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(57) ABSTRACT 

Adata processing unit is disclosed With a register ?le having 
a plurality of registers. A memory having a plurality of n-bit 
input/output ports, and a coupling unit for coupling the 
memory With the register ?le, a memory address and select 
unit for addressing the memory banks are provided. The 
coupling unit comprises a bus having a bus Width of at least 
2n-bits forming at least a ?rst and second sub-bus, ?rst 
couplers for coupling each memory bank or the register ?le 
selectively With one of the sub-busses, and second couplers 
for coupling the register ?le or the memory banks With the 
bus. 
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DATA PROCESSING DEVICE WITH MEMORY 
COUPLING UNIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data processing 
device With a memory coupling unit. Data processing 
devices, such as microprocessors or microcontrollers com 
prise one or more register ?les for intermediate storage of 
data and addresses. For processing of data and/or addresses, 
the content of these registers has to be loaded and stored into 
a memory subsystem Which can consist of standard memory 
and/or a cache memory. Usually, an interface betWeen the 
register ?le and the memory subsystem is provided Which is 
controlled by respective control units of the microprocessor 
during load and store cycles. 

[0002] Modern microprocessors provide superscalar 
design With the ability of processing multiple instructions in 
parallel. Furthermore, in digital signal processing some 
instructions require multiple data Which is processed during 
execution of the respective instruction. The interface 
betWeen the register ?le and the memory can be a bottleneck 
Within the processing path and sloW doWn the over all speed 
of the respective microprocessor. 

SUMMARY OF THE INVENTION 

[0003] It is therefore an object of the invention to provide 
an interface betWeen a register ?le and a memory system 
With high speed access to data stored in the memory system. 

[0004] This object is achieved by a data processing unit 
With a register ?le having a plurality of registers, a memory 
having a plurality of n-bit input/output ports, and a coupling 
unit for coupling the memory With the register ?le, a 
memory address and select unit for addressing the memory 
banks. The coupling unit comprises a bus having a bus Width 
of at least 2n-bits forming at least a ?rst and second sub-bus, 
?rst couplers for coupling each memory bank or the register 
?le selectively With one of the sub-busses, and second 
couplers for coupling the register ?le or the memory banks 
With the bus. 

[0005] In another embodiment of the present invention, 
the data processing unit comprises a ?rst and a second 
register ?le having a plurality of registers, a memory having 
a plurality of n-bit input/output ports, a bus having a bus 
Width of at least 2n-bits forming at least a ?rst and second 
sub-bus, ?rst couplers for coupling each memory bank 
selectively With one of the sub-busses, second couplers for 
coupling the ?rst register ?le With the bus, and third couplers 
for coupling the second register ?le With the bus. 

[0006] In yet another embodiment a data processing unit 
comprises a ?rst and a second register ?le having a plurality 
of registers, a ?rst and second memory each having a 
plurality of n-bit input/output ports, a ?rst bus having a bus 
Width of at least 2n-bits forming at least a ?rst and second 
sub-bus, ?rst couplers for coupling each memory bank of 
said ?rst memory selectively With one of the sub-busses, 
second couplers for coupling said ?rst register ?le With said 
?rst bus, a second bus having a bus Width of at least 2n-bits 
forming at least a third and fourth sub-bus, third couplers for 
coupling each memory bank of said second memory selec 
tively With one of the sub-busses, fourth couplers for cou 
pling the second register ?le With the second bus, and a 
bus-coupler for coupling the ?rst and second bus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGS. 1a and 1b shoW a block-diagram of ?rst 
embodiments including a memory sub-system, a coupling 
interface and a register ?le according to the present inven 
tion, 
[0008] FIG. 2 shoWs a block diagram of a second embodi 
ment including a memory sub-system coupled With a reg 
ister ?le according to the present invention, 

[0009] FIG. 3 shoWs a block diagram of a third embodi 
ment With a memory subsystem coupled With a register ?le 
according to the present invention, 

[0010] FIG. 4 shoWs a block diagram of a fourth embodi 
ment With a coupling unit betWeen a memory system and 
tWo register ?les according to the invention, 

[0011] FIG. 5 shoWs details of the coupling unit coupling 
multiple banks With a register ?le, 

[0012] FIG. 6 shoWs an addressing scheme of a multiple 
bank memory system, 

[0013] FIG. 7 shoWs another addressing scheme of a 
multiple bank memory system, 

[0014] FIG. 8 shoWs the bus-bridge according to FIG. 4 
in more detail, 

[0015] FIG. 9 is a further embodiment shoWing a memory 
and a interface of the present invention, 

[0016] FIG. 10 shoWs a data transfer of a ?rst type using 
the embodiment of FIG. 4., 

[0017] FIG. 11 shoWs a data transfer of a second type 
using the embodiment of FIG. 4., 

[0018] FIG. 12 shoWs a context sWitch data transfer using 
the embodiment of FIG. 4, 

[0019] FIG. 13 shoWs a single bus line structure With a 
bus holder, and FIG. 14 shoWs a different embodiment of a 
bus holder. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] FIG. 1a shoWs an embodiment of simple imple 
mentation of the principles according to the present inven 
tion. Amemory sub-system contains tWo memory banks 101 
and 102. Throughout the application, memory bank means a 
memory block containing either multiple banks or toWers 
organiZed in one or more data bytes or a single memory 
organiZed in multiple bytes. Thereby, the memory sub 
system can be either cache memory or standard memory. 
The memory banks 101 and 102 are addressed and selected 
by a memory address and select unit 9. Each memory bank 
outputs 16 bit data at its respective data input/output port. 
The output ports are coupled With the input of 2x16 multi 
plexers 401, 402, respectively. Each multiplexer 401 and 
402 comprises tWo 16 bit outputs Which are coupled With 16 
bit sub-busses 410 and 420. The multiplexers are controlled 
by memory address and select unit 9. A register ?le 8 is 
provided Which contains a plurality of 16 bit registers 81, 82, 
83, 84, . . . Register ?le 8 is organiZed in a Way, that tWo 
registers are accessible in parallel. Register ?le 8 is coupled 
With both 16 bit sub-busses 410 and 420. 
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[0021] FIG. 1b is functional identical to FIG. 1a. Here, 
the multiplexers 401 and 402 are placed betWeen the sub 
busses 410, 420 and the register ?le 8. The multiplexers are 
controlled by memory address and select unit 9. 

