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����� ����� ��� ��� �
	��
�
����� and Description

0 0 0 0

LDI-Gr oup: Data from memoryposition
�

�����
�
��� ��� is transferredto index register
�����

. Next Operationof STA, STS, INC, ADD and SUB occursrelative to this
index register. Afterwards

�����

is clearedby theseinstructions.The index register
is always loadedfrom the zero-pageif �

	���� (LDI ). The LDIP instructionwith
�

	 �"! usesthepageregister # to calculatetheadressvia !%$'&�(

#*)

�����

)*+

�����
�
���
�-, .

Theunit freezesduringmemoryaccessandneedspower cycle to recover if P is not
initializedbeforeusingtheLDIP instruction. 0x000,0, Function0, .�/ 0

���21�3

0 0 0 1

ADD-Gr oup: Datafrom memoryposition
�

�����

)

�����
�
���
��� isADDedtoaccumulator

and result is storedwithin accumulator(ADD, ��	
�4� ) .

�����

is clearedduring
addingandProgrammerElectronicControlfreezesif �

	5�6! (ADDP) in anattempt
to accessanotinitializedpageregister # . Addresscalculationasin LDI. Thereseems
to benocarry�ag mechanismduringaddition. 0x100,256,Function1, .�/ 7

�

0

1�3

0 0 1 0

SUB-Group: Accumulatoris subtractedfrom data in memory location
�

�����

)

�
�

�
�
���8�
� . Result is kept in the accumulatorregister,

�����

set to zero after the in-
struction.SUBPusestheabove mentionedpagingregister # andtheCPUfreezesin
SUBP ( �

	9�:! ) in encounteringan uninitializted # register. No carry mechanism
discoveredsofar. 0x200,512,Function2, 7�/ ;�;20

1�3

0 0 1 1

STS/STB-Group: Storesthe < register1 to corememory
�

�����

)

�
�-�
�
���
��� .

�����

is
usedfor relative memoryaccessandclearedafter this access.Accumulatorremains
unchanged.The < registeris implementedon thedataboardsSK8 andSK9 andis
usedin SHR,SHL, MUL andDIV commands- seebelow. Bit7 switchesthepaging
mechanism:STB for �

	=�6� without pagingandSTBP if �
	=�>! with paging(ad-

dresscalculatedasin ADD above).Theunit freezeson STBP if # is not initialized!
Waveform-Examplesta0_clr129_sta2:

NRESET   

RESET    

AAD[11:0]

NAD[11:0]

7MEMCK   

7MEMRD   

7MEMWR   

fff f5e fff c7e fff 57e fff f5d fff afd fff ffd fff

0a1 381 a81 0a2 502 002

6000 7200 8400 9600 10800

6408 9392

2984

0x300,768,Function3, .�/

���

.

1�3

1Early duringinvestigationthis wascalled¨ extendedshifterregister¨, thustheassemblerunderstandstheold STS



� ��� � ��� � � � � � 	 �
�
��� � and Description

0 1 0 0

LDA-Gr oup: With � 	 �"� (LDA) theaccumulatorregisteris loadedfrom memory
location

�

�����

)

� � �
�
����� � andthe < registeris unmodi�ed by this instruction.
�����

is clearedby the LDA operationandPECswitchespagingon if � 	 � ! (LDAP).
Adressis calculatedas followd for pagingon: !%$'&�(

#")

�����

) +

�����
�
��� � , . PEC
freezesif � 	 � ! (LDAP) in anattemptto accessanot initializedpageregister # .

0x400,1024,Function4, .�/ 7

�

.

1�3

0 1 0 1

STA-Gr oup: Theaccumulatorregisteris storedin memorylocation
�

�����

)

� ���
�
��� ���

and the accumulatoris not affected by the instruction.
�����

is clearedby the
STA/STAP operationandPECfreezesif a STAP ( � 	�� ! ) is usedand # hasnot
beeninitializedbefore.SignalsduringSTA:

NRESET   

RESET    

AAD[11:0]

NAD[11:0]

7MEMCK   

7MEMRD   

7MEMWR   

f5f fff aff fff f5e fff cfe fff

0a0 500 0a1 301

2400 3600 4800 6000 7200

3524 6499

2975

0x500,1280,Function5, .�/

�
�

;

1�3

0 1 1 0

AND-Gr oup: The accumulatorregister logically ANDes with memory location
�

�����

)

�8�-�
�
���
� � .

