B9 

19B9 

19B9 

18B9 

18B9 

I9B9 

I9B9 

18CO ** 
19CO 

18CO 

19CO 

18CO 

19CO 

18CO 

19CO 

18C0 

I9CO 

18C0 

19CO 

18C0 

19C0 

lOCO 

19C0 

w ~J'l~::J (:J.:,;,::::)(:'JiM:':~ 
W [:J'h::J C};'~':::::I :.~"" ~~ 3 

~ CJ'~'~::J C};;,:::::I, .....,. Irfi:ru-u-t) "Ii"lili""""" 

2 
1 
o 
9 
8 

Figure 1.15 MODULE SELECT STRAPS ~ 
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1.6.3 INTERCONNECTIONS 
'~, 

CARD P0 SIT I f2JN 
f2JN BACKPANEL 1 5 16 17 18 1 9 20 21 22 23 


SLAVE7 SLRVE5 SLAVE3 SLRVE 1 MASTER SLAVED SLAVE2 SLAVE!.! SLAVE6 

!JffiJ Cii3'fJ CASOl 	 C'iiID 


rem CASOII Oiill 0iFl 

C'ii3IJ ["iiIi] CAS Il 	 [iiill 


msJ CASIII Cii3IJ ['jj'3IJ 

@f] CSON ['lffi] 


["'jijfl CSIN [Jiill 

mrJ CS2N ["'ii'ID 


Dim CS3N ['ii32] 

[ilOl CS~N Oiill 


0ffiJ CSSN Ci2iJ 

['ii2iJ CS 6N IJiID 


[Ji'3?] C57N rem 

MEMI2lR'f' SLAVE 0i23J Dim 0i2D Cii2'iJ EMDI [iii] EMDI [ffi] Dim [ffi] [Ji'2'f] 


0i2D Cii2IJ 0i2IJ Cii2IJ N~DI. Ci[fl 


SLAVE 

CARD-~·mB Ciill MAOR Dim Cii2IJ Dim illIl 000

512219425140 [ill] mn [TID [ill] CiIIJ CONNECTOR E~ij~ECTOR:
MAIl. 

@IJ MA I R [IiI] 	 [CIfl [IiI] [TID ABCA BCD 
[JiiiJ f]i!iJ Oi'ill [JijiJ "~2L [ii'i"3] D 	 D

Cii3J MA211 Oiill 	 f]i!iJ Oiill 0i'IiJ 1 TO 32 D ------0 . -- 0 
['iiID] [ii2OJ IBfJ f]i2OJ "~31. [ffiJ 

'J 	 [Ii"5] MA311 [ill] []@J [ill] [ii'2O]MASTER 
[fIT] mIl [f2I] [ill] "RYL 0i'iiJ 


MEMI2lR'f' CI2lNTRI2lL Ifi6l MA~II [f2I] rnD rsm mIl 

[JiIfl 0fiIl [iiIJ Ci[fl "1'151. 0iTiJ
CARD-rmC 

[C'i'2] MASR f"iiiTl f'"iii1l f"iiiTl f'"iii1l 
FROM CARD POSITION ON BACKPANEL512219425150 r=rnJ 	 [ill] [fill r=rnJ "A6L fJiI2J 1-2.3-4.5-6.7-8.9-10.11-12.13-14. 


Ici3l "A6A WI1 ITiD WI1 Wil ARE THE LOGIC POINTS CONNECTED AS 

[ffi] ['C'?O] [WJ [ffi] "A7I. Ciii'5J SHOWN. 


[iiii] "1'1711 !SID rgiiJ [C'2'ii] fC20l 

0iIiJ []Iil [iiill 0iIiJ "1.150 Cii9l MIIISO [Jiill []Iil !JiiiJ [iiill 

[C'j"3J rem [C"i"3] [C'j"3J "I,ISI CiOil "1I1SI [C"i"3] mn WIl rem 

[CISJ [ill] [Jill [fi5J "1'152 [ffi] "'1152 [Jill [ill] WTI mn 

CiiITI 0iIfl nml !JiIfl "11153 CCOiJ "'IIS3 fJi"iIl CiiIfl (Ji'i'I] [']iIi] 

IJiI5l [ii"i'5] [Ji"i"fl 0iiSJ .IIIIS11 0i0iJ "'ItSli [Ji"i"fl [ii"i'5] Oiill [Ji'i"5] 

[ii02J [JiOfl 0iiifJ 0iii2J "11100 0i0"fl "'laOO 0iiifJ [Jiifl [Jffif) CiiifJ 

!JiOiiJ !JiOijJ fJi9iiJ [jiQijJ "1110 I [jiOiiJ "'no I 0iiiiiJ 0i0iiJ 0iiiiiJ 0iiiiiJ 

OITD 0iiIl IliITl 0iITJ "1.102 [""'ROil MIII02 0iITl [Ji'iIJ 0iITl Oiill 

@ii] [ffi] [JOiiJ @ii] "11103 rtOiiJ Ml1li03 [CijijJ CC9iiJ ['CiiijJ [CijijJ 

0i0?J [Ii07l Oiill 0i0?J "111011 Dim MIIIIOli ["Ao1] Oiill 0i0D 0i0D 

['C'05] @5] roo ['C'05] "11105 msJ "'11105 roo [C05J roo [C""05] 

mn [C'O'fJ miD rem "'"06 rem "111106 fCii'fl rem rron mD 

0i0IJ !JiijJ 0iiiIJ 0i0IJ "11107 0i0IJ "'.107 0iiiIJ Oiill 0ffifJ Diill 

[JiOiJ [iiOiJ [Jiill [iiii] "11108 ["i03l " ,me [Aiiil f"Aoil [iiOiJ !Jiill 

['ffij] [C"Oi] !1ill @i] ""109 [iO'5] "l1li09 rgi9J CC'OiJ rgi9J [CijiJ 

[A05] [ii05J Oiill [J@5J "1.110 [ii05J "'1110 Oiill 0iID 0i05J 0i0fl 

mIl f1ill mIl @I] "11111 mIl MIll 1 1 mo f1ill mIl [Cill 

ITail []Oil @iil [Toil "1.112 [iDfJ ""1112 @ii] CCOiJ ITiiiJ @iil


) [t5f] CtOfJ [£Of] CtOfJ "'.113 [f02] "'.113 [£Of] [Cif] @if) [£Of] 

0i0iJ 0iID fAoil [JiOiJ ""11 II [iOi] "l1li1" fJi'OiJ rAoil 0iiiiJ !JiOfJ 

mn @Il WIJ mn mIlS Ciill "'IllS Cffi] rgIJ ITiTl WIJ 


[i2iJ ""ROM [1]fl 

[CID "~RIN [iillJ 


rem ""II2N [C"jf] 

[Qfl "PII3N Oiffi 


!Sill """IIN ('"'C'3fl 

@f] "PII5M [ill 


rem ""1I6N rrnl 

[Cifl "~'I7N Ciiill 


@fl ["'Ui] IIASOl [ill] 

am ~ASOR ['C"2iJ rem 


lliil rem IIASll [iffi 

rem ~ASI~ ['C"2iJ @fl 


0i27J CiiffJ !]ill CiiffJ IIIG Dim ~IO !]ill 0iID 0i2IJ !]ill 

rt2SJ [ffi] [ill] [ffi] "It aru ,.81 [ill] [ffi] [ill] [ill] 

!Ji?5J 0i2SJ !1i25J Oiill "12 0i20J 1112 !1i25J 0i2SJ !Ji2'fl CiiID 

mn rem mn rem II., [i2Il~., rmJ ICz'7l rmJ ran 

["f23] f]ill mD rem "FCr" [Jffl ~FCT" @fl f1ill mn mD 


TllEC" run TllEtN 


TlL~F lJiiiJ TILlV' 


[ffii] [ffi] roo [Wi] liEN @I) liEN roo [ffi] [f2ijJ roo 

1J15ft Figure 1.17 	 BACKPANEL INTERCONNECTIONS 
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/) 
17 18 19 20 21 

SLAVE3 SLAVE 1 MASTER SLAVEO SLAVE2 
[iijD !JiID CASOI.!JiiiiJ 

mD CASOII omJ ffiil 
CASII. [jiifl 

mil CRSlft 

roo eSON [}i'3f] 
[iill em Oiill 

fiFJ CS2N omJ 
0illJ ellS" Cii'3fJ 

[iii] CSIIN 


ellS" mil 

[ii2iJ CSSN 


<CS1N rem 

lAm JAm END' mil E"D' lAm JAm 


[C'jT] mn "fl I l [iTI]
mn 	 mn mnNRIII 

[ATiJ ['jj'ff] !lAll omJ 

rnn NRZII [iii'9J ['jj'ff] 


Cii?OJ 0i2iiJ !lAll roo 

rtTSJ !'1m Ci!?ifJ 0i2iiJ 


[ffi] rem "Rill omn 

mil NAil A 	 [ffi] )rem 

IJiill omJ PlRSL 0lliJ 

[ffi] MASH [JiIJ Oiill 


[fi'i] rIm MRll [ill] 

[fi"j] IIASA [fi'i] f9D 


@iil mn MRJl msJ 

IJiIiiJ MA7A @iil rem 


fAlil rAiil '1Ileso riiifl "11esO fAlil IAIil 

rill] mn _11111151 ~. IUI.SI [Ci3l rem 

[CTSl ITtSl 111.1152 [E09l "1Ies2 [CTSl ICiSl 

[iIT3l /liTIl 'II laS! Icliil "11.S3 [Ifi3l /liTIl 

riiSl fR1sl 1'11 ••511 rAoil "I88SI1 riiSl fR1sl 

f1i02l IA02l 1'111100 f1i02l ""eoo f1i02l I1iii2l 

rAoiil rAoiil " r1110 I rAoiil "lieD I riiiiiil rAoiil 

IliiTl fAiil 1'1111102 IAoil 1118802 IliiTl IAiil 

[Ciiiil __ rcon "11103 rniil "1~3 rcgijJ rcon 

rAiin IA1i7l "11,011 rAiinllll.OIl [ii'inl IA1i7l 

Iciiiil fCilsl 'Ult05 Iciiiil "1 ••05 Iciiiil fCoSl 

ITo7l [Co'[} """1111 fCo7l "U••06 ITo7l rem 

/Riiil [Ai)il NlIa07 IAiiTl "' ••07 /Riiil rAoil 

JAiil riiOil "11.01 I"iiiil "1 ..01 JAiil IAOil 

rem rcon HlIII09 reosl "11.09 rem rcon 

~ ~ ".HIlO ~~1.1l0 [Jii.iSl l'iiOsl 

ICOtl fCOil "1••11 ICOtl IIIIU 1 ICOtl Iciiil 

rem ICiiil NIII12 ["iOil IIIItl2 rem ICiiil 

JCii2l rcon 1'1 ".!3 JCii2l IIlie 13 JCii2l rcon 

[Aoil ["iiii'i] NI'I,,,[iiil 111.1111 IAiiil rAoil 

[fiil mil "1.115 rem "'••15 rem IciTl 	 J 

[iii] HrftON 	 [lif] 
roo "PRIN 	 0ifiJ 


rtITJ 11"1121'1 [5f] 

roo "'R3H 0iliJ 

[C2il ""/1111'1 


"PASH [iill 

[BiJ 11"11&1'1 

"Pfl7N fA2il 

@i) @i) IIASCI. [iill 


rcru RRSOII @i) @i) 

IIASIL [iUJ 


rczn 111'15111 

~ rnTI ~ JAm ",0 fA27l IR21l 

mil msl 11&1 rnoJ.1I1l mil msl 

mil rA2sl 1182 ITziil 1'112 I1iZil Ili2Sl 

mn rem lin rem "'13 rem rem 

mil rnn AfCl" mn IIFelN rem m3l 


nu:c" rgn TILECH 


TtLRf 0iiTJ TIL"" 


ICiil ICiil lIE" ICii1 IIEH IC2il ICiil 


Figure 1.18 BACKPANEL INTERCONNECTIONS FOR P4500 SMALL 512K BYTE ~ 
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r, 

CARD P0SITI!2IN 

"N BRCKPANEL 15 16 17 1 8 19 20 21 22 23 

5LAVE7 SLRVES SLAVE3 SLRVEl MASTER SLAVED SLAVE2 SLAVE4 SLAVES 


["]lli] Oiill CRSOl 


["]lli] []ill 


roo CSOM f1ffil 

0iID cs I N [lffi] 


mo CS2M 0iID 

f1ffil em f1ffil 


[i"3O] (SIIN 	 QrnJ 
Dill (55" roo 


SLAVE 


MEM"R'T' SLAVE 

CARD-WMB 


ODD 	 EVEN
51221942S11W 	 CONNECTOR CONNECTOR 

ABC ABC 
C'iiIfl ['ii'ijJ fJiIiJ 0iIiJ "R2l CiiI3J o 0 

[ill] I1RlA CijT[J ['ii'ijJ CiiiIl 0iIiJ 1 TO 32 0 0 
[Alii] IJ@l Ci@l [Alii] MR3L [i"f5] o 0 