[0022] Both arrangements are capable of transferring tWo 
16 bit Words from or to register ?le 8 to or from memory 
sub-system 1 in parallel. The register ?le is organiZed in 
such a Way that tWo registers are accessible at the same time, 
for example, register 81 and register 82 or register 83 and 
register 84, etc. The multiplexers can perform an alignment 
in case data to be transferred to the register ?le 8 is not 
aligned With memory bank 101. This Will be explained in 
more detail beloW. Both arrangements can also transfer a 
single Word (16 bit) from one of the tWo memory banks 101, 
102 to any register in the register ?le 8. 

[0023] Additional multiplexers in the register ?le can 
provide transfer of single bytes in this arrangement. Of 
course, the Whole embodiment can be expanded to a 8 bit 
sub-bus system using four 8 bit sub-busses and respective 
multiplexers. 
[0024] FIG. 2 shoWs a block diagram of an interface 4 
betWeen a register ?le 8 and a memory subsystem 1 in a 
microcontroller or microprocessor. The memory sub-system 
1 comprises 4 memory banks 101, 102, 103, and 104. Each 
memory bank is organiZed in 16 bits. In other Words, each 
memory bank has a 16-bit data input/output port. A memory 
address and select unit 9 is provided to select each memory 
bank individually. Unit 9 also provides the addressing of the 
memory banks Which is usually common for all banks but 
can be provided individually at least in part as Will be 
explained later. 

[0025] The interface 4 comprises a bus having four 16-bit 
sub-busses 410, 420, 430, and 440. Each bus 410, 420, 430, 
and 440 is bi-directional and connected to bi-directional 
input/output ports of four multiplexers 401, 402, 403, and 
404, respectively. Each multiplexer 401, 402, 403, and 404 
couples one of the four sub-busses 410, 420, 430, and 440 
With the input/output port of an appropriate memory bank 
101, 102, 103, or 104. Register ?le 8 comprises tWo banks 
of registers 810, 820 each having a number of registers. Each 
register has 32 bits and comprises an upper 16 bit portion 
801 and a loWer 16 bit portion 802. The upper portion 801 
of register bank 810 is coupled With sub-bus 410, the loWer 
portion 802 With sub-bus 420, the upper portion 803 of 
register bank 820 With sub-bus 430, and the loWer portion of 
register bank 820 With sub-bus 440. For the sake of a better 
overvieW the control logic for selecting the sub-busses 410, 
420, 430, and 440 and the multiplexers 401, 402, 403, and 
404, etc. is not shoWn in FIG. 2. 

[0026] The embodiment according to FIG. 2 provides the 
feature of reading and Writing of up to tWo 32 bit long Words 
or four 16 bit Words in parallel from or to the memory 
sub-system 1. The register ?le has to be organiZed in a Way 
that tWo or more registers are accessible in parallel. For 
Writing tWo 32 bit long Words into the register ?le memory 
address and select unit 9 addresses the memory banks 101, 
102, 103, and 104. If the data from memory 1 are aligned, 
then multiplexer 401 selects sub-bus 410, multiplexer 402 
selects sub-bus 420, multiplexer 403 selects sub-bus 430, 
and multiplexer 404 selects sub-bus 440. The register select 
unit (not shoWn) select one register in each register bank 
810, 820. In another embodiment the same register in each 
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bank 810 and 820 are addressed. Thus tWo 32 bit long Words 
Will be Written into the register ?le in a single cycle. If the 
data stored in the memory is not aligned, for example, if the 
tWo 32 bit long Words start in memory bank 102 at address 
X, folloWed by the data in banks 103, and 104 at the same 
address and ending With data stored in memory bank 101 at 
the address X+8 (With byte-Wise addressing), then memory 
address and select unit addresses memory banks 102, 103, 
104 With address X and memory bank 1 With address X+8. 
The respective outputs are coupled With the register ?le 8 as 
folloWs: Multiplexer 401 couples memory bank 101 With 
sub-bus 440, multiplexer 402 couples memory bank 102 
With sub-bus 410, multiplexer 403 couples memory bank 
103 With sub-bus 420, and multiplexer 404 couples memory 
bank 104 With sub-bus 430. Thus, no matter hoW the data is 
stored in memory 1, the interface 4 automatically aligns it 
for reading or Writing in or out of register ?le 8. This scheme 
is shoWn for 16 bit Words as the smallest data Which can be 
loaded or stored. Nevertheless, the scheme can be easily 
adapted to higher or loWer data structures, such as 8 bit data 
or 32 bit data, etc. 

[0027] The arrangement according to FIG. 2 can also be 
used to store or load a single 16 bit Word from or to memory 
1. For example if a 16 bit Word is to loaded from memory 
bank 3 into a upper portion register in register bank 810, then 
memory address and select unit 9 selects and addresses 
memory bank 103. The data from the output port of memory 
bank 3 is coupled With sub-bus 410 through multiplexer 403. 
The register select logic (not shoWn) select the proper 
register out of register bank 810, for example register 
portion 801. 

[0028] In embedded application it is often necessary to 
save as much energy as possible. With the embodiment 
according to the present invention only the memory bank 
Which contains data to be transferred has to be activated. 
Also, only the appropriate sub-bus changes. All other busses 
can remain in their respective status. This can be achieved by 
so called bus holders as Will be explained later. Thus, all 
other memory bank can be in a quiescent mode. No unnec 
essary charging of bit and Word lines has to be initiated. 