�����

is clearedby the AND/ANDP operationand PEC calcu-
latestheaddressfrom !%$'& (

# )

�����

) +

�
�

�
�
���8�
, if pagingis activatedin ANDP

( �
	 � ! ).

0x600,1536,Function6, .�/ 7

� 	 1�3

0 1 1 1

RJAZ-Gr oup: Continueswith next instructionimmediatelyif accumulatoris not
zero.OtherwisetheRJAZ instruction(Relative-Jump-if-Accu-Zero) performsa re-
lative jump like RJMP.

0x700,2047,Function7,
�

/

	�	
�

�

.�/

�

.

� 1�3

aswell asthenew STB.



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 0 0 0

RJMP-Group: � 	 determineswetherthejumpis � ���
�
��� � instructionsforward( � 	 =0)
or backward( � 	 =1). Especially100000000000and100010000000arethesamere-
presentationof a loop lastingforever.

NRESET   

RESET    

AAD[11:0]

NAD[11:0]

7MEMCK   

7MEMRD   

7MEMWR   

f5f fff 7f5 fff f55 fff 775 fff f5f fff 7f5 fff

0a0 80a 0aa 88a 0a0 80a

2400 3600 4800 6000 7200

3496 5261

1765

Specialcarehasto betakenif
�����

is notzero.In thiscasethejumpwidth is calcu-
latedin thefollowing way: +

�

! ,�� � 	��

�

�����

)

�����
�
��� ��� andIDX is clearedby the
jump. 0x800,2048,Function8,

�

/

	 � �21�3

1 0 0 1

RJAN-Gr oup: Continueswith next instructionimmediatelyif accumulatoris positi-
ve, i.e. �

��� � � . OtherwisetheRJAN instruction(Relative-Jump-if-Accu-Negative)
performsa relative jump like RJMP. 0x900,2304,Function9,

�

/

	�	

7

1�3

1 0 1 0

INC-Gr oup: The accumulator register is loaded from memory location
�

�����

)

�8���
�
���
��� (INC, pagingoff for �

	 � � ) or from
�

!%$'& (

# )

�����

) +

�8���
�
���
� ,��

(INCP, pagingactive for �
	 � ! ). Thentheaccumulatorincrementedandtheresult

is storedbackto the sameaddress.
�����

is clearedafter the INC's write operation
andPECfreezesin INCP if thepageregister # hasnotbeeninitializedafterbooting
thePEC.Especiallyremember, thatINC modi�es theaccumulator!

0xa00,2560,Function10, 7�/

�
�

�
1�3

1 0 1 1

IDXCALL-Gr oup: First,thememorylocationof thenext instructionto execute(i.e.
#

�

)

! ) is savedto thememoryadressspeci�edin thelower7 bitsof thecommand:
#

�

)

!��

�

�
�
�
�

�
�

	
�
�
���

��� (In caseof theIDXCALLP thethepagingis usedonly in
this step,i.e. #

�

)

!��

�

!%$'&=(

# )

�
�
�
�

�
�

	
�
�
���

��� . If # is not initialized here,PEC
will freeze!).
Afterwards the new program counter #

�

is loadedfrom the memory location where
�����

pointsto, i.e. theexecutionis continued
with an indirect jump (

�

�����

� �

#

�

,
here no paging is used.). Adresses are
stored/readin two successive words with
MSW ( �'�'�

�

�

.

�'�'�'�'�'�'�'� ) �rst andthanLSW
( �

���
�
�
�

�

� ). In case of the paging variant
IDXCALLP , theMSW of thereturnaddress
contains the current value of the paging
register ( �'�'�

�

�

.
	

	
�
�
�

	

� ). The accumulator
register is not affectedby this operationand

�����

is cleared.This operationcanjump the
the upperhalf of the memorywithout free-
zingtheunit and < and # arenot in�uenced2.

IDXCALL AdrPC IDX

Adr
Adr+1

IDX
IDX+1

.

.

.

Write
current

PC+1

000 pc12 00000000
pc11 ........ pc0

.

.

.

000 Npc12 00000000
Npc11 ....... Npc0

Get
new
PC

.

.

.