MASTER [ill] 11m Ci@l IJiill f]2liJ [Aifl) [ill] @D [ffi] [ill] "AIIL [Jj"ijl 

MEMI2lR'T' C0NTRI2lL CTIiD I1AIIA [ffi] am [ffi] [ill] 
[ii'iT] mD O[fl [ii'iT] MASL [i[i]CARD-WMC 0Jfl 11A51\ O[fl JJITTI O[fl 0fiTl 

FROM CARD POSITION ON BACKPANEl512219425150 	 rcI9J [ffi] rcI9J rcI9J 0ITflMR6L 1-2.3-4.5-6. 7-8.9-10.11-12.13-14.mn I1A6A rcI9J [ffi] [ill] rcI9J ARE THE LOGIC POINTS CONNECTED AS 
roo [J?OJ roo roo [iiiSJ SHOWN.MA7L 

I}Ii[l MA7ft roo fC20l [J?OJ fC20l 

0iIiJ 0iIfl IJiiiJ 0iIiJ meso omn HI8eso IJiiiJ [1ii'iJ 0IiiJ [ii'i'i] 

I]TfJ [ffi] I]TfJ [fill Hlml Ci'ii!J 'H8eSI I]TfJ ITill [ffi] [fill 

f1TIO o:m f1TIO f1TIO mm @i9l 'Him f1TIO o:m [illJ f1TIO 

[JiI'3l [jffiJ CiIT3J (Ji"f3] "18m [£iii] IUleS3 CiIT3J 0iITl 0iijJ orm 

O\ITJ Cii"in ['iIT5] !J[fJ mm 0j0fl Hll.,,, ['iIT5] !J[fJ CiiI5J O\ITJ 

[M2J DliiD CRill [jiiifl maao 0Wfl "18&00 CRill [jiiifl [iiiifJ [M2J 

Oiill [ijijij] IJiWl [iii)ijJ ""801!JWiil IH 11180 1 [JiiiiiJ roo [JiiiiiJ 

0iITJ mo 0iiD "11.02 f""Ao8l "11m 0iITJ DiiD 0iITJ 

[COiiJ ['C"§ij] ["fOijJ ~1I8a3 rem "18e03 @.iiiJ @iij] @.iiiJ 

IA07l [ill] Oiiifl "11&04 [Jiii"7] "18.011 Oiiifl [ill] 0iiffJ 

[]i15J roo [Cii5] "lIe05 fSiiFl "18.05 ['tif5] mD !Sill 

@ffJ mn CEiiIl m&06 @iIJ "1111806 @ffJ mn I]1ill 


["iii)SJ Oi¥l OWSJ [if§f) HlIm !JiO'jO "1 •• 10 []ill O!ii'f) [Ji05J !JjiiIJ 

ram ram ram ram I1iiD ram ram [ill] ram
Kla"ll "18'11 


@iil [fiii] @iil @li] mm rea?J Ml1ll812 @iil @li] @i] @li]
) 	 ram [C"iif] Uill Win 14 liD 13 Win "18'13 [C'Cjfl rnn [CijfJ ram 
!Jjiii) Oiji[l 0iii9J [iiiii] mill ~ C'iiifl "11m 0jiiifJ fWl 0j0fl IJiOIl 
CfiTJ mD [fIT] [fiT] MUllIS [iiij] "11e1S IJID [fiT] @Tl FIITl 

[i2iJ Iff'AON !]ill 
[ill] 

roo 	 "I'A5M mn 
rgn ""A6H [ill] 


[ill] "I'R7M 0iZil 

!Sill !Sill IIASOL [i?"3] 


[t2iiJ RASOR !Sill !Sill 

!Sill @'il AASIL [ill] 


rem RASIR @i] !Sill 

['ii2fI IJjill rmJ mn 1\80 0i2D ABO 0iITJ Oiill 0iITl I]'2!l 

I]iSJ [ffi] I]iSJ I]iSJ I\DI Cf2ijJ ABI I]iSJ [ffi] [ffi] [ffi] 

IJi2Sl [ill] !Jill IJi2Sl 1182 Cii2iiJ RIl !Jill [ii25J 0j'2'SJ 0i2SJ 

[ffi] [ffi] [ffi] [ffi] AII3 mn RIll rem [ffi] rem [ffi] 

!Sill [ffi] [ffi] !Sill I\FCTN mTI ftF(TN [ffi] [ffi] [ill] !Sill 


TIlLE'" I1ID TILEt" 


TIIllIf' [iii'i] TIILAI' 


[fiii] @ij] [t2iiJ mn WEN ClliJ liEN [t2iiJ mn rem [ffi] 
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J
17 18 	 19 20 21 

SLAVE3 SLAVEl MASTER SLAVED SLAVE2 
[]i'ji] Ciiill CRSOl!Ji2iiJ 

mn CASOR !Jffi] Ciiill 
C"'Sll 	 mn 

mn CASIA 


mn CSON I]ID 

[Ji3jf] CS I II 0ffiJ 


mIl CS2N Oi"ill 

I]ID (S3" I]ID 


I1im rAm I"iiiil rAm 

IJiITJ [iiill "Rill 0ITfJ 


mIl MAOI'I IJiITJ [iiill 

rem [ff7] MA I l [iTI] 


lliiJ "AII'1 @I] [fill 

0iiiJ ['ii"ii] IIA2L [iill] 


[iIfl MA2A 0iiiJ ['ii"ii] 

Dim /Ji'ZOJ MAlL [iffi] 


mD MII311 Dim [J@O 

I""Clll I1Yl "R~l []iIfl 


mn "R~I'I [ffi] I1Yl 

[jjIfl DITD "R5L [iillJ 


[fifJ MASII [jjIfl DITD 

[CTi] [ill] IIA6L 0iiIl 


[C'iIJ MA6A [CTi] [ill] 

Cilll @iil KR1L I]Ifl 


[i"i'ijJ MA1I1 ["fiji] [C2ol 


[Aiil nmn "leaSO riiOl 1'111.50 [Aiil IAi6l 

ITtn rem 1I11.S1 I"i09l 1'111.51 ICiTl rem 

[l:'iTI [CTIl "I laS2 ICrJ9l "'1852 [l:'iTI [CTIl 


IJiill ___1JillJ "1 ••53 Iciiil "'leS3 IJiill JAm 

[Aiil IAi5l "Ins~ ["'iiii9l "'88S11 IAi5l IAi5l 

fAQI] fiOZl "11800 fAo2l HII'OO rAo2l rAo2l 

[ROiil [IiOiil " 11&0 I fAOiil "11.01 [ROiil [IiOiil 
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2.1 GENERAL 


The memory block diagram (figure 2.1) and the description is given for a-) 

complete module; 8 memory slave cards, one memory control card and a backpanel. 

The 8 memory slave cards in the block diagram are drawn in the same sequence as 
they are mounted in the backpanel. 

The location of the memory control card is given by a dashed line in the middle 

of the memory slave cards. 
The functional position of the memory control card is between the memory sl ave 

cards and the UPL bus. The interface between the memory control card ard the 

slave cards is via the memory backpanel. 

2.2 MEMORY ARRAY 

The complete memory module is organized as 8 times 64K16 bit words canprlslng 
)

entirely of dynamic MOS read, write memory device of the 4116 (Mostek) type. 

For error detect ion and correct ion 5 bits are added to the 16 data bits so the 
memory ;s actually 512K21 bits. (16 + 5). 

The memory array on each memory s1 ave card cons; sts of 4 bars each of 21 memory 

devices. 

Read and Write cycles are always carried out for all 21 bits, independant of 

whether word or character mode is used. The memory devices have, in order to 

allow the smallest possible package, the 14 address bits necessary to choose one 

out of 16.384 bits multiplexed into 7 address inputs. The two multiplexed 

address words are 1atched into the RAM with two cl oc ks Row Address Strobe (RAS) 

and Column Address Strobe (CAS). ) 

Due to the dynamic nature of the memory devices data must be restored 
(refreshed) by selecting each row within a 2mSec period. 

J 
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2.3 ADDRESSING /J
There is a total of 24 bits used for addressi ng which are organi zed as follows: 

MAD: Eo El E2 E3 E4 E5 E6 E7 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
L...J 

a b c d e 

- a) 	 Module select addresses. This part of the address string is used to give 

the complete memory module an allocation between 0 - 16M bytes in steps of 

1M bytes, (see also Installation section). 

- b) 	 MADE4 to MADE6. Used for selection of one out of the eight memory slave 

card s. 

~'hen selecting a present memory slave card, indicated by MPR-N (Memory )
Present) low, the si gnal CSEL will enabl e both the memory cycle and the 


CS-N signal (Card Select Not) to the memory slave card. 


In case of refresh, the card select decoding is overruled and ~l cards are 


sel ected simul tanously. 


- c) 	 MADE7, MADOO • Used to select one out of four of the memory device bars on 

a sl ave card by means of the RBO-3 si gnal s (Ras • Bar). In case of refresh 

all bars will be selected simultanously. 
;~ 

\.: 

- d) 	 MAD01 to MADI4. Memory device address. Used for selecting one out of 

16.384 memory element within a memory device. 

These address 1ines (14) are mul ti pl exed into two 7 bit address words as 

required by the memory devices. For buffering and timing reasons the left] 

and right hand memory slave cards have their own multiplexors on the memory 

control card. (MA-L, MA-R = Memory Address Left, Right). 

During a refresh cycle, the least significant memory device addresses are 

suppressed and an internal 1y generated address is offered to the memory 

devices. 

This internally generated address (refresh address) is increased by one at 

the end of each refresh cycle to a val ue of 128 (number of rows within one 

memory device). 

-	 e) MAD15, Character pointer. It will be used in character mode only MAD15 

indicates if the least or most significant octad (character) of the memory 

is directed to the least significant group of BIO-N lines (BI008-15N). 

:J 
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2.4 DATA I/O
-J 

2.4.1 TYPES OF TRANSFERS 
There are six possible types of transfer indicated by a combination of ~IRITE, 

C~ and MADlS signals as illustrated in the table below. 

CHA.\:lRITE 

01 

1 1 

) 

1 1 

0 0 

o . , 1 

0 1 

J 
-

MADIS 

Don't 
care 

0 

1 

Don't 
care 

0 

1 

OPERATION 

The 16 bit wond on BIO(OO-15)N is written 
at the given address. 

The right-hand character on BIO(8-15)N is 
written into the left character position of 
the given address. 

The right-hand character on BIO(8-15)N is 
written into the right character position of 
the given address. 

The 16 bit word is read out onto BIO(OO-15)N 

The left-hand character is read out onto 
the right character position on BIO(8-15)N. 

The right-hand character is read out onto 
the right character position on BIO(8-15)N. 

----~ 

Table 2.1 CYCLE MODE CONTROL SIGNALS 

These various types of transfer are laid out in simplified form in figure 2.2 
'SIMPLIFIED DATA TRANSFER ' • 
Note that a memory cycle always reads or writes a complete 16 Bit word and also 
that all character transfers to and from memory is via BI008-ISN. 
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- Read Word 
")

A word is read frcm the memory array and is routed di rectly through latches 

(LAT) 3 and 4, exclusive or (XOR) and TRansceiver to the BlO ••• N lines \\tliie 

the decoder output to the XORls is disabled. 


Data and S bits are offered to the parity and decoder circuits, which checks 

for data error (single bit error). If no error is detected, the -decoder stays 


disabled, and Data out is stable. If there is an error the decoder is enabled 


and the -fa i 1 i n9 data corrected. The data on BIO-N 1 i nes is thus valid 1ater on 

in the cycle causing the complete cycle to be stretched. 


- Read Character (Left or Right) 

A left or right character is read as in a Read Word cycle except that only the 

data from the selected character of the memory word is presented to the Right 
character (least significant octad) of the BIO ••• N lines. ) 

- ~/ri te Word 

Data on the BIO••• N lines is routed through Transceivers 1,2 and Latches 1,2 
to the memory array and via Latches 3, 4 to the parity ci rcuit. The parity 
circuit generates the appropriate error correction code w.ich is written, 

along with the BIO••• N data, into the memory array. 

- Write Character (Left or Right) 

Because error correction bits are derived from a 21 bit word, a complete word 
must be made available to the parity circuit. 

To fulfill this requirement the old memory data is read first, corrected and 
latched in latch 5 and 6, then the new character on the BIO ••• N lines an:! the 
complementary old character (stored in the latch) are offered to the memory J 
and the parity circuit as in a normal write cycle. 