[0029] FIG. 2 shoWs the multiplexers or sWitches betWeen 
the memory subsystem 1 and the busses 410, 420, 430, and 
440. In a different embodiment (not shoWn) the multiplexers 
or sWitches can be placed betWeen the busses 410, 420, 430, 
and 440 and the register ?le 8. In yet another embodiment 
the sWitches can be on both sides. This is dependent on the 
implementation and layout of the respective microprocessor 
or microcontroller. 

[0030] FIG. 3 shoWs an embodiment Which is expanded in 
vieW of the embodiment shoWn in FIG. 2. The arrangement 
of FIG. 2 is simply doubled. Therefore, tWo memory blocks 
are provided Within memory sub-system 1. Each memory 
block contains 4 memory banks 101, 102, 103, 104, 101‘, 
102‘, 103‘, and 104‘. The embodiment also comprises tWo 
buses 4 and 4‘ and respective multiplexers 401, 402, 403, 
404, 401‘, 402‘, 403‘, and 404‘. Finally, tWo separate register 
?les 8 and 8‘ are provided. 

[0031] This embodiment alloWs transfer of up to four 32 
bit Words in parallel. For example, register ?le 8 can be a 
address register ?le and register ?le 8‘ a data register ?le. 
The transfer of data into the registers takes place in the same 
manner as described above. Memory subsystem 1 is divided 
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into tWo separate memory blocks wherein address register 
?le 8 has access only to memory banks 101, 102, 103, and 
104 Whereas register ?le 8‘ has only access to memory banks 
101‘, 102‘, 103‘, and 104‘. In many application this is not 
disadvantageous as the central processing unit provides 
means to transfer data from register ?le 8 to register ?le 8‘ 
and vice versa. 

[0032] Nevertheless, to overcome this drawback FIG. 4 
shoWs a third embodiment according to the present inven 
tion. In this embodiment a memory block 1 is coupled by a 
64 bit read bus 1a and a 64 bit Write bus 1b With a coupling 
unit 42 of a ?rst 64 bit bus 46. Instead of separate read and 
Write busses a single bi-directional bus can be used. The tWo 
memory banks can be addressed With either a common 
address signal generated by a memory address and select 
unit (not shoWn) or an individual address signal for each 
memory bank generated by the memory address and select 
unit. For this purpose memory address and select unit 
provides a address incrementer as Will be explained later. A 
second coupling unit 44 couples bus 46 With respective 64 
bit read and Write buses of an address register ?le 8. A ‘ 
indicates the same elements on the data register ?le side. 
Interface 4 comprises a second bus 47 With coupling units 43 
and 45. BetWeen the tWo busses 46 and 47 a bridge is 
provided. this bridge 41 is controllable and can couple both 
busses 46 and 47. A sWitch control unit 3 is provided Which 
controls the coupling units 42, 43, 44, and 45, the bridge 41 
and an external interface7 Which can couple external devices 
through busses 7a, 7b, and 7c. 

[0033] FIG. 4 shoWs basically the same elements as FIG. 
3. In addition a bridge unit 41 is provided. if this bridge unit 
41 is activated by sWitch control 3, then only up to 2 32 bit 
long Words or 4 16 bit Words can be transferred to or from 
either address register ?le 8 or data register ?le 8‘. Also, only 
either memory block 1 or memory block 1‘ can be source or 
destination in this mode. On the other hand both memory 
blocks 1 and 1‘ can form a single memory With consecutive 
memory addresses and data can be transferred from any 
location Within this memory to any register in the register 
?les 8 and 8‘. Also, the external interface 7 can provide data 
Which can be transferred to either register ?le. Furthermore, 
an additional internal interface (not shoWn), for example, 
coupled With bus 46 or 47, can be provided to transfer data 
from or to other on-chip devices. Bridge 41 thereby selects 
the Way the data is routed Which can be from or to either 
internal memory bank 1, 1‘ to or from the register ?les 8, 8‘, 
the external interface 7 or internal interface. The bridge 41 
alloWs a plurality of combinations. On the other hand, if the 
bridge 41 is deactivated then the content of tWo 32 bit 
registers in the address register ?le and of tWo 32 bit 
registers in the data register ?le can be transferred Within one 
single cycle from or to the memory subsystem 1, 1‘. This is 
very advantageous in case of a context sWitch Where 
depending upon implementation the content of a number of 
registers has to be stored and restored. For example, if a 
context consists of four data and four address registers a 
context sWitch With an embodiment according to FIG. 4 
takes only 2 cycles for storing and tWo cycles for restoring 
the respective registers. 

[0034] FIG. 5 shoWs an embodiment of one side of 
interface 4 including, for example, coupling units 42, bus 46, 
and coupling unit 44. Memory block 1 is divided into four 
memory toWers or banks 101, 102, 103, and 104. Bus 46 is 
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divided into four 16 bit sub-busses 46a, 46b, 46c, and 46d. 
Each memory toWer has a 16 bit data input/output port 101a, 
102a, 103a, and 104a. Port 101a is coupled With sub-bus 
46b and sub-bus 46d. Port 102a is coupled With sub-bus 46a 
and sub-bus 46c. Port 103a is coupled With sub-bus 46b and 
sub-bus 46d. Port 104a is coupled With sub-bus 46a and 
sub-bus 46c. Four 16 bit coupling busses 801, 802, 803, and 
804 are provided. Coupling bus 801 is coupled With sub-bus 
46a and 46b. Coupling bus 802 is coupled With sub-bus 46b 
and 46c. Coupling bus 803 is coupled With sub-bus 46c and 
46d. Coupling bus 804 is coupled With sub-bus 46d and 46a. 
Each dot in FIG. 5 indicates a coupling of each of the 16 
lines of a port or coupling bus With one of the 16 respective 
lines of the sub-bus. In the upper right corner of FIG. 5 an 
embodiment comprising tri-state buffers for a single bus line 
is shoWn. The input of a ?rst tri-state driver 48 is connected 
With one line of an input/output port of memory sub-system 
1. Its respective output line is connected to the respective 
line of bus 46. A second tri-state driver 49 is provided. Its 
input is connected to the same line of bus 46 and its output 
is connected With the same port of memory subsystem 1. 
This embodiment shoWs bi-directional busses. Of course, 
unidirectional busses can be used as Well. 