J 
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BIO 00-07N 81001-15N 

READ WORD 	 READ LEFT CHARACTER 

BIO 08-16N 

READ RIGHT CHARACTER 

LAT • LATCH) 	 XOR " EXCLUSIVE OR 
TR • TRANSCEIVER 
BUF • BUFFER 

READ 
CYCLE 

81000-07N 81008-15N 

) 

15 

Figure 2.2. SIMPLIFIED DATA TRANSFER MODES~ 
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MEMORY ARRAY 

00 15 


WRITE LEFT CHARACTER 

MEMlRY ARRAY 
00 15 

WRITE RIGHT CHARACTER unl1 

MEMORY ARRAY 
00 

WRITE WORD 
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2.5 CONTROL AND TIMING 

~Iithin 	 this block the following functions are 

- 2.5.1 Arbiter 

- 2.5.2 Refresh Control and Timer 

- 2.5.3 Memory Timer 

- 2.5.4 Memory Cycle Mode Control 

2.5.1 ARBITER 

)perfonned. 

The Arbiter will choose between external requests (TMRN) and in.ternal refresh 

requests (RFRQ). It al so synchronizes the external requests with the internal 

clock oscillator (X-tal 16mc). 

2.5.2 REFRESH CONTROL AND TIMER 

The refresh circuitry which is necessary due to the dynamic nature of the memory '-) 
devices consists of two parts. 


The Refresh timer has a period time of 15 llsec during which one refresh cycle 


must take place in order to refresh all 128 rows in a memory device within 2 ms. 


The refresh control logic will request either a IIhidden li or "autanaticll refresh 


cycle and also execute all control functions required during a cycle. 


At the end of the refresh cycle the refresh control logic will ensure that the 


refresh address generator or counter is incremented. 


2.5.3 MEMORY TIMER 

The memory timer is the general timing generator from which all cycle timing 

signals are derived. 

2.5.4 MEMORY CYCLE MODE CONTROL J 
As previously mentioned three input signals WRITE, CHA and MAD15 indicate the 

type of transfer to be performed. These three si gnal s are latched in and 

decoded. The decoded outputs in conjunction with the memory timer will create 

all the timing signals necessary to control the data I/O bus. (I/O Bus Timing 

Control). 

These timing signals are al so used for cycle control ie. Read, Write Cycle and 


Word or Character mode transfer., 


J 
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3.1 GENERAL 

In this subsection a logical description will' be given for the various parts of , 

the memory module, as used in P4500. In section 3.10, some information is given 

for the hi gh speed version as used in PTS8000. Thedescri pt ion will be gi ven as 

far as possibl e, for a compl ete modul e. 
A complete module consists of the following items: 

- Memo ry cant ro1 card; ~4MC. 

As can be seen in the block diagram this card forms the interface between the 

UPL bus and the memory slave cards. 
All the logic for address, data, error-correcting and timing has been 
concentrated on this card in order to reduce the number of TTLls in the memory 

modul e .. 

- Memory slave card; \tfMBl (8x) ) 

Each sl ave card contai ns a part of the memory array, some buffer logic and a 
+12V to -5V converter for the memory devices. 
Except for OK! -OKO and power supply the memory sl ave card has no interface 

with the UPL bus. 

- Memory interface backpanel 

The backpanel forms the interface between the memory control card and the 

memory slave cards. Due to a unique wiring for card select and memory present, 

each card in the memory module has its own predetermined slot. 

3.2 MEMORY ARRAY (See figures 3.1 and 3.2) 

As mentioned previously the compl ete memory array is divided on 8 memory slave 
cards, each card contai ni ng 4 bars of 21 memory devices. 

) 

Each memory device has a capacity of 16,384 bits so that one memory slave card 
contains 64K21 bits and the complete module contains 512K21 bits. 

The word size of 21 bits is necessary for the nonna1 16 data bits and 5 error 

correction bits, in order to have the possibility to detect and correct one 

error. 

The manory cells in the memory device are organised into a matrix of 128 x 128 

cells. 

~ 
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.i 

The 14 address bi ts requi red to decode 1 of the, 16,384 cell locations withi n the 

memory device.are multiplexed .onto the 7 addr.ess inputs and latched into thp. on) 
chip address latches by applying two negative going TTL clocks. The first clock, 

the Row Address Strobe (RASN) latches the 7 row .address bits into the chip. The 

second clock, the Column Address Strobe (CASN) latches the 7 column adddress 
bits into the chip. These 7 addresses, CASN and the read/write signal \olEN are 

offered to all memory devices on all cards without decoding. 

Selection between the different bars of 16K21 memory is done by gating the RAS 

clock with a CS(Card Select) and RB(Ras Bar). So only one RAS-N clock, and thus 

one bar of memory devices, is activated at a time. 
The input for the,' <:locks RASand CAS are derived fran the Memory Timi n9 

circuitry .. 
Due to the dynamic nature of the memory devices used, each of the 128 rows of 

~ 	 the memory device matrix must be refreshed every 2 msec to maintain data. 
In order to limit the number of refresh cycles, all memory devices on all memory 

slave cards are refreshed at the same time. 

During Refresh the selection on RAS, Card Select and Ras Bar, are overrule::! and 

all RASN clocks are activated, and therefore all memory devices. At the same 
time the CASN clOCKS are kept inactive (high) to avoid output bus contention, 

whi 1e the outputs of 4 bars on a card are I wi re ORed I • 

) 
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3.3 RAM DESCRIPTION 

, The RAM used ; n the memory modul e uses a device manufactured by Mostek 

(MK4116P-4). The features are: 
a) 16,384 	x 1 bit organisation 
b) standard 16-pin package 
c) standard +12V, +5V, -5V power supplies required 
d) low power - 462"",' active, 20mH standby 
e) all inputs (including clocks) and output TTL compatibl e,. 
f) 128 refresh cycles every 2 msecs 
g) output 	 data cantrall ed by CAS-N and unlatched at the end of the 

cycl e 
h) access 	time 250 nsec, read/write cycle time 410 nsees 

-5V Power 	 VBB 
} 	 Data In DIN 

Read/Write Enable ~'RITE-N 

Row Address Store RAS-N 

-{AO
Address Inputs A2 

Al 
+12V Power VDD 

Figure 3.3 

1 16 VSS Ground 
2 15 CAS-N Column Address Strobe 
3 14 DOUT Data Out 
4 13 A6 
5 12 A3 Address Input s 

A46 11 

7 10 A5 
8 9 VCC +5V Power 

RAM PIN CONFIGURATION 


The following pages indicate internal chip timing relationships for Read Cycle 
(fj!Jure 3.5). ~·Irite Cycle (figure 3.6) and Refresh Cycle (figure 3.7), as well 

~ as a simplified Block Diagram of the RAM (figure 3.4). 

:J 
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3.4 ADDRESS SELECTION {See figure 3.8} 

f) 
3.4.1 GENERAL 

There is a total of 24 address bits used for the address selection, organised as 

follo~/s: 

MAD: EO El E2 E3 E4 ES E6 E7 '00 	 01 02 03'04 05 06 07 08 09 10 11 12 13 14 15 
~--------~----~. ~'----------~ 

K 

Selects one Selects 

out of IS one out of 

1M byte 8 slave 

modul es cards 

~ --"~ 

Sel ects one out of~16 ,384 cells ina 

selected memory device 

14 -; 08 = row address 

07 - 01 = column address 

Sel ects 
) 	 one out of 1eft right 

four bars of char. select 

16K memories in char .mode 

on a slave card 

Due to the requirements to switch off the address on the UPL bus after ACN it is 

necessary to store all addresses at the begin of the memory request until the 

end of the internal memory cycle. Therefore all the addres'ses are latched, the 

latch signal LDABN (Latch Data Address Buffer) is derived by ORing TMR) Memory 

Request) and CYBUSY (Cycle Busy). 

For examples of module select and card installation, see chapter 1.6 

3.4.2 MEMORY DEVICE ADDRESSES) 
The memory devices need to be addressed twice within a cycle in order to select 

a cell .. So the memory device: addresses (MADOl-14) are multiplexed, and selected 

by timing signal MX.L/R. 

The addresses are output in parallel for the left and right hand memory cards 

for timi n9 and fanout reasons. On each memory sl ave card the addresses are 

buffered again with two buffers. So each buffer has a load (only capacitive) of 

42 memory devices. 

At the start of a cycle MXL/R is low and the MAL14-08 lines are choosen and 

offered as AO-A6 to the memory devices, t~ey are latched into the memory device 

with the RAS clock. 

When the row addresses are latched in, the MXL/R signal becomes high and the 

MADD7-01 lines are choosen and offered, as AO-A6 again to the memory devices but 

~ latched in now by CAS (Column Address Strobe). 
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Duri ng 	 a refresh cycl e the output of the address input 1atch for MAD14-08 is 

'} 	 disabled and the output of the refresh address counter buffer is enahled. The 

refresh addresses are now buffered as the Row addresses to the memory array. 

In case of battery stand by mode the refresh address, must still be offered to 

the memory deVices so only the latch for the col umn addresses can be swi tched 

off. 

Future 64K memory addressi ng 

The somewhat confusi ng wi ri ng of MAL07 is made for possibl e future IJse of thi s 

control card with 64K memory devices. Therefore MAL07 is wired as the least 

significant column address for 16K memory devices and also as the most 

significant row address for 64K memory device's. 

3.4.3 BAR SELECTION (See figure 3.9)
) The MADOO and MADE7 address bits are used for the sel ection of one out of four 

bars of memory devices on a slave card. The address bits are decoded on the 

control card to provide the signals BARO-3. These four selection lines are 

buffered and lANDED' with RFCYNB (Refresh Cycle Not Battery). 

The buffered signal s RBO-3 (Ras Bar) are offered over the backpanel to all sl ave 

cards to sel ect one RAS clock per card. So each RB signal has a load of ei ght 

gates. In nonnal Read, ~lri'te cycles RFCYNR is high but in a Refresh cycle RFCYNR 

is low and all RB lines are high, now all RAS buffers are aictivated. Ouring 

Battery Stand By mode only the RB buffer and the RAS buffers are kept active and 

the address latch for MADOO. MADE7 and the decoder are switched off. 

,) 
III 

::I 

CD 

~ 
::I 

~ 

DECODER 
2-4 
5139 

~ 

ARFCYN 

MEMORY CONTROL CARD 	 NEMlRY SLAVE CARDMEMORY BACKAt.NEL 

BAR 3 

BARO 

l = 

III 
U 

~ 
mu 

u 	 Figure 3.9 BAR SELECTION 
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3.4.4 CARD SELECT, AND MEMORY ,PRESENT (See figurp. 3.10) 


The MADE6, MAOES'and MADE4 address bits are used for the selection of one out of, 


eight memory slave cards. The address bits are offered to a decoder w,ich has as 


output eight select 1 ines SO-7N. These signals are ',and' with RFCYN (Refresh 


Cycle Not). The now obtained signals CSO-7N (Card Select Not) are offered each 


to one memory slave card. 


Only the memory slave card which receives a CS-N signal (low is active) is 


enabled, and can generate a RAS-N signal to the memory devices, al so only the 


selected card can put data on the MIaS lines during a READ cycle (in conjunction 


wi th EMDO). 


CS-N is a low active signal in order to prevent excessive power current (P12P) 


in the memory when power is switched on without a memory control card. 


In a Refresh cycle RFCYN is low and all CS-N outputs will be low too now all 


memory slave cards are activated simultanously. ) 


The address bi ts MADE6-E4 are al so gi ven, after 1atchi ng, to a demul ti p1exer to 


select one out of eight MPR-N signals (Memory Present Not). 


If the selected MPR-N si gna1 is hi gh it means that no memory sl ave card is 


present on the requested card location and the signal CS (Card Select) will be 


low. Now it is not possible to start a Read/Write cycle and to select that 


memory slave card location. On the other hand when the requested card is present 


MPR-N is low, now CSEL will become high and both timing and card select are 


enabl ed. 


3.4.5 MODULE SELECT (see figure 3.11) 

The MAOEO-E3 address bits are used for the selection of one complete 1M byte ,J
module out of 16 possible modules (Total address feed is 16M byte). 

The latched addresses are compared with four signal s ACEO-3 (Address Compare 

Extension) which can be strapped. When the contents of the two four bits is 

equal, the MSEL signal becomes high and the module is selected. 
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3.4.6 REFRESH ADDRESSING 

A mention will also be made here to the Refresh Address Counter which provides a 
7-bit row address during a refresh cycle (see Timing Refresh Cycle). It consists 

of two 4-bit counters in cascade - that is effectively an 8-bit counter counting 
to 256 (actua11 y 0 to 255). Ouri ng refresh, we must select one. of the 128 rows 

in each RAM so the MSB of this counter is not used arli it effectively counts 

from 0-127. 

The counter is never cleared (because LT2 and LT3 are continuously low since the 
initial state of the counter is totally irrelevant) and is clocked by the signal 

RFCY, indicating that a refresh cycle is taking place. As the counters clOCK on 

the H~L clock transition, the Refresh Address Counter increments by one at the 
end of each refresh. The outputs of the counter, RAC (0-6), are offered vi a a 

three state buffer to the row inputs of the address multiplexer. 

3.S DATA TRANSFER LOGIC 

3.5.1 GENERAL 
As mentioned previously, there are six different forms of memory cycle - Read 

and Write of Word/Left character /Right character. 
The following diagrams illustrate a simplified data flow for each of the six 

cycles described in the following text. Table 3.1 displays the various control 

signals necessary for each of these cycles. 

Data is inverted twice in the memory module, once at the BIO-N transceiver so 
a11 data on the control card and so al so the data on memory interconnect 
backpanel is inverse and opposite to data on theUPL bus. Data is inverted a 

second time between the internal memory bus and memory array. So data stored in 
the memory array has the same pol arity as data offered on the UPL RUS. 

3. S. 2 HR ITE "fORD CYCLE (See fi gure 3.12) 

Data to be stored is present on the UPL bus as BIOOO-ISN. In the word roode, 
transceivers 1 and 3 have open receivers and data is offered through latches 1 
and 2 to the memory slave cards as MIOROO-IS. 
Data is latched into latches 1 and 2 at the start of the internal memory cycle 
in order to have the possibility to release the UPL bus. 

The MIOBOO-15 signals are al so directed, through the transparant data out 
latches 3 and 4 to the parity circuitry. 

During a write cycle the check bit inputs of the parity circuitry are made low 

(MOOLSO-S4) and the parity ci rcui try wi 11 generate the fi ve requi red check bits 
SEVO-4. 

/) 


) 

) 

~ 
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These check bits are offered, through the driver of transceiver 4, to the memory 
'} sl ave cards as MIOBSO-S4. 

Data to be stored and checkbits are buffered agai n on each 51 ave card by the 
receivers of transceivers 5, 6 and 7. This buffered output MDIOO-iS. SO-54 is 
given to the memory devices on all cards. This data will only be written on the 
selected bar of memory devices by means of WEN. 

SiQnal') Invert ed 
SiQnal 

WRITE(V) READ 
CHA(V) CHAN 
MAD15 AD15N) RENCY 
RDCY RDCYN 
RCV 
WCY WCYN 
ELCH ELCHN 
ERCH ERCHN 
EDIBLN 
EDIBRN 
EDOBLN 
EDOBRN 
TRDO 
TRDOL 
TRDOR 
TRDOLR 
LDABN 
LDOBN(at time T5) 
LMOO 
[MOO 
Sf) [NERCH 

READ 

WORD 


l 

L 


* 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
2) 

L 
3) 

H 
4) 

5) 

WRITE 

WORD 


H 

L 

* 
L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

L 

L 

L 


L 

L 

* 
L 

READ 
lEfT 
CHAR 

l 
H 
L 
L 
l 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 
L 
H 

L 

H 
4) 

5) 

READ 
RI GHT 
CHAR 

L 

H 

H 

L 

L 

H 

L 

L 

H 
H 
H 
H 
H 
H 
L 
H 
L 

L 

H 
4) 
5 ) 

*) don't care or not determined 
1) loaic direction of the sianal is 

WRITE I lEfT 

CHARACTER 


'READ' 

H 
H 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
L 
L 
L 
L 

H 

H 

* 
L 

'WRITE' 
I 

H 
H. 
l 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
L 
L 
L 

L 

L 

* 
l 

WRI TE I RIGHT 
CHARACTER 

READ WRITE 

H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
L 
l 
L 
L 

H 
H 
H 
H 
l 

, l 
H 
l 
H 
H 
L 
l 
H 
L 
l 
L 
l 

H L 

H 

* 
l 

l 

* 
L 

aiven for the true sianal 
2) hiah durinQ the internal cycle for latchina Data in 
3) siqnal is eaual in all kind of cycles, low durinQ Ras id hiQh 

(lMOO : low = latch transparant, hiQh = hiah = latched) 
4) Sf = l in case of no error, H in case of error 
5) ENERCH = H in case of detected error, low case of error 

Table· 3.1 DATA TRANSFER SIGNALS 

u 
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Figure 3.12 WRITE WORD CYCLE ~ 

, 3 ..18 ,P1l500-026/027 8104 



.-l 

) 


,) 


3.5.3 READ WORD CYCLE (See fi gure 3.13) 

Data is read out of the memory array as MOOOO-IS and check:bits MOOSO-54. On1y 
the selected memory slave card is enabled to drive data" (MIOBOO... 15, SO-54) 

through transceivers 5,6 and 7, via the memory backpanel to the control card. 

The data bits (MIOBOO-IS) are offered directly through the transparant data out 

latchws 3 and 4, the switched off correction circuits (exclusive or's) am the 
Bus drives (part of transceivers 1 and 3) to the UPL bus (BIOOO-15N) as being 

not corrected data. 

All data and check bits, (MDOLOO-15, SO-54), are given to the parity circuitry 
I 

which will generate the 5 syndrome bits SEVO-4 (Sigma Even) and their 

complements SODO-4 (Signal Odd). If no error is indicated by these S-bits (SF=l) 

the outputs of the error decoder are kept low am the data offered to the UPL 

bus remains unchanged. 

If there is an error (SF = H) the error decoder is enabled am the failing data 
bit can be corrected. Data on the UPL Bus wi 11 be val id 1ater on 1n the cycl e. 

At the end of the internal Read cycle the data out is latched, into latches 3, 4 
and 7 until the next Read or Write cycle. 

3.5.4 READ LEFT CHARACTER (See figure 3.14) 

This cycle is very nearly identical to the Read word cycle ex.cept that 1n the 

character mode the right character driver (Trans-I) BIOOO-07N is disabled, this 

will be guaranteed for the canplete cycle. 
The data of the ri ght hand character (octad) is now dri ven by Trans-2 to the 
UPl-BUS as RI008-15N, ~Jhile the driver of the left hand character (Trans-3) is 

disabled. 

3.5.5. READ RIGHT CHARACTER (See figure 3.15) 

This is similar to Read Left character, except that now the Right hand character 

of memory is enabled to put data on the ri ght hand character of the UPL -BUS. 

Drivers of transceivers 1 and 2 disabled and of Trans-3 enabled. 

3.5.6 ~IRlTE LEFT CHARACTER (See figure 3.16) 

The Write Left Character cycl es are rather more complicated, requi ring as they 

do part of the memory word being retained and rewritten together with the new 

character. This requires two sucessive memory cycles, the first to read a word 

fran the desired address and, if necessary, correct it, and the second to select 

the desired "new" character and the supplement "old" character and write them 
back into the same location as a word. 
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The 'read' part looks 1 ike a nonnal read cycl e with the foll owi ng differences: 
-J - The UPL-bus -drivers, of transceivers 1, 2 and 3 are di sabl ed. So no data out 

is put on the BIO-N lines. 
- The errror correction decoder is always enabl ed to speed up correction in case 

of error. 
- The corrected data DOCOO-I5 is latched into latches 5 and 6 at the end of this 

•read' cycl e. 
Also the write part is very similar to a nonnal word cycle however data to be 
written is now derived from two different sources. 
- The new character (BI008-I5N) is gated through BUS receiver (of transceiver 2) 

and latch 1 to the MIOBOO-07 lines (receiver of trans 1 and .latch 2 being 
d1 sabl ed). 

- The compl anent oid character is offered by latch-6 to the MlOO08-1-5 1ines 
(latch 5 stays disabled).

} So now a complete word is available \'i11ch can be handled as data in a nonnal' 
write cycle. 

3.5.7 WRITE RIGHT CHARACTER (See figure 3.17) 
Th is cycle is nearl y i dent i ca1 to the write 1eft character eyc 1e, wi th the 
exception that the new data for the Right character is gated via latch 2 while 
latch 1 is disabled. 
The complanent old character is released by latch 5 while latch 6 is disabled. 

J 

u 
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3.6 DATA I/O LOGIC (see figures 3.12-3.17 and figure 4.4) 
The data I/O logic can be sub divided into 6 main areas: 

3.6.1 - UPL Interface, Transceivers 1, 2 and 3 
3.6.2 - Data In Latches 1 and 2 
3.6.3 - The Memory Data Out Latches 3 and 4 
3.6.4 - The Error Correction Exclusive ORis 
3.6.5 - The ~Irite Character Intermediate Latches 5 and 6 
3.6.6 - The Memory Array Transceivers 

3.6.1UPL INTERFACE, TRANSCEIVERS 1,2 AND 3 
All interfaces between the UPL-BUS, BIO-N 1i nes and the memory modul e are 
through the transceivers 1, 2 and 3 (in total 6 devices 8T26A). 
In word mode, the transceivers 1 and 3 are used. For read, the outputs are 
enabled by TRDOL and TADOR as long as TMRN is low. In a write cycle, all bus 
drivers are switched off and the transceiver acts as a receiver for Data In. 
Transceiver 2 fulfills a multiplex function for data I/O between the right hand 
UPL character (BI008-15N) and the left hand character of memory (DIROO-07). This 
means. that the control card presents a double load on the BIOOO-08 1i nes. 
Although this is normally not allowed, dispensation has been given for this 
design because there is at least one memory slave card which is not connected to 
the UPL bus. 

3.6.2 DATA 1M LATCHES 1 AND 2 
Data In is latched into latch 1 and 2 (74LS373) by LDABN for the complete 
internal cycle. 
In a write word cycle, both latches are enabled by EDIBL/RN being low (Enable 
Data In Left/R Not), and data (MIOBOO-1S) is offered to the memory slave cards 
and the parity circuits (74S280). In a write character cycle, only that latch is 
enab1ed whi c h has to dri ve the new data character to the memory array, so in 
~lrite Left character latch 1 is enabled (EDIBLN=L), and latch 2 disablp.d 
(EDIBRN=H). 
During Read cycles both latches 1 and 2 are disabled. 

3.6.3 MEMORY DATA OUT LATCHES 3 AND 4 
The memory data out 1atches 3 and 4 (74LS373) are used both in read and write 
cycles. 
At the beginning of a read cycle the latches are transparent, this means that 
Data Out can pass through them directly. 
At the end of the read cycle, Data Out is stored until the beginning of a new 
read or write cycle. 
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In a write cycle, use is also made of the transparant period of the latch to 

drive the 'data to the parity c; rcui try. 

The output of these latches are always enabled. 


3.6.4 CORRECTION CIRCUIT, EXCLUSIVE ORIS 
The exclusive or's are part of the error correction circuitry although data out 
is always allowed through as part of the data out path. In a 'NO ERROR' state, 
all COOO-15 (correction data) signals will be low, and data before and after the 
circuits is identical. If there is a single bit error, one of the CD-lines 
becomes high and the corresponding data out bit is inverted and thus corrected. 

3.6.5 WRITE CHARACTER INTERMEDIATE LATCHES 5 AND 6 

The latches 5 and 6 serve as an intermediate latch to store the data read out in 
the read part of a write character cycle. The data out is only latched into this 
latch at the read part of a Write character cycle. 
Only the latch opposite to the new character to be written in is enabled (by 
EOOBL/RN; Enable Data Out Bus Left/Right Not), e.g. in write left character, the 
right character is enabled by EOOBRN. 

3.6.6. MEMORY ARRAY TRANSCEIVERS 
On each memory card a number of transceivers (8T26) are placed. 
In a write cycle they provide all memory cells with data to be written in. 
Ouri ng a read cyc1e only the selected card wi 11 have enabled bus dri vers (EMOO; 
Enable Memory Data Out) to put the data read fran the memory device on the 
internal data bus (MIOBOO-l5). 

3.7 ERROR CORRECTION CIRCUITRY 
The error correction-circuity for this memory is made by means of standard MSI 
and SSI schottky TTL's in order to obtain a faster memory (both access and cycle 
time) than ;s possible with the Error Correction LSI used on theWMA memory 
card. However, the same check bit generation and card error detection scheme is 
used in order to have similar test patterns for testing the error correction 
function on both designs. 
For minimizing the number of TTLls in the error correction, the same parity 
circ~its (5x 745280) are used for Check 'bit generation in a write cycle and for 
Syndrome bit generation in a read cycl e. 