[0035] The connection scheme according to FIG. 5 alloWs 
any 16 bit data Word to be placed at any of the coupling 
busses 801, 802, 803, or 804. This scheme can be used 
instead of the one shoWn in FIG. 2 or FIG. 3. The principle 
used here can be expressed also more generally as folloWs: 
Memory 1 comprises even and odd memory toWers each 
having a port. The register ?le 8 comprises a plurality of 
registers, Whereby a number of registers are accessible in 
parallel. The register ?le has a bit Width Which is at least 
equal to the sum of the bit Width of each memory toWer port, 
for example, if four memory toWers each having a 16 bit port 
are used, then the register ?le 8 comprises at least tWo 32 bit 
registers or four 16 bit registers being accessible in parallel. 
Thereby, the register ?le interface forms a multiple n-bit 
interface to said register ?le. The coupling bus comprises 
even and odd sub-busses, Whereby ?rst couplers are bi 
directional tri-state drivers coupling each odd memory toWer 
With each even sub-bus and each even memory toWer With 
each even sub-bus and Whereby the second couplers couple 
the sub-busses With the register ?le interface in such a Way, 
that said port of any memory toWer can be coupled With any 
n-bit part of said register ?le interface. 

[0036] Any other scheme can be used Which achieves the 
same purpose of aligning and distributing data to respective 
registers in parallel, for example, each memory toWer 101, 
102, 103,104 could be selectively coupled With each sub-bus 
and each coupling bus 801, 802, 803, and 804 Would be 
?xedly coupled With one of the sub-busses 46a, 46b, 46c, 
46d, respectively. A further embodiment Would provide all 
selective couplings betWeen coupling busses 801, 802, 803, 
804 and the sub-busses 46a, 46b, 46c, 46d and ?xed 
connections betWeen the memory toWers 101, 102,103, 104 
and the sub-busses 46a, 46b, 46c, 46d. 

[0037] If tWo 32 bit long Words are stored unaligned in 
memory subsystem, for example, the 64 bits begin in 
memory bank 103, the folloWing alignment takes place. Port 
103a is coupled sub-bus 46b, port 104a is coupled With 
sub-bus 46c, port 101a is coupled With sub-bus 46d, and port 
102a is coupled With sub-bus 46a. Furthermore, sub-bus 46b 
is coupled With coupling bus 801, sub-bus 46c is coupled 
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With coupling bus 802, sub-bus 46a' is coupled With coupling 
bus 803 and sub-bus 46a is coupled With coupling bus 804. 

[0038] Usually, all memory banks receive the same 
address from memory address and select unit 9. Neverthe 
less, unit 9 can also address each memory bank differently. 
Of, course this Would increase the respective logic and 
Wiring area. Therefore, a simpler access of different memory 
cells in each memory bank is shoWn in FIG. 6 and FIG. 7. 
This access scheme alloWs access to any unaligned 64 bit 
data stored Within a addressed memory portion of this 4 bank 
memory block. This type of access is the most common case 
Which usually Would need 2 cycles, for example, if a 64 bit 
data begins in memory bank 102 and ends in memory bank 
101, as shoWn in FIG. 6, then during a ?rst cycle memory 
banks 102,103, and 104 Would output their data at address 
X and during a second cycle memory bank 101 outputs its 
data at address X+8 (byteWise addressing). 

[0039] FIG. 6 shoWs an access scheme Which alloWs 
access of unaligned data in a memory block With a plurality 
of memory banks Within a single cycle. In FIG. 6 are again 
4 memory banks 101, 102,103, and 104 With respective 
input/output ports 101a, 102a, 103a, and 104a shoWn. Each 
bank is addressed by address and select unit 9 by the upper 
address bit lines 90 Which form the main address part of a 
respective address Which addresses a 32 bit data portion of 
each bank 101, 102, 103, and 104. The 32 bit data portion 
consists of tWo 16 bit memory cells 101b, 101c in memory 
bank 101, 102b, 1026 in memory bank 102, 103b, 103c in 
memory bank 103, and 104b, 104c in memory bank 104. 
Data in memory block 1 are stored in a sequential order such 
that memory cells 101b, 102b, 103b, 104b, 101c, 102C, 
103c, 104c, etc. form consecutive memory cells Within 
memory block 1. In other Words, memory cells 101b, 102b, 
103b, and 104b contain the upper data part and memory cells 
101c, 1026, 103c, and 104c contain the loWer data part of a 
128 bit data Word. Special address bit lines 91, 92, 93, 94 are 
used to select individually upper or loWer memory cells in 
each bank 101, 102, 103, and 104. For example, as shoWn 
in FIG. 6, if unaligned 64 bit data start in memory bank 102 
and end in memory bank 101 indicated by the shaded 
memory cells 102b, 103b, 104b, and 101c. Address and 
select unit 9 selects these memory cells through address 
lines 90, 91, 92, 93, and 94. Ports 101a, 102a, 103a, and 
104a then carry the unaligned 64 bit data Word Which Will 
be aligned through interface 4 as described above. 