P4500-026/027 3-27 

v 
8104 



3.7.1 CHECK BIT GENERATION IN A WRITE CYCLE 

Check bit generation is made by Exclusive OR-ing, that means performing a parity 

check, on different groups of data bits, in accordance with a llmodifiedll Hamming 

code. For check bit generation all not used inputs, so also the check bit inputs 

used in read cycle, must be low. This is achieved by disabling the data out 

latch for check bits (MDOLSO-4) by WCY and enabl ing Buffer 1 (74LS240) by 

WCYN='L I. The check bit inputs are put in the low state. The check bits are 

generated by the fall owi ng logic equatat ion. 

SOD 	 0 = MDOL 00 6) 01 ED 02 E9 03 ED 04 tB 05 6) 06 (9 07 

1 = MDOL 00 (9 01 E9 02 E9 06 (9 10 E9 11 6) 13 ED 15 

2 = MDOL 00 6) 03 E9 09 E9 11 ED 12 tB 13 e 14 ED 15 

3 = MOO L 01 E9 03 ED 04 ED 05 ED 08 E9 12 $, 13 (9 14 

4 = MDOL 02 E9 04 E9 07 E9 08 ED 09 E9 10 '" 14 ED 15 

SOD 	 = Sigma Odd 

Note that MIOBSi and SODi have the same direction by being SEV (Sigma Even) the 

complement of SOD and the memory slave card Bus driver (Transceiver-7, 8T26A) is 

also inverting. 

Check bits and data bits are written into the memory array at the same time on 

the same address. 

3.7.2 ERROR DETECTION-CORRECTION DURING A READ CYCLE 

The data bits and check bits (MDOLOO-15 and SO-S4) read from the memory array 

are offered to the parity circuits, (Latch-7 is enabled and buffer 1 is 

disab1 ed). 

The parity device will now generate a new check bit' which is derived fran the 

data bits. This new check bit is compared with the 'OLD CHECK bit l fonned during 

the previous write cycle. 

The output of this comparison is called Syndrome bit, and it is generated by the 

same parity device used in the previous write cycle for generating the old check 

bit. 

In a NO ERROR state, the 01 d and new check bits are equal, the output 

syndromebits SOOO-4 are all low, and the SEVO-4 all Ihigh l These latter outputs• 

are used in a separate decoder (5 input NAND gate 74530) to indicate to the 

timing circuitry that there is no failing data bit {{There is a separate decoder 

for no error (SF = Si ng1 e Fai 1), and for error bit i ndi cati on». 

~, 


) 

J 


J 
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To prevent decoding 91 itches in the val id data, which is al ready driven on the 


UPL bus, the error bit decoder outputs are di sabl ed by ENERCN goi ng high until
l) 
SF ;s val id. If SF indicates no error by being low, the decoder stays disabled 


and the data outl will be equivalent to the data read in the memory. 


In case of an etror, one or more of the old and new check bits are unequal and 


the correspondi ng syndrome bit will become high. 


The binary val ue of the syndrome bits indicate which data or error correction 


bits fail. SF will now be high indicating an error, and the error decoder ;s 


enabled by ENERCN being low. 


Decoding of the syndrome bits is done by some combinational logic (74S138, 


745139 and 74S02) to select the data bit which fails. 


The Data of the failing bit is simply ,inverted by means of an exclusive or 


(74S86) present in the data out path. 

So a read cycle with correction takes some additional time and therefore the 

") compl ete cycl e is stretched (access and cycl e time). 

MOPL 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
5000 X X X X X X X X= 
5001 X X X X X X X X= 
5002 X X X X X X X X= 
5003 X X X X X X X= 
5004 X X X X X X X X= 

Table 3.2 CHECK BIT GENERATION 

.J 
BIt~Y BIT : 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 'l9 30 31 

DATA-oECK BIT : so 51 06 S2 11 0 53 05 01 12 03 13 54 07 10 Q2 ~ 15 00 04 14 

0 X X X X X X X X X 

1 X X X X X X X X X X 

X5IG~ 2 X X X X X X X X 

3 X X X X X X X X X 

4 X X X X X X X X 

't' . "':: 

Table 3.3 DATA AND CHECK BIT POSITION IN THE ENCODED WORD 
(MODIFIED HAMMING CHART)u 
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BLOCK DIAGRAM OF ERROR CORRECTION CIRCUITRY J 
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3.8 TIMING AND CONTROL 

3.8.1 GENERAL MEMORY TIMING 

All timing generation circuits are located on the memory control card. The 
timing generation for all the various memory cycles, including refresh is 

centered upon a shift register, which consists of a mAmber of D flip-flops 

arranged in such a way that it forms in principle a 7-bit shift register. 

The timing edge sequence made with this shift register is, in the first place 

dp.si£jned such that the requirements of the 16K memory devices are fully met. 

This shift register as a whole provides the multiple RAS (4x) arid CAS (4x) 

pulses, which strobe respectively the row and column ,addresses into the memory 

devices (see also address selection and memory array), the address multiplex 

clock, and it provides also the timing for cycle and 'access control, refresh 

circuitry and data I/O control. 

The clock for the shift register and other devices in the timing logic is 

provided by a 16 Mega cycle hybrid crystal oscillator which provides signals CL 

and CLN to the logic (after buffering) af 62.5 ns period's. 

With reference to figure 3.19 General Shift Register Timing and the figure 3.20 

Simpl ified Shift Register Circuitry it can be seen that-,at the start of a cycle 

all shi ft regi ster - IQ 1- outputs are in the low state. (logical feedbacks over 

the shift register are in such a way that it is assured that the shift register 
will enter this state after the first ,refresh cycle, after: power up.) 

This means that until CYREQ goes high none of the outputs are active. 

CYREQ as will be seen later is activated either: 

a. - By a Refresh, si£jnal RFCYN (Refresh Cycle Not) 

or b. - By a Read/rlrite request made by TMRN resulting in thp.activation of 

signal RWCYN (Read/Write Cycle Not). 

On the next clock following the activation of CYREQ, the RASa output goes high. 

The addresses will alrea,dy be presented to the address multiplexors am the row 

addresses (MAL07-14) selected, so the- RAS signal (Row Address Strobe) will 

"strobe the row address into the se'lected'bar of, 16K devices of the memory 
1 , ' . ' 

--ar-ray. One clock later the signals MX. (multiplex) become high and will select 
the address inputs MAL 01-08 as memory device address. On the follo\,/irg clock, 

CAS. strobes this column address into the memory devices selected by RAS. 

(Although CAS is given to all memory devices in the array only the selected 

devices by RAS-N, wi 11 strobe in the. column addresses )'. The' start of CAS on the 

memory devices is the time reference for the access time of data out. 

u 
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f~NOR RFCYN-:i :- - - - - - -- - - - - - - - - - - - - - - - - - - - -: , 
CYR£Q 

CL 

RAS ..(h) 

to4X. (h) L-________I____lit 

CAS•.14a) 

T3 

T4(L) 

15 

) 
16 I 

RA5V --1~____________________________ 
CASV m.I 

* EARLIEST POS5l8l.£ START IN CASE OF READ ERROR 

Figure 3.19 GENERAL SHIFT REGISTER TIMING 
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i
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II _ 11\L L-J___ _ 564..1. .., CD:1.; 21~ C51.; .... ;! ~ IUSN .... 

Figure 3.20 SIMPLIFIED SHIFT REGISTER CIRCUITRY 
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u 
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By the feed back of RAS. as CYBUSN (Cycl e Busy Not) to the input of the shift 


register, CYREQ remains active, so the read/write request may become inactive 


without consequences for the internal memory cycle. 


Now duri ng successive clock periods, T3, T4 (L), IS and T6 become active. T5 


becoming high indicates the end of the internal cycle. 


Signals CYREQ, RASV and CASV will all become low, and on the next RAS •• clock, 

MX. and T3 become low, followed by CAS, T4, TS and T6. 


As soon as T5 is low again the start of a new internal cycle will be possible, 


except in a read cycle with error then a new cycle is allowed one clock later if 


T6 is low. 


3.8.2 TIMING FOR AN ERROR FREE READ CYCLE 

Timing for the different kinds of cycles is very similar, the obvious main 

difference being of course in the signals controlling the enabling and selection 

of the circuits which handle the data flow. 

The following description is made with reference to figure 3.21 and sheet 

of the memory control card circuits, also the assumption is made that there is 

no refresh request and that the previous cycle is completely finished. 

Prior to the start of a memory request by TMRN (Timing Master to memory) going 

low, the address and control signals have been activated and are valid for at 

1east 20 nsec. 

The address, control and also the write data latches were transparent until TMRN 

went low, now these signals are all latched until the end of the cycle indicated 

by TMRN or CYBUSYN. 

As indicated already in table 2.1-Cycle Mode Control Signals-, the signals 

WRITE, CHA and MAD15 define the ki nd of cycle to be executed, these three 

si gnal s are decoded to control data flow and cycl e timi ng. In case of a read 

cycle data flow is equal for all three possible cycles except for driving the 

data to the UPL-bus by TROOL/R). 

- Data Control in Read cycl e 

After CASN is activated (low) on the selected bar of the memory devices, the 

memory device output enters the low impedance state, but data out (MOOOO-lS, 

SO':'S4) i s val i d 165 ns after the negative edge of CAS N. 

"EMOO being hi gh during T4 forces the transceiver into the driving mode and 

data is sent over the internal memory bus (MIOBOO-IS, SO-S4) to the memory 

control card. 

Data is now offered directly through the opened data out latches, the 

correction ci rcuits and the bus transceivers to the UPL-bus for ul timate 

speed. 
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The data out latch is always open when RAS is active (high), except in a 

refresh cycle, so data is latched arxl stored fran the end of RAS until the 

start of a new Read or Write cycle. 
The correction inputs «CDOO-15 (Correction Data») for the correction 

circuits (exclusive or) coming from the error correction decoder, are 

initially set in the low state, and stay in the low state when no error is 

detected. 

The ENERCN (Enable Error Correction Not) signal, which disables the error 

correction decoder, S138 and 139 is reset at T3 true and is set at the leading 
edge of T4 when SF (Single Fail) is high. Under liN~ ERROR" conditions, SF is 

low and ENERCH remains reset (High). 

The bus driver to the UPL bus is forced into its low impedance state by 

TROO(L/R) at T4, and will be disabled at the end of lMRN (going high). For 

control of TRDO(L/R) by means of CHA and MA015, see tabl e 3.1-0ata Transfer 

Si gnal s. 

During a read cycle the WCY (Write Cycle) signal is low, which prevents 

enabling, of Data to the internal memory bus (MIOB) by the control card. WCY 

also enables the Data out S bits to the parity circuits (Syndrome bit 

generators - S280) 

- Acknowl edge Response to the UPL Bus 

TSMN - it indicates that the data out put on the UPL bus is val id on the 

mast~r card. TSMN is given directly after the signal SF low is valid (no 
error) • 

ACN • This signal is given at the begin of a Read (or Write) cycle and 

indicates to the master that the addresses and control signal s are 1atched 
in, and no longer necessary for the memory. 

3.8.3 TIMING FOR READ CYCLE WITH ERROR 

Timing and control is as in an error free read cycle until the leading edge of 
T4. 

An error in a Data or S bit wi 11 generate a syndrome bi t (SEVO-4) code Unequal 

to all Ills. SF (Signal Fail) is high at the leading edge of T4 so after T4 both 

ENERCN (Enabl e Error Correcti on Not) and Error are active, low and high 
res pect i vel y. 

J 


) 

J 


~ 
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) TMRN I~'------------------~ 
MREQ 11....-______ 

RWCVN 

___----11' .~~ r------------·CYREQ 

CY8USYN 

LDA8N UTCHI 
CL 

EARLIEST _________ ~'____ _ 
RAS 

.Xl C'tCLE
teX 


CAS 


T3 

T4 

TI") 
TI 

MOOOO-15. --------~ ...10SO-54 

___________________~t~EMDaEMOO 

MIOBOO-11I • 
SO-S4 ---------~----~~~ I~--------------

LMDO TRAN~ANT LATCH 

~----------------------------------------

MDOLOO-15. ~II§I_ VALl)SO-54 

SF NO ERROR /(f T7 

ENEReN 

J' 
CD 00-15 

DOC~-15 VALl) 

TROO ENABLE -BID .. N 

liD 00-15 VALIDI><J 

ENOKN LJ 
TSMN 'I 1 

r Nf" 
ACN 

u Figure 3.21 TIMING READ WORD/CHARACTER - NO ERROR 


81'04 P4500~026/027 3'..35 



- Data Flow Consequences 
The error correction decoder being enabled by ENERCN, low, will force one * of 

the CDOO-IS signals high, (see also error correction circuitry), so the 

correspondi ng wrong data bit will be inverted by the correction ci rcuit 

(74S86­ Exclusive Or) that means data is corrected and is valid now after 

some propagation time on the Master. 
* Note: In case of error in one of the check bits, all CDOO-15 signals will 

become low after decoding. 

~J 

- TSMN Consequences 

SF being high at the 1eading edge of T4 (timing clock t7) prevents the 
generation of TSMN at that time moment as in an error free read cycle. 

The signal ERROR enables now the generation of TSMN two clocks later (125 ns) 

when the corrected data is valid on the Master. 
~) 

- Cycl e Time Consequences 

In case of error the off time between two cycl es is stretched by one clock, 

by holdi ng CYREQ low duri ng T6, to prevent the prenature start of a new 

cycl e. Thi sis necessary due to the fact that TSMN is del ayed such that MREQ 
still asks for a cycle at the normal start point of a possible new cycle. 

- Reset of ENERCN and ERROR 
The reset of ERROR is always in the next cycle, however, if the 

a refresh cycle a new TSMN would be generated without request. 

next cycle is 

the other ham if a refresh cycle follows on a Read with error cycle the 

master may still require data, now ENERCN must stay active (low) while 

otherwi se the corrected data would become uncorrected data again. 

J 

3.8.4 TIMING FOR A WRITE WORD CYCLE 

The timing is very simul ar to the Error free Read cycl e except 

data control. Only the differences will be described. 

of course the 

- Data Control 

Data offered by the UPL bus to the memory control card (BIOOO-15N) is gated 

through the bus transceivers a nd the transparent data-i n 1atches directly to 
the internal memory data bus (MIOBOO-IS). Data-in is latched in with the same 
signal (LDABN) as address and control signals. 

.J 
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J TMAN I~------------------------~ 
MAEQ I 
RWCYN 

CYAEQ 
r--------- ­
I, 

, 
CYBUSYN IL_.:... ____ _ 

LDABN ~~-----------------------------------------------~ 
CL 

RA5 
Ml 
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T3 

T4) TS 
TI 

MDOOO-15 I ------------1~ 	'4M.IDSO-54 

EMDO ____________---1,- EtW..E-;c,oe­
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SO-54 -----------.,-. 'tNJD-


LMDO ____________________~r nuH~NT 	 L-_________LA_~_CH__________________________________ 

MOOLOO-IS, 
_ 	 VALID-NOT CORA.

SO-54 

SF 	 ERROR 

______________________________________, 	 L-'___________________________________ENERtN 

J (000-15 	 ~ ~ CORRECTION alTA 

OOCOO-15 	 - .~ CORRECTED DATA ON 

TADD 

11000-15 ----------------------------------....,~ =AECT~ I><J :~:, ­

ENOKN 

T5MN 

mn 
ACN 

o 	 Figure 3.22 TIMING READ WORD/CHARACTER - ERROR 
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Data- i n is also di rected thro ugh the trans pa rent data out 1atches to the 


parity circuits (= Check bit generation in write cycle). The check bit inputs} 


(MDOLO-4) are all in the low state by WCY being high. 


The output of the parity circuits~ SEVO-4 are also offered to the internal 


memory I/O bus. 


Both Data and S bits are now written into the sel ected address by ~'EN duri ng 


T3 time. 


Note that nearly all data control is by combinational logic and LMDO has equal 


timing for Read and Write cycles, the main difference is TRDO and WEN 


generati on. 


- Acknowl edge response to the UPL Bus 

ACN is generated on the same time as in a Read cycle and also TSMN is given at 

that timing point, it indicates that all Data, Address, Write and CHA signals 

are not longer necessary. ) 

TMRN may become high now~ and in theory al so TSMN, but to prevent too small 

memory cycl es on the UPL bus (which are not allowed!) TSMN high is del ayed 

until the end of the internal write cycl e. 

3.8.5 TIMING. FOR WRITE CHARACTER 

RDCY is set by the leading edge of RAS if WRITEV and CHA are both high, and is 

reset al~o by the leading edge of RAS if RDCY is high. 

The signal RDCY high during the first part of the cycle will have the following 

consequences. 

- TMRN and ACN are given as in a nannal ~'RITE cycle. 

)
- WCY is held low so no data in can be put on the internal menory bus (MIOB) 

whil e EMDO is activated. So a nannal Read cycl e wi 11 take pl ace, except that 

no TRDO is generated. 

LMDO is given to store the read and corrected data-out in an additional latch 


whose function is to feed back the data-out as data-in in the write part of 


the cycle. 


- Also the second part of the cycle is initiated by RDCY by making DCYN low. 

(Double Cycle Not). 

~ 
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u Figure 3.23 TIMING WRITE WORD 
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This latter signal also prevents the start of a refresh cycle after the first 

part of this Read/Write cycle. -, 

The error correction decoder is enabled during the complete cycle (ENERCH low 

set by READ low) in order to have data corrected as soon as poss ibl e. (So no 

check for error, and no cycle stretch in case of error which are only possible 

in a nonnal 'Read' cycle.) 

After the start of the second cycle part, RDCY is reset and now a nonnal Write 
cycle is performed, with Data to be written coming from an 'old' character and 

a 'new' character controlled by the bus enable signals ENI/O, BL/RN (Enable 

Data In/Out, Bus Left/Right Not). 

TSMN is kept low during the complete Read/\lIrite cycle by CYBUSYN, this latter 

signal being high fram the start of RAS in the read cycle until the end of RAS 

in the write cycle. 

3.8.6 TIMING FOR A REFRESH CYCLE ) 
As stated before the 16K RAM's require complete refreshing (for all 16, 384 

cells) within 2 ms. A refresh cycle differs from a nonnal read/write cycle in 

that the CASN signals are all held high (inactive) throughout the cycle. Thus 
the RAM I S requi re only one 7 - bit add ress , strobed by RAS, to refresh all 128 

col umns in the addressed row (the internal RAM cell array bei n9 128 rows x 128 

columns, figure 3.1 - Memory Device) the 128 columns are read out (each column 

having its own sense amp) and rewritten. This action restores the full charge 

which would otherwise leak completely away. 

In a refresh action, then, it is required to refresh each of the 128 rows, in 
every RAM on all the cards, within 2 ms. Hith a clock period of 62.5 ns, 240 

clock pulses elapse in exactly 15 us; thus 128 x 15us = 1.92 ms. So we require a ~ 

counter whi ch counts up to 240. If a refresh is perfo nned at every count 240 = 
15 usec then the memory will be refreshed satisfactorily. However, if a refresh 

is perfonned at the end of every 15 lJsec period ind~cated by STRF (STart 

ReFresh) there is a st rong passi bil i ty that a refresh request may cl ash \,/i th a 

read/write request. As far as the refresh cycle goes, it is not important to 

wait even 1.1 US for a \'Irite character cycle to take place - it will still be 

possible to refresh within the 2 ms limit. 

But the whole U.P.L. Bus will· be held up if a master has to wait 560ns max. for 
a refresh to take place, hence the need for the two types of refresh. 

There are two types of refresh cycle, known as Automatic Refresh (A.R.) and 

Hidden Refresh (H.R.) and their relation can be seen in figure 3.25, Refresh 

Relationship. J 
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I: 	 -I: -I: -I:(1'j).lS) (15)1S) (15)1S) (15).1S) "'5 