[0040] FIG. 7 shoWs a second embodiment of memory 
block 1. Here, tWo memory banks 105 and 106 are provided. 
Each memory bank is organiZed in 64 bits. Bank 105 
contains the “upper/lower” data and is addresses by address 
lines 95 through memory address and select unit 9 to output 
64 bit in parallel. Bank 106 contains the “loWer/upper” data 
and is addressed by address lines 96 through unit 9 to output 
also 64 bit in parallel. Address lines 95 and 96 can be partly 
identical, for example only the least signi?cant bit is handled 
differently. Depending on this least signi?cant bit it is 
decided Whether bank 105 or 106 contains the upper or 
loWer part. Memory address and select unit 9 provides an 
address incrementer to alloW different addresses on address 
lines 95 and 96. The 64 bit output is fed in four 16 bit 
portions to four 2><16 multiplexers 107, 108, 109, and 110. 
The outputs of each multiplexer 101a, 102a, 103a and 104a 
carry the unaligned 64 bit data from memory 1. The multi 
plexers are controlled by memory address and select unit 9. 
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The memory banks 105 and 106 are organiZed in such a Way, 
that data start in the ?rst roW of bank 105, continue in the 
?rst roW of bank 106, folloWed by roW 2 of bank 105 and so 
on. Again, for example, if unaligned 64 bit data start With the 
third 16 bit portion in memory bank 105, as indicated by the 
shadoWed memory cells in FIG. 7, unit 9 selects the same 
memory lines in bank 105 and 106. Through multiplexers 
107, 108, 109, and 110 the respective 16 bit portions of bank 
105 or bank 106 are selected and fed to output ports 101a, 
102a, 103a, and 104a. In this example, multiplexers 109 and 
110 select bank 105 and multiplexers 107 and 108 select 
bank 106. The actual alignment is done by interface 4 as 
described above. 

[0041] For Writing into the memory banks all memory 
cells must be accessible individually. This is important 
because in case of a scenario shoWn in FIG. 7 the non 
shaded memory cells must not be overWritten during a Write 
access. Therefore, address lines 95 and 96 must provide 
select lines for each memory cell Within a roW of memory 
banks 105 and 106. 

[0042] As can be seen to anybody skilled in the art, there 
are numerous Ways to organiZe memory banks and to form 
output ports for the memory subsystem by means of multi 
plexers or tri-state drivers, etc. 

[0043] FIG. 8 shoWs an embodiment of the bridge unit 41 
shoWn in FIG. 4. Bus 46 and 47 each are divided into four 
16 bit sub-busses. Each line of each sub-bus of bus 46 is 
coupled With the respective line of bus 47 by means of tWo 
tri-state drivers. FIG. 8 shoWs only drivers for one of sixteen 
lines for each sub-bus. The tri-state driver pairs 450, 451; 
460, 461; 470, 471; 480, 481 each form a selectable bi 
directional coupling element. Each driver either functions as 
a read or Write driver depending on the source and destina 
tion of the respective data. The upper or loWer drivers of 
each line can be enabled commonly or separately for each 16 
bit sub-bus. Thus, different directions for each sub-bus are 
possible and, for example, 32 bit data can be Written from 
memory block 1 to the data register 8‘ and 32 bit data from 
memory 1‘ to address register ?le 8. Any other combination 
is possible depending on the complexity of the bridge unit 
41. In most simple embodiments all top drivers 450, 460, 
470, and 480 are enabled by a single signal and all bottom 
drivers 451, 461, 471, and 481 are enabled by a second 
signal. 

[0044] Another embodiment of the memory interface is 
shoWn in FIG. 9. In this embodiment only a single memory 
block 120 is provided. This memory block 120 is organiZed 
in 128 bits. The interface betWeen register ?le and memory 
consists of 32 double 2><1 multiplexers M1-M32 as primary 
sWitches, an intermittent bus 490 and 8 barrel shifters as 
secondary sWitches. Each multiplexer M1-M32 contains tWo 
2><1 multiplexers. The multiplexers M1-M32 are individu 
ally controlled by control signal C. Each bit cell output of an 
addressed roW of memory block 120 is coupled With an input 
of a multiplexer M1-M32. 4 multiplexers M1-M4; 
M5-M8; . . . . M29-M32 respectively are coupled With one 

of 8 barrel shifters B1-B8. The barrel shifters are controlled 
by signal B. The barrel shifters B1-B8 output 64 bits in 
parallel Which are fed to the register ?le. 

[0045] In this embodiment the 128 bits of each roW of 
memory block 120 are not stored in a consecutive order. The 

bit order starts With bit D0, D8, D64, D72, D16, D24, D80, 
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D88, . . . D48, D56, D112, D120, . . . D55, D63, D119, D127. 
The order is divided into eight blocks each having four 4 bit 
groups. The 4 bit groups each carry data bits Dn, Dn+8, 
Dn+64, Dn+72, Wherein n has the order n=0, 16, 32, 48, 1, 
17, 33, 49, 2, 18, 34, 50, . . .7, 23, 39, 55 as shoWn in FIG. 
9. The multiplexers M1-M8 select tWo data lines out of a 4 
bit group, Whereby either the ?rst tWo and or the second tWo 
bits are selected, for example, multiplexer M1 selects either 
data pair D0, D8 or data pair D64, D72. The multiplexers 
M1-M32 are controlled separately, in other Words each 
double multiplexer M1-M32 is controlled by a different 
control line. Therefore, control signal C consists of at least 
32 control lines. The output of all multiplexers form a 64 bit 
bus 490. Eight 8-Bit barrel shifters B1-B8 form the second 
ary sWitches Which sWitch the data on the 64 bit lines of bus 
490. Each barrel shifter performs a left shift in increments of 
tWo bit depending on the control signal B Which is formed 
by respective address signals. 

[0046] The alignment function of such an arrangement is 
explained by means of the folloWing example. Assuming the 
memory block base address is 0, each roW address starts at 
a multiple of m><128, With m=0, 1, 2, 3, . . . Further assuming 
a 64 bit Word is to be loaded from address 262. The 
respective data is stored in the third roW, starting at the 
second Word or at the third byte. Memory address and select 
unit (not shoWn) generate select signal A Which selects the 
third roW of memory. 1.2.0. Thus, all 128 bits of this 
memory roW are fed to the inputs of multiplexers M1-M32. 
A switch control unit (not shown), Which may be part of 
memory address and select unit, selects the second data pair 
of multiplexers M1, M5, M9, M13, M17, . . . M29 and the 
?rst data pair of all other multiplexers. Thus, the input of 
barrel shifter B1 receives the folloWing data signals: D64, 
D72, D16, D24, D32, D40, D48, and D56. Signal B is 
common for all eight barrel shifters and indicates in this 
example to shift the data byte by one step. As mentioned 
above, one step is equal to a left shift by tWo bits. Therefore, 
the output of barrel shifter B1 carries signals D16, D24, 
D32, D40, D48, D56, D64, D72. Even so the output of the 
barrel shifters B1-B8 are not in the right order, there is a 
?xed relationship betWeen each output line. Thus, no addi 
tional sWitching is necessary. To bring the single bits into the 
right order only the Wiring has to be changed as indicated in 
FIG. 9. The Wiring selects the ?rst bits of each barrel shifter 
B1-B9, folloWed by the second bits of each barrel shifter 
B1-B9, etc. Thus, the register ?le receives a data Word Which 
is the aligned 64 bit Word starting With bit D16, D17, 
D18, . . . D79. If access to data is only alloWed on 16 bit 

boundaries less control lines C and B are needed. In such an 
arrangement 16 four bit groups coupled With the multiplex 
ers M1, . . . , M32 Would have the same settings alloWing to 

reduce the number of control lines C respectively. Also, the 
barrel shifters B1, . . . , B8 Would only need to shift by 16 

bit thus reducing the number of control lines B. 

[0047] The principle of this embodiment is to provide 
multiplexers as ?rst sWitches Which select a prede?ned 
number of bits from the data provided by the memory in 
parallel to the respective internal bus. The second sWitch is 
used to bring the extracted bits in a prede?ned order. The 
second sWitch does not necessarily reduce the number of bits 
but does reorder the bits so that the relation of each con 
secutive bit is constant. 
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[0048] The order of consecutive bits stored in the memory 
can be arranged in many different Ways and does not have 
to folloW the order of the embodiment. Principle of the 
present invention is to interleave or scramble the bytes, 
Words, or long Words stored in memory in an appropriate 
manner. Thus, a local multiplexing can select the respective 
data bits. HoWever, the Write enable signal has to be also 
interleaved to access the respective memory cells during a 
Write cycle. For example, the Write enable signal for the ?rst 
byte has to go to bit 0, 1, 2, 3, . . . 7 Which are not in 
consecutive order. 

[0049] The barrel shifter can of course be realiZed by 
multiplexers or in any other knoWn Way. The output bit lines 
of barrel shifters B1-B8 do not have to be ordered before 
they are coupled With the register ?le. Depending on the siZe 
of each register this can also be done betWeen the register 
?le and the execution units as only execution units Which 
actually manipulate the content of a register need the content 
of a data byte or Word in order. Nevertheless, in a 32 bit 
microcomputer With 32 bit registers Where a register might 
store 4 bytes, 2 Words or 1 long Word, it is advantageous to 
order the bits fed from the interface to the register ?le. Also, 
any conventional memory, externally or internally, can be 
used as the bit order in the memory is of no concern as long 
reading and Writing lines use the same order. Thus, in case 
of a dual port memory With different port orders, a reWiring 
on either port has to be performed to ensure proper order of 
the memory content. 

[0050] FIG. 10 shoWs a data transfer using the embodi 
ment of FIG. 4. Both memory banks are addressed by the 
same address signal generated by memory address and select 
unit 9. Each memory bank has a four 16 Bit Word Wide 
interface, for example 64 bits. Bus 46 and bus 47 each 
consist of four 16 Bit Wide sub-busses 46a, 46b, 46c, 46d 
and 47a, 47b, 47c, 47d, respectively. If all four 16 Bit Words 
are to be transferred from one memory bank to one of the 
register ?les 8, 8‘ the transfer takes place With or Without 
usage of bridge 41. In case of a boundary crossing data from 
both memory banks have to be transferred into one register 
?le. This scenario is shoWn in FIG. 10. The ?rst tWo 16 Bit 
Words are stored at the last tWo memory positions of the ?rst 
memory bank 1 and the folloWing tWo 16 Bit Words are 
stored Within the second memory bank 1‘. In this scenario 
the content of the last tWo memory cells of the ?rst memory 
bank are transferred on sub-bus 46a and 46b. Bridge 41 
couples sub-bus 46a With 47a and sub-bus 46b With 47b. 
The second tWo 16 Bit Words are transferred from the ?rst 
tWo memory cells Within the second memory bank 1‘ onto 
sub-bus 47c and 47d, respectively. Through coupling bus 8a‘ 
the four 16 Bit Words are transferred into register ?le 8‘. 

[0051] FIG. 11 depicts a second scenario in Which a 
crossing from the second memory bank 1‘ to the ?rst 
memory bank 1 takes place. In this scenario memory address 
and select unit 9 has to provide different addresses for each 
memory bank. Therefore, memory address and select unit 9 
comprises an address incrementer to increment an address 
provided, for example, to memory bank 1‘ for memory bank 
1. If, for example, four 16 Bit Words are stored Within the 
memory under an address, that, for example, the ?rst 16 Bit 
Word is stored in the last memory cell in one roW of the 
second memory bank 1‘, then the succeeding memory cells 
are located under a succeeding address in the ?rst memory 
bank 1. The incrementer increments the address, in this 
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example by 64, and provides the ?rst memory bank 1 With 
the incremented address. The content of the last memory cell 
of the addressed roW in the second memory bank 1‘ is 
transferred on sub-busses 47a. The content of the ?rst three 
memory cells of the roW of the ?rst memory bank 1 
addressed by the incremented address are transferred to 
sub-busses 46b, 46c, and 46d, through the bridge to sub 
busses 47b, 47c and 47d. The transfer to register ?le 8‘ takes 
place in the same manner as described above. 