STRF u 	 U U U U.------- } 

~~~~:TIC REFRESH ~ r;l 	 isl'-____ 
_______________________________ RW WW 

READ IWRITE CYCLE 	 RLC RW RWLfljr-_________ WLC 

TMRN 	 ~~---------------

RW 

HIDDEN REFRESH 
CYCLE --------~'~ 	 ~~-----------

REFRESH ADDRESS COUNTER~ 87 ~ 89 	 90 91 

n 	 02U, ARFRQH 

RW =READ WORD 
RLC =READ LEFT CHARACTER 
WW =WRITE WORD 
WLC =WRITE LEFT CHARACTER ") 

Figure 3.25 REFRESH RELATIONSHIP 

The definitions are as follows: 

1. 	 Automatic Refresh 


If there is no read/write request during a 15 llS period between two "STRF 


pulses" then a refresh is perfonned at the end of the 15 lJsperiod as in "2" 


and "5" in figure 3.25. This is callErl an Automatic Refresh (A.R.). 


2. 	 Hidden Refresh 


If there is a read/write request during a 15 llS period between tw'o "STRF 


pul ses" then a refresh is perfonnErl immediately after the first (and only the 


fi rst) read/wri te cyc1e and the A. R. at the end of the 15 llS peri od is 
 )
disablErl as in "3" and "4" in figure 3.25. This is called Hidden Refresh 

(H.R.) because the refresh can usually be perfonned before the master can 

respond to the TSMN and reactivate the TMRN for another read/write cycle. 

When the memory is busy, therefore, the chance 'of a master having to wait for 

~he memory to perform a refresh is negligible. 

!J 
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The refresh addresses are campl etel y independent of the read/write addresses and 


are provided by a Refresh Address Counter which i ncrenents the address by "111 at 


the end of every refresh. 


Note that, in figure 3.25 although the refreshes occur' at irregular intervals 


(1 - 2 = 15 ps, 2 - 3 ~ 3 ps, 3 - 4 ~ 16 ps, 4 - 5 ~ 26 ps) there are exactly 


the same number of refreshes as STRF pul ses because \'ilen an H. R. is perfonned, 


the subsequent A.R. is not, so only one refresh occurs in every 15 ps period. 


The refresh period is timed by Refresh Counter which consists of two 4-bit 


counters 1inked so that every time counter 1 reaches 16 (the transi tion from 


IfI111" to "0000") counter 2 is clocked. 


Counter 1 is clocked by CLN every 62.5 ns so counter 2 is clocked every 1 ps. 


When counter 2 reaches "111111 the signal RPCAR1 (Refresh Period Carry 1) goes 

low via a NAND and, two clocks later as RPCNT1 goes high (count 2 of counter 1), 

aD-type fl ipfl op is clocked to force STRFN (Start Refresh Not) high and STRF 

low. STRFN going high clocks counter 2 to "0000'" (thus counter 2 counts from 

"000111 to "111111 which is 15) and STRF going low clocks a JK fl ipflop with RFRQH 

as its "J" input. As we shall see later, if there has been a read/write request 

during the previous 15 ps period, then RFRQH (Refresh Request Hidden) will be 

low thus preventing the A.R. from continuing any further. If, however, there was 

no R/W cycle duri ng the prev; ous 15 llS peri od then RFRQH ; s hi gh and the 

fl i pfl op forces ERFRQN (Enab1e Refresh Request Not) low. 

At thi s moment we can assume SARFRQN (Set Advance Refresh Request Not) to be 

high (inactive) as will be shown later. Therefore, via a NAND gate, JRFRQ (J 

Refresh Request) goes high. At the nextCLN. JRFRQ forces ARFRQ (Advance Refresh 

Request) high and, again one CLN later, RFRQ (Refresh Request) goes high. (Refer 

to Memory Control Card). 

At this point, the refresh may be held up if a R/W cycle is taking place, or is 

about to take pI ace by an AND gate with inputs RWCYN (Read/Write Cycle Not ­

inactive high), CYBUSYN (Cyc1 e Busy Not - inactive high) DCYN and RFRQ. If all 

is well, RFE (Refresh Enabl e) goes high and, in successive clocks, ARFCY 

(Advance Refresh Cyel e) and RFCY (Refresh Cycl e) both go high. ARFCY going high 

disables the R/W Address Multiplexor, ARFCYN going low enables the Refresh 

Address Counter address to the memory array as A (0-6), RFCYN goi n9 low enabl es 

all the RAS N strobes on memory slave cards while RFCYM (basically the same 

signal) forces CASN all high. RFCYN going low also forces CYREQ high and starts 

U up the shi ft regi ster. 
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The clock timing is exactly the same as for a nonnal IIshort cycle ll but the RAM's· 

realise this is a refresh and not a R/~I cycl e because CASN (0-3) are held high 

throughout the cycle. 

Of course no TSMN or TRDO is generated in this Read/Refresh cycle. 

Meanwhile, STRF has gone high again as the flipflop "resets" due to RPCARI being 

high (counter 2 havi ng been reset as described previously) and RPCNTI goi ng high 

at count 6 of counter 1. STRF goi ng hi gh clocks another D-type fl i pfl op to 

ensure that RFRQH (Refresh Request Hidden) is high. Note that, as this 

description applies to an A.R. then RFRQH would be high anyway since there would 

have been no R/W cycle to reset it (described below). Had STRF pulse followed a 

period during which there has been a R/W cycle. RFRQH would be reset at this 

time to enable a H.R. during the reset 15 ~s period. 

The A~R. would then be disabled as previously described. 

The A.R. cycle ends as follows. ARFRQ is reset as the ARFCY flipflop sets (due 

to ARFCYN goi ng low). ERFRQN and RFRQ are reset at T5 by RRFRQN (Reset Refresh 

Request Not). RFE is reset (made low) by RDRQ, and ARFCY follows one clock 

later. RFCY is reset by CAS going low, forcing RRFCYN (Reset Refresh Cycle Not) 

low and resetti ng the fl i pfl OPe If, during a refesh cycl e a R/W request became 

active due to TMRN going low, it is held up by RFRQN being low. But RFRQN goes 

high (thus enabling RWCYN to go low) before RFCYN goes high, thus CYREQ remains 

high and the R/W cycle takes place one clock later. 

As this R/W cycle is now the first of the new 15 ~s period it generates a H.R. 

as follows. At time T3 of the R/W cycle, SARFRQN (Set Advanced Refresh Request 

Not) goes low due to all four NAND inputs being high (RFCYNV because it is not a 

refresh cycl e, RFRQH because it either was high al ready or was set at the 1ast 

STRF pulse, T3 frOOl the shift register and DCYN which just prevents the refresh 

from occuring between the two cycles of a Write Character Operation). SARFRQN 

going low enables JRFRQ via a NAND (ERFRQN is high at this time) and so begins 

the sequence of events al ready described leading up to a refresh cycl e 

immediately following the R/W cycle. However, when ARFRQ becomes high, RRFRQHN 

(Reset Refresh Request Hidden Not) goes low (ERFRQN is still high) thus 

resetting RFRQH and disabling the NAND so that any further R/W cycle will not 

enabl e SARFRQN and so start refresh cycl es. 

RFRQH now re11ai ns low unti 1 the next STRF pul se at whi ch no A.R. is generated 

(because RFRQH is low) but then RFRQH is reset to enable the H.R. for the first 

R/W cycle of the following 15 ~s period. 

/~ 
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3.9 MISCELLANEOUS CIRCUIT DESCRIPTIONS 


3.9.1 POWER SUPPLY AND BATTERY BACK 
As described in section 1.3.2 the memory is supplied with two +5 Volt supplies, 
one for the circuits which must stay on in case of power break down, calledB5PU 
(B is for Battery) and one for the other circuits called P5PU (P is for Power). 
The +12V supply for the memory is al so a battery backed power supply. B12P to 
supply the memory devices themselves 
During normal system operation all supplies are valid and the RSLN (Reset Line 
Not) signal is high. 
In the power/battery stand by mode respectively, due to machine switch off or 
power break down, the RSLN signal will become low to indicate that power is 
down. This forbids the start of any new cycle except Refresh cycle of course, 
and sets control signals. 
After RSLN low, the P5PU wi 11 be swi tched off whi 1 e the B5PU and B12P wi 11 be -) 
kept valid either by a separate power supply directly connected to the mains or 
by battery back up. 

All devices marked with a 18 1 in a corner are connected to the battery R5PU and 
memory devices also to B12P. 

th reference to the circuits it can be seen that all the refresh and addres­
sing logic is still working and that the data I/O circuitry and their related 
timing and control circuits are down. 

By means of this stand by/battery option, information of the memory is not lost 
in case of power down while power consumption is reduced to a minimum. 

)
3.9.2 OECOUPLING OF THE MEMORY ARRAY 

Although the number of decoup1ing capacitors in the memory array is less than 
suggested by the device manufacturers for dynamic memory arrays on double sided 
prints, the high frequency interference is well within limits due to the 
multilayer board. 

,J 
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3.9.3. +12V to -5V CONVERTER 
On every memory slave card a +12V to -5V converter is placed. In this way no 
problems will arise if: 
a) The menory control card is removed am power is applied to the system, 

(no open -5 Volt supply). 
b) A short circuit on the backpanel to the -5 Volt would occur. 

3.9.4 REDUNDANT CIRCUITRY 
The RAS outputs (4x) of the shift register (74S174) are the first signals after 
the synchronisation circuitry, due to this there might be a possibility* that in 
case of very long metastable times of the synchroniser flipflop (7S74) not all 
four RAS signals become high after the clock. 
To avoid timing problems for the memory devices the MX signal is not generated 
as lo~ as not all RAS signals are h1~h (AND on RAS signals enables MX on the 
next clock). 
On the other hand, to avoid to early break off, of the cycle, the CYBUSYN signal 
is generated as soon as one of the RAS pulses is high (OR on RAS signals). 
So' these OR and AHID functions will only have a logical function in case of RAS 
synchronize problems. 

* Possibility of this kind of synchronize problems worst case once every month. 

3.9.5 PULL UP RESISTORS 
A 1 arge number of pull up resi stors are pl aced on the master control card to 
simplify testing of the card on the General tester. 
Special attention is paid for test points and logic design for testability of 
redundant circuits. 

3.9.6 STAND BY MODE 
To prevent possible interference to the timing am refresh circuitry from 
swi tched off Data control ci rcui ts incase of power break down, a number of 
t imi ng si gnal s are generated separately to the logic and battery suppl i eel TTL 
circuits (T4L = T4 logic, RFCYNL = Refresh eycl e Not Logic). 
On other pl aces TTL gates connected to the battery supply, are used as a logic 
buffer between timing and control circuits (on the battery supply B5PU) and 
other circuits (on the logic supply P5PU). 

o 
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3.JC HIGH SPEED VERSION 

The differences for the High Speed Version with respect to the standard version, ) 

are listed below: 

Memory Slave Card WMB1 

High speed menory devices are used, with an access time of lOOns in stead of 


165ns (referred to CAS) • 


• Menory Control Card WMC 

Timi ng is speeded up by appl yi ng a X-tal with a hi gher frequency. 


- Frequency 18,43 MHz i . s .0. 16 MHz 


- Clock period: 54.25 ~sec. i.s.o. 62.5 ~sec. ) 


Read Access is shortened by generating earlier the TSMN signal. 


- Timing signals T4 and T6 for the generation of ENOKN dre replaced by T3 and 


T5. 


- Timing signal T3 for the generation of MDO is replaced by MXR. 


To speed up the data transfer during a character cycle the latches 74 LS 373 