[0052] FIG. 12 depicts a third scenario in Which, for 
example, a context sWitch takes place. The purpose of such 
a transfer is to load or store the content of a context 

represented by the content of a plurality of registers as 
quickly as possible. During such a data transfer the bridge 41 
completely de-couples busses 42 from busses 43. Thus, 64 
bit from memory bank 1 can be transferred to register ?le 8 
in parallel With 64 bits from memory bank 1‘ to register ?le 
8‘ or vice versa. Therefore, memory address and select unit 
9 addresses both memory banks 1 and 1‘ With usually the 
same address Were the context content is stored or is to be 
stored to. External or internal interfaces are usually also 
de-coupled during such a process. In the shoWn example 
four 32 bit Words, tWo in each memory bank, Would be 
transferred from/to memory 1, 1‘ to/from register ?les 8, 8‘ 
in parallel alloWing very fast sWitching from one task to 
another. In this example, in a 32 bit microprocessor or 
microcontroller, a context consisting of four 32 bit Words 
could be stored or restored in a single cycle. 

[0053] FIGS. 10, 11, and 12 do not shoW the couplers 42, 
43, 44, and 45 according to FIG. 4. for a better overvieW, 
only the different data paths are shoWn. 

[0054] The above described procedure alloWs aligned and 
unaligned data transfer from and tWo the memory banks 1, 
1‘ to and from the register ?les 8, 8‘ Without any penalty 
cycle. Thus, fast transfer of multiple data from or to the 
memory sub-system is possible. 

[0055] FIG. 13 shoWs an embodiment of a single bus line, 
for example, bus line 46a. Transfer from memory or register 
?le to the busline 46a is established via tWo tristate inverters 
150 and 156. A simple logic consisting of NOR gate 151 and 
157 controlled by a clock signal 152 and respective logic 
signals 153 and 158 controls drivers 150 and 152. If the 
drivers 150 and 156 are not enabled a special bus holder 
arrangement secures the status of the bus line in a de?ned 
manner. The bus holder consists of a ?rst inverter 154 Whose 
input is coupled With bus line 46a and Whose output is 
coupled With the input of a second inverter 155 Whose output 
is coupled With bus line 46a. Inverter 155 is preferably Weak 
to avoid a unnecessary load on the bus line for one of the 
drivers 150 or 156. Such an arrangement avoids congestion 
problems on a bus line as the bus line is only actively driven 
during the loW phase of the clock signal 152. During the high 
phase of the clock signal 152 drivers 150 and 156 are 
disabled. Thus, an improved signal How can be achieved. 

[0056] FIG. 14 shoWs an improvement of the bus holder. 
Again, a ?rst inverter 160 is coupled With a second inverter 
161 in series to hold a signal on a bus line. Here, the second 
inverter 161 is a strong driver but sWitched. This driver is 
only active When the clock signal 152 is high and no other 
driver is active. These tWo conditions are anded by an AND 
gate 162 Whose output controls driver 161. 
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1. Data processing unit With a register ?le having a 
plurality of registers, a memory having a plurality of n-bit 
input/output ports, and a coupling unit for coupling said 
memory With said register ?le, a memory address and select 
unit for addressing said memory, Wherein said coupling unit 
comprises: 

a bus having a bus Width of at least 2n-bits forming at least 
a ?rst and second sub-bus, 

?rst couplers for coupling each port of said memory With 
at least one of said sub-busses, and 

second couplers for coupling said register ?le With at least 
one of said sub-busses. 

2. Data processing unit according to claim 1, Wherein said 
memory comprises a plurality of memory banks. 

3. Data processing unit according to claim 1, Wherein the 
?rst couplers selectively couple each port With one of said 
sub-busses. 

4. Data processing unit according to claim 1, Wherein 
each of the second couplers selectively couples the register 
?le With one of said sub-busses. 

5. Data processing unit according to claim 1, Wherein said 
memory address and select unit controls single byte, Word or 
multiple byte access. 

6. Data processing unit according to claim 3, Wherein said 
second couplers comprise an alignment unit Which based 
upon said access type couples either said bus With a plurality 
of selectable registers of said register ?le in parallel or one 
of said sub-busses With a selectable register of said register 
?le. 

7. Data processing unit according to claim 1, Wherein said 
?rst couplers comprise tri-state buffers for coupling the 
output lines of said ports With respective lines of said bus. 

8. Data processing unit according to claim 1, Wherein said 
?rst couplers comprise multiplexers for coupling the output 
lines of said ports With respective lines of said bus. 

9. Data processing unit according to claim 3, Wherein said 
memory comprises a plurality of memory banks and depend 
ing on the access type said memory address and select unit 
only selects the memory bank needed for the respective 
access. 

10. Data processing unit according to claim 1, Wherein 
said register ?le comprises a plurality of registers, Whereby 
a number of registers being accessible in parallel, said 
registers having a combined bit Width Which is at least equal 
to the sum of the bit Width of each memory bank port, 
thereby forming a multiple n-bit interface to said register 
?le. 

11. Data processing unit according to claim 9, said 
memory comprises even and odd memory banks and said 
bus comprises even and odd sub-busses, Whereby said ?rst 
couplers are bi-directional tri-state drivers coupling each 
odd memory bank With each even sub-bus and each even 
memory bank With each even sub-bus and Whereby the 
second couplers couple the sub-busses With the register ?le 
interface in such a Way, that said port of any memory bank 
can be coupled With any n-bit part of said register ?le 
interface. 

12. Data processing unit according to claim 1, Wherein 
said memory comprises a plurality of memory banks, 
Wherein each bank comprises a memory input/output port 
having a m-byte Width, Whereby 2m-bytes data are 
addressed by said address and select unit in each memory 
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bank and further select lines select one of the tWo m-byte 
data to be output at said port. 

13. Data processing unit according to claim 1, Wherein 
said memory comprises a plurality of memory banks each 
organized to output a memory roW having multiple m-bytes, 
and multiple multiplexers to select for each m-byte portion 
one of said memory banks. 

14. Data processing unit according to claim 1, Wherein the 
?rst couplers select a prede?ned number of bits equal to the 
number of bits of said bus and the second coupler reorder the 
selected bits from said bus. 

15. Data processing unit according to claim 14, Wherein 
said memory comprises at least four n-bit ports and the ?rst 
couplers couple 2n-bits of said memory With said bus and 
said second couplers comprise a plurality of barrel shifters 
being controlled by an address signal. 

16. Data processing unit according to claim 1, Wherein 
said busses comprise a plurality of bus lines and at least one 
bus line is coupled With a bus holder. 

17. Data processing unit comprising a ?rst and a second 
register ?le having a plurality of registers, a memory having 
a plurality of n-bit input/output ports, a bus having a bus 
Width of at least 2n-bits forming at least a ?rst and second 
sub-bus, ?rst couplers for coupling each port selectively 
With one of said sub-busses, second couplers for coupling 
said ?rst register ?le With said bus, and third couplers for 
coupling said second register ?le With said bus. 

18. Data processing unit according to claim 17, Wherein 
said memory comprises a plurality of memory banks. 

19. Data processing unit according to claim 17, Wherein 
said memory address and select unit controls single byte, 
Word or multiple byte access. 

20. Data processing unit according to claim 19, Wherein 
said second and third couplers comprise an alignment unit 
Which based upon said access type couples either said bus 
With a plurality of selectable registers of said register ?les in 
parallel or one of said sub-busses With a selectable register 
of said register ?les. 

21. Data processing unit according to claim 17, Wherein 
said ?rst couplers comprise tri-state buffers for coupling the 
output lines of said ports With respective lines of said bus. 

22. Data processing unit according to claim 17, Wherein 
said ?rst couplers comprise multiplexers for coupling the 
output lines of said ports With respective lines of said bus. 

23. Data processing unit according to claim 19, Wherein 
said memory comprises a plurality of memory banks and 
depending on the access type said memory address and 
select unit only selects the memory bank needed for the 
respective access. 

24. Data processing unit according to claim 17, Wherein 
each register ?le comprises a plurality of registers, Whereby 
a number of registers being accessible in parallel, said 
registers having a combined bit Width Which is at least equal 
to the sum of the bit Width of each memory bank port, 
thereby forming a multiple n-bit interface to said register 
?le. 

25. Data processing unit according to claim 24, said 
memory comprises even and odd memory banks and said 
bus comprises even and odd sub-busses, Whereby said ?rst 
couplers are bi-directional tri-state drivers coupling each 
odd memory bank With each even sub-bus and each even 
memory bank With each even sub-bus and Whereby the 
second couplers couple the sub-busses With the register ?le 
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interface in such a Way, that said port of any memory bank 
can be coupled With any n-bit part of said register ?le 
interface. 

26. Data processing unit according to claim 17, Wherein 
said memory comprises a plurality of memory banks, 
Wherein each bank comprises a memory input/output port 
having a n-byte Width, Whereby 2n-bytes data are addressed 
by said address and select unit in each memory bank and 
further select lines select one of the tWo n-byte data to be 
output at said port. 

27. Data processing unit according to claim 17, Wherein 
said memory comprises a plurality of memory banks each 
organiZed to output a memory roW having multiple n-bytes, 
and multiple multiplexers to select for each n-byte portion 
one of said memory banks. 

28. Data processing unit according to claim 17, Wherein 
the ?rst couplers select a prede?ned number of bits equal to 
the number of bits of said bus and the second coupler reorder 
the selected bits from said bus. 

29. Data processing unit according to claim 28, Wherein 
said memory comprises at least four n-bit ports and the ?rst 
couplers couple 2n-bits of said memory With said bus and 
said second couplers comprise a plurality of barrel shifters 
being controlled by an address signal. 

30. Data processing unit according to claim 17, Wherein 
said busses comprise a plurality of bus lines and at least one 
bus line is coupled With a bus holder. 

31. Data processing unit comprising a ?rst and a second 
register ?le having a plurality of registers, a ?rst and second 
memory each having a plurality of n-bit input/output ports, 
a ?rst bus having a bus Width of at least 2n-bits forming at 
least a ?rst and second sub-bus, ?rst couplers for coupling 
each port of said ?rst memory selectively With one of said 
sub-busses, second couplers for coupling said ?rst register 
?le With said ?rst bus, a second bus having a bus Width of 
at least 2n-bits forming at least a third and fourth sub-bus, 
third couplers for coupling each port of said second memory 
selectively With one of said sub-busses, fourth couplers for 
coupling said second register ?le With said second bus, and 
a bus-coupler for coupling said ?rst and second bus. 

32. Data processing unit according to claim 31, Wherein 
said memories having a plurality of memory banks. 

33. Data processing unit according to claim 31, Wherein 
said memory address and select unit controls single byte, 
Word or multiple byte access. 

34. Data processing unit according to claim 32, Wherein 
said second and fourth couplers comprise an alignment unit 
Which based upon said access type couples either said ?rst 
or second bus With a plurality of selectable registers of said 
?rst or second register ?le in parallel or one of said sub 
busses With a selectable register of one of said register ?les. 

35. Data processing unit according to claim 31, Wherein 
said ?rst and third couplers comprise tri-state buffers for 
coupling the output lines of said ports With respective lines 
of said ?rst or second bus. 

36. Data processing unit according to claim 31, Wherein 
said ?rst and third couplers comprise multiplexers for cou 
pling the output lines of said ports With respective lines of 
said ?rst or second bus. 

37. Data processing unit according to claim 32, Wherein 
said memories comprise a plurality of memory banks and 
depending on the access type said memory address and 
select unit only selects the memory bank needed for the 
respective access. 