on 1ocati ons C9BB, EOA8, C9AB, EOBB, (figure ) are repl aced by 74 S 373 

Ie IS. 


J 

J 
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FIGURE 4.1 BUFFER/MEMORY MATRIX (WMB1) PAGE 4-3/4 
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0IT9J (1ijD 0IT9J 0ijJl "AiL [iii"3] o 10 

[ill] "R2R 0iI9J fJiIjJ CiiiiJ 0iI9J t TO 32 0 d 
L1 0 

MASlER 

MEMr2lRY Cr2lNTAf2JL
) CARD-WMC 

FROM CARO POSITION ON BACK PANEL 512219425150 CCIiJ rTIfl MASL 
1-2.3-4.5-6.7-8.9-10.11-12.13-14. 

IIASA rem rml rtiil Itiil ARE THE LOGIC POINTS CONNECTED AS 
[ill] mol [ill] [fiif] KA1L [JiJSJ SHOWN. 

[iIi[] Hm [ill] mJO CffijJ IT2iiJ 
[ii'iiJ [ii"ii] [ii'iiJ omo meso [i'i'O] 'U1850 0iiiJ 0i'iI1 0iIiD rnn 
rem C'fi'n rtm CEIfJ HIlliS I roo HI lISI rtm mn am @Il 
['fi"5] [fi[l ['fi"5] mn HIIm ['CjiiJ HI.m ['fi"5] mn [ffi] ITiJl 
I]ITl [iii"3] I]ITl [Jill] "11m @i] "1.853 I]ITl Oml . Dim 0ITf) 
0iISJ [lij'SJ Oiill omJ HllIISIl [iiOiJ "11m Oiill omJ 0iiTl Cii'iT! 
Ciffi"2J Ciijifl 0i02J f1iOD MllIlCO IJiOIl "11'00 Ciffi"2J f1iOD fIiii2l [iiiiIJ 
O@il 0iWl O@il Qiiffl ""MI [iiOiiJ 1111101 O@il [iii] [i@[] [iiij] 
0iiIl 0ilIl !JiiTJ 0ijD "1'"02 IAOil '11"02 !JiiTJ 0iTI] CiITiJ !Ji"iTJ 
@iii] @iii] @iii] @ij] mllos @ijJ "1.803 @iii] @ij] @iii] f£jiiil 
0iiW 0iii?J !JiiiD 0iifJ "Ino.. [ijif! "11.011 Oiiifl [iif] [ili!] 0iliD 
rem [Cii'S] rem mIl [t'OiJ I1ill roo [Cji5l mn"1.1105 1111'05 

J 

ram [Cjj'f] rgm @j?] "InOB f1iiIl ""101 rgm @j?] rem rgm 
!JiOIJ 0i0D !JiOIJ !JiO'i] " 1'1107 0ffiTJ "11'07 !JiOIJ 0i0D 0ljiIJ 0ijiIJ 
[iiiii] 0i0iJ 0iiiiJ I}iiiil "111108 Cim HI ••OII 0iiiiJ 0iiiJ [iiiii] I}iiiil 
[f09] [COil [f09] mn 1111"09 [iQ5] HII'09 [f09] mil I]ii9J mil 
!]iiiD [Ji05J !JiiiiJ [i@l 111.110 0iAAJ "11m 0iiiiJ 0ii5J []ii] !1iOD 
@iD [ill] @iD [COTJ "Inll rnn "11811 @iD [ffiJ [ffi] f1iD 
@iil []Oil @iil @iiJ "1.812 CiiifJ "11m @i] @iiJ [IiiiJ @i] 
[@l [@ [@l roo "In13 ['C'j)'fl H118U [@l roo IJii?l roo 
IJl'OIl 0i0iJ IJl'OIl CiiiiiJ "111111 CiiiiJ II 111111 CiffiiJ CiiOiJ IJiiiiJ IJj'jifl 
[ffi] rmJ mIl [ffi] IIIIIIS CiiiIJ mIlS mIl mIl [ffi] mIl 

[iii] "PAON I1ID 
COO IIPA1N 0iiSJ 

mn "PA2N COO 
fTI2l IIPASN 0i2"f) 

rqi] MpAqN am 
['5fl III'A5M run 

rem "p"6N COO 
I1ID 1II'''7M 0i2il 

[f29] IS2iJ AASOL [iff] 
[]i\iJ HASO" ITIil rem 

ITIil [ffii] RASlL f1!!] 
@i] HASI" I1iiJ !Eil 

[ffi] 0i2"f) [ill] Oiill litO 0iID Hila [ffi] Oiill mn Oiill 
rrru am [ffi] CC2SJ lin ecru ftlll [ffi] rnn [ffi] [ffi] 
rrru Oiffi [illJ Cii25J 1102 JJi2iiJ 11112 [illJ Cii25J @IJ 0i2D 
rnn @TI mn rnn 1I11I [iID 1113 rnn ITffl @lJ mn 
roo fJffl roo [ill] "Felli rem IFCTII roo [ffi] 11m [ffi] FUMCTUINRL DIAGftRfl 

TtLECN rtiIl reLECN wei 

Figure 4.7 BACKPANEL INTERCONNECTIONS u (WMCl) 
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As 7 8 901 2:3 II BS 7 890 ! 2:3 II Cs 7 8 9 0 I 2:3 II Ds 7 8 9012:3 ij E6 7 B 9012:3 ij F6 7 B 9012:3 ij G6 7890 1 2:3" H6 7 B 9012:3" 167 .I 

: CJ':~::) C}.:.;::) CJ':';:: JCJ':';:: JCi-~·;::JCi-;;::J Cj':';::J Cj·~·;::J 4+ 13 ,~" r : 
,q 

~ Cj'~';::J CJ.~·;::J CJ'~';::) C}':';::J C},~,;::) C}'~';::J C},;;::) Cl';;::) d IS'" r- ~ g 

j CJ~·~::) e}':'~::J el';~:::' el':'~:::' e3';~::) C3';~::) Cl':';:::' CJ':';::) '.~ ~1 ~ 
9 [l[] [l[] [l[] [l[] [l[] [l[] [l[] [l[] [l[] [l[] [l[] [l[] IK] IK] IK] IK] CEJ IK] m:J m:J IEJ IEJ m:J m:J ~ -t:E::>- 9 

!E C3':';::) e},:.;:] eI':';:::' eI':';::) eI':';::) eI';;::) CJ':';:: JC3':';::) -+ 1Y ,,~, r-~ l 
~ e}.:.;::JC3-:.;::) C}.:.;::) C}·:·;::) CJ':';:: JCJ':';:: JCJ.;;:: JC}.:.;:] t:~ :::::~ ~1 
~ C}.:.;:::, CJ.:,;:::, [: J'~';:: JC}.~~~:: JC}.:,;::JC}.:.;::) e},~,;::) [: I':';::) ~::: :::::~ ~! 
;D C3':';:::' C3':'~::) el':';:::' C},:,;::) eJ;;::) e},:·;:::, e3':';:] e3':';::) ~::: ::::~ ~~ : e l':~~:::' C3':';:::' e3,:,;::J C3':';::J C 3-:.;:::' C3-:.;:] Cl';;:: J[: J':';: :)-+!Y .~" r- : 
8 lliJ lliJ lliJ lliJ 00 rn:J rn:J rn:J 00 rn:J m:J m:J m:J m:J m:J m:J B 

:c CJ:,;:::' e3':';:: J C 3':~~:::' C}.;;::J C 3-~::) C}.;;::) CJ':';::) Ci-:·;:: :' ~ 
1 e}.:.;::J C J':';:: JC}·:·;::J CJ.:·;:: J C }.:.;:: J C }.:.;::J C j,~.;::) CJ.~,;:] ! 

l CJ'~';:::' cJ'!'~::' Cj·:·;::J (:J';~::' Cj·:,;::J c:~~·~::, CJ':~~::) i 

B~ ~~ ~ ~~ ~~ 0000 00 0000 00 B 

~ CJl~'~: : ) cJ'~o~ ::' cJ'!o~::' (: J'~~: ::' (: J'!~: ::'cJl~'~: : JC:~;~: : :' l 

o lliJ --GD- CEJ CEJ . IEJ 0

! 
A 

\I 
3 r=-1 

--GD­ CJ1;~::J (:J~::) t:Jl~::J : 
II II II " II II " " II II " II II " II II " II II II II II II II II II II II II II 'I II r:::I 

o~.n 

c "wi -..J'-' 



POSe Code Number Oeser; pt; on 
) 

1A 5122 194 25140 PCB WMR1 compl. 
2B 5122 .000 11630 Connector MP F06R-196C 
3B 5122 000 11640 Connector MP F068-164C 
7B 5122 194 26610 IC 4116-4 
8B 5122 000 09520 IC aT26 

9B 5122 000 10080 IC 74500 
lOB 5122 000 09820 IC 74504 
lIB 5122 000 09490 IC 74510 
12B 2322 151 51002 Resistor 1K ~25 
13B 2022 001 00142 Capac i tor 33lJt 

14B 2022 001 00159 Capacitor 15lJt 
158 5122 000 ORR10 IC NE555 
16B 5122 000 09850 IC UA79M05 
17B 2322 151 51783 Resi stor 17K8 ~25 
18B 2322 151 53833 Resi stor 38K3 MR25 

) 	 19B 2322 151 51781 Resi stor 178E MR25 

20B 2322 151 54641 Resi stor 464E ~25 

21B 2322 151 54642 Resistor 4K64 MR25 

22B 9330 907 40112 Transi stor 2N 2906A 

23B 5122 000 05290 Diode BAV10 

24B 9331 178 10112 Diode BZX79-C12 
25B 2222 641 70391 Capac; tor 390 pF 100V 
26B 5122 000 11360 Capacitor 100 nF SOV 
27B : 4322 057 11521 Coil 1,5 MH 
28B 2413 490 00009 Mount; ng pad TO 18 

29B 4322 026 71861 Mount; n9 pad TO 5 

J 

u 

8104 P4500~026/027 	 6-3' 



R : 

02.'" 

0\ 

.l::. 

i 

b 

~ 

~ 

o 
~ 

~ 

I A6 7690 I 23" 66 7·690 I 23" C6 7 6 9 0 I 23" D6 7 6 9 0 I 23" E6 7690 I 23" F6 7 6 9 0 I 23" G6 7 6 9 0 I 23" H6 7 690 I 23" 167 


: C}~';::J:
7 ~ 7 


{ CJ'~;::1 c}i~::1c:~l'~:: 1cJ'l'~::1c:~l'~:: 1 ~ ~ 
2 ~ ~ ~ 2 


~ Cl·r,;,: : : : :1 CJ'l'; : : 1 Cg;::J CS'l';::' C:;~,~ ::' CJ'!'~ : : , ~ ~ 
7 w:J 7 


;E CJ'l'~::'cKs~,:::::' CJ'!';::ICJ'[o~:: Ie}.!·;:: J ~: J'~~::ICJ'l';::ICJ'!S~::I ;.~.. ;
2 (D 18 IK2 ) . w:J (D 18 IK2) 2 


~ CJ,~,~:::I cJ,~,~:::I cJ.~,;:: 1cJ'~'~::1cJ'~'~::1cJ'~';::1cJ.~,;,::1CJ.l,;:: J Cn~:: I~ 
7 WJ WJ [E] 7 


f CJ'lo~:: 1 (: J'!'~::' CJ.!.;:: 1Cg~::1CJ'!'~::' (: }'l'~::' CJ'l';:::' ~'~'''2 CJ'~';:: J~ 
~ . . ~ 

m: C }·1·~::J CJ.!.::: 1 CJ.l.~:: 1 CJ'l'~::' ~:: J'~""""""""~::' (: }'l'~::' (:J'l:::'............... Cg:::, (::~l':::' Cg::)

7(p 18 IK2) w:J [EJ [E]. 7 


;cc }.r.;::) cJ'l'~::' c},!,~:: J c}'l'~::' ~~""" cJ.~,;,:::::I c}.~.~:: JCJ.r,;,:::: :1 ~ 

2 []I] []I] []I] (p 18 IK2 ) 2 


~ (: }'l'~::' CJ.~;::) C:~!.;:: JC;.:,;,:::::1 C;.:,;,:::::1 Cl'lu::: JC1'1,~:::1 C;.:,;,:::::'C:~l'~: :' m! 

~B (~, ~J'~';:::' cn·;:] C;':';':::::'(:l';;':::::' Cl'lu:::l ~l'l~:] Cl·:,;,:::::i ;.~",,- ~ 
2 --G:::>-- ~ ~ []I] [E] + 52· 33"UF 2 


~ l: 1·1,~::, [J.l,~::) [J.I,~:] t: !'~'~':::::' t: !'~'~':::::' t: J.[..::] t:J.[..::::' t: !,:,~,:::]6 


-4 +,52 3:!1MUF r­

\..I v J 


00 

c 



Pos. Code Number Oeseri ptl on 
') 

1A 5122 194 25150 PCB WMC1 compl. 
2B 5122 000 11630 Connector MP F068-196C 
3B 5122 110 91490 Oseil ator foot 
8B 5112 000 10130 IC 74LS373 

lOB 5122 000 09240 IC 74S85N 

lIB 5122 000 09250 IC 74S138 

12B 5122 000 09510 IC 74S151 

13B 5122 000 10870 IC 74S139 

14B 5122 000 10760 IC 74S393 

15B 5122 000 10800 IC 74S08 


16B 5122 000 10080 IC 74S00 
17B 5122 000 09500 IC 74S 157 
18B 5122 000 11560 IC 9SRIK2 
20B 5122 000 09520 Ie 8T26 
21B 5122 000 10600 IC 74LS240 

() 	 22B 5122 000 10120 IC 74S280 
23B 5122 000 10780 IC 74S02 
24B 5122 000 10040 IC 74586 
25B 5122 000 11320 LOCO 16,0 
268 5122 000 10100 IC 74520 

29B 5122 000 09820 IC 74504 

31B 5122 000 09490 IC 74S10 

328 5122 000 10090 IC 74S11 

348 5122 000 10810 IC 74S30 

358 5122 000 10820 IC 74S32 


368 5122 000 09960 IC 74538 
37B 5122 000 09650 IC 74564 
38B 5122 000 10110 Ie 74574 
40B 5122 000 09700 IC 745112 
418 5112 000 09600 IC 74S174 

42B 5122 000 10900 IC 74S175 

43B 5122 000 09120 IC 74L500
C) 
44B 5122 000 09660 IC 74LS08 
458 5122 000 09130 IC 74LS11 
468 5122 000 09140 IC 74L520 

47B 5122 000 09150 IC 74LS74 
48B 5122 000 09410 IC 74LS112 
50B 2322 151 51002 Resistor 1K MR25 
51B 5122 000 11360 Capacitor 100nF 50V 
52B 2022 001 00142 Capacitor 33lJF lOV 

53B 2422 025 89303 Connector MP F088, 2x16 
54B 2422 024 88003 Connector FP F088 

o 
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CONVERSION LIST WMBI , 
!n£AT!FIe~TIOA--S£RQIeE---------DE~elr'TJDA--------' 

CODE NUMBER CODE HUHBER 
----~--~--~------~~~--~-~---------~~~~----~~~------. 

i8ii 881 881~~ 
2222 641 70391 
2322 151 ~1002 
2322 151 51781 

2322 151 ~1783 
2322 151 53833 
2322 151 54641 
2322 151 54642 
4322 057 11521 

5122 000 05290 
5122 000 08810 
5122 000 09490 
5122 000 09520 
:5122 000 09820 
5122 000 11820 
5122 000 09850 
5122 000 10080 
5122 194 2~140 
5122 194 26610 
9330 907 40112 

9331 178 10112 

§~ii li~ l68'~ 
4822 122 30091 
5322 116 54549 
5322 116 54492 

5322 116 54637 
5322 116 50483 
5322 116 50536 
5322 116 50484 
5322 158 14229 

4822 130 30594 
5322 209 85824 
5322 209 84954 
5322 209 85608 
5322 209 84475 
5322 122 34153 
5322 209 85728 
5322 209 84167 
5322 216 25542 
5322 209 14514 
5322 130 44551 

4822 130 34197 

@ft':f~MU ilV 
CAP.390Pf 100'1 
RESIST.R lK "R25 
RESIST R178 "R25 

REST.R17KB "R25 
RESIST 38K3 "R25 
RE5IST.R464 HR25 
RES 4K64 0,25W IX 
COIL 1,5"" 

DIODE SAVIO 
IC SE5S5N 
IC 5N74510" 
IC N8T26AN 
IC N74S04A 
CAP. 10CJf' 50Y 
IC UA791105AHC ')IC SN74500N-00 
PCB·WKB 1 SLAVE 
11K 4116P-4 
TOR 2N2906A 

DIODE BZX79 el2 

~ 

J 
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CONVERSION LIST WMCI 


J 
iDEN1YFicATioA--SEiOfe!---------6!leIY'TI6A-------· 
CODE NUttBER CODE NUttBER 
-----~~-------~--~---.~~~------------~~~----------

i1ii btl 1~~8~ 'ai~~ tAt i.'tl "JiI8li.,l,lK "R25 
2422 024 88003 5322 263 64007 CONNECTOR 2POL 
5122 000 09120 5322 209 84823 IC N74L800A 
5122 000 09130 5322 209 85604 IC N74L811A 

~ 

5122 000 09140 5322 209 85~69 IC SN74LS20H 
5122 000 091~0 5322 209 84986 IC SN74LS74H-00 
5122 000 09240 5322 209 BS606 IC N74885N 
5122 000 09250 5322 209 85672 IC N7491381 
5122 000 09410 5322 209 84971 IC 74LS112 

5122 000 09490 5322 209 84954 IC SN74810N 
5122 000 09500 5322 209 85669 IC 8N74S157N
5122 000 09510 5322 209 85453 IC N7481511 
5122 000 09520 5322 209 85608 IC N8T26AH 
5122 000 09600 5322 209 85683 IC N7481741 

') 	 5122 000 09650 5322 209 84724 IC 8N74864N

5122 000 09660 5322 209 84995 IC 8N74L808N-00 

5122 000 09700 5322 209 84237 IC 8N748112N

5122 000 09820 5322 209 84475 IC N74S04A 

5122 000 09960 5322 209 85677 IC N74838A 


5122 000 10040 5322 209 85452 IC N74886A
5122 000 10080 5322 209 84167 IC 5N74800N-00
5122 000 10090 5322 209 8491~ Ie N74511N 
5122 000 10100 5322 209 8519~ IC 8N74820N
5122 000 10110 5322 209 84183 IC 8N74874N-00 

5122 000 10120 5322 209 85676 IC N74L8280A 
5122 000 10130 5322 209 85345 IC 8N74LS37N-00
5122 000 10600 5322 209 85862 IC 8N74LS240N
5122 000 10760 4822 209 80447 IC N74LS393N
5122 000 10780 5322 209 85407 IC N74502A 

5122 000 10800 5322 209 85681 IC H74808A
5122 000 10810 5322 209 85194 IC SN74SJON 
5122 000 10820 5322 209 85679 IC N74832A
5122 000 10870 :5322 209 85673 IC N7451398 
5122 000 10900 5322 209 85451 IC H74517S8 
5122 coo 11820 5322 122 341S3 CAP 1()()N=' 50Y
5122 000 11320 5322 242 74379 X~fAL 16HHZ ,~ 	 5122 000 11~60 5322 111 94231 RESIST lK2 
5122 194 25150 5322 216 25543 PCB NHC 1 CU 

u 
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