NPC

Continue 
Operation

at NPC

0xb00,2816,Function11,
�

/

�
� 	 1�3

2This indeedremarkable,sincethe � is written togetherwith thecurrentaddressbut it is NOT readin readingthe
destinationaddress!
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�
��� � and Description

1 1 0 0

UMUL-Gr oup: This commandmultipliestheaccumulatorwith thevaluereadfrom
�

�����

)

� � �
�
����� � . Using the pagingvariantUMULP (for ��	 � ! ), the addressis
calculatedincludingthe # andthe

�����

registersasusual.Theunit freezesin exe-
cuting an UMULP if # hasnot beeninitialized. This multiplication is executedin
microcodeandincorporates12shift andaddoperations.Thereforethemultiply lasts
for morethan & � &���� . IDX operatesasusual.The result is storedin the <

3 register
(LSW, i.e. ��� �����
�
� � � ) andtheaccumulator(MSW, ���

.

� �
�
� � ��� ).
Caution: Only positive numbers(i.e.with bit 11zero)aremultipliedcorrectly. Thus
UMUL andUMULP essentiallyare11bit * 11bit multiplications.IDX is clearedby
theoperationandthespecialshift registeris clearedbeforethemultiply process.

0xc00,3072,Function12,
�

/ 7

� �21�3

1 1 0 1

UDIV-Group: Iteratively executesadivision.Hereinthe22bitvalueformedby Accu
and < is dividedby thememoryoperandandtheresultis storedin theaccumulator
register:

�

��� �
�
�

�

� ���	�
�

/�/�/

����
��
�

/�/�/



�

�

�
�

/�/�/

�

�

< is invalid after the operation(especiallyit doesNOT give the reminderof the
operation).Theaddressof thememoryoperandis calculatedaccordingto thepaging
mechanism:For UDIV (speci�ed by � 	 � � ) pagingis disabledandtheaddressis
givenby

�����

)

� � �
�
����� . For thepagingUDIVP (for ��	 � ! ) theaddressis given
by !%$'& (

# )

�����

)

�8���
�
���
� . Thepagingvariantfreezesif # hasnotbeeninitialized

sincepoweringup theunit.
0xd00,3382,Function13,

�

/

�

;�.

1�3

3 � is thesameasthespecialshift registerin previousversionsof this documentsincethis registerwasdiscovered
duringinvestigatingshift operations.



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 0

Special-Group: Dependingon � 	 �
�
��� � specialfunctionalityis available:
� 	 �8� �

;

�

0

�
�
��� � andDescription

0 0 0

SHL: Shifts accu left by �

0

�
�
����� bits. Instruction takes +�� )

�

0

�
�
��� � , -MEMEN/AADEN2-Cycles to complete.In eachshift
cycle �rst accumulatoris shiftedleft wheretheMSB is dropped.
Afterwardson theright sideof accumulator�

��� of the < register
(extendedshift register)is insertedfor �

� . Afterwards< is shifted
left aswell wheretheLSB is cleared:�

� � � . Theextendedshift
register < canbeaccessedvia theSTB instruction.

0xe00,3584,Function14-0-0, .�/

�

.

�21�3��5�

/ ;

	 � 1�3����

0 0 1

�

0

�

7

�

.

� � � - MSRTA/MBTA: Regardlessof �

0

�

7

�

.

� �

Moves the < register to the Accumulator4. All 16 possible
opcodesencodethe MBTA instruction. Additionally, if

�����

hasbeensetprior to MBTA then the following actionsoccur:
(1) B:= +

�����	�
�

! ,

(2) Akku:= +

�������
�

! ,

0xe20,3616,Function14-0-32,.�/ 7�7

� 1�3

0 0 1

�

0

�

7

�

.

��� ! - RSIDXTA: R ight Shift IDX to Accumulator
(16 possiblebit patterns):With

�����

setprior to RSIDXTA the
following operationsareexecuted:
(1) B:= +

�����	�
�

! , and
(2) if

�����

odd thenAkku:= +

�������
�

! , otherwiseAkku un-
changed.

0xe21,3617,Function14-0-33,.�/ 7

�
�21�3

0 1 0

�

0

�

7

�

.

�
� � - MPTA - Move # to Accu:Regardlessof �

0

�
�
���
�

thelower byteof theAccu is readbackfrom thepageregister # .
0xe40,3648,Function14-0-64,.�/ 720

�21�3

0 1 0

�

0

�

7

�

.

���
! - MTA: This instructionmakesasecondcoreread

cycle at the next programcounteraddressandreadsthis to the
accumulatorregister. Regardlessof �

0

�

7

�

.

�
� this is done,i.e.

16 possiblebit patternsexist for this instructionand this is the
only two-cycle-instructionof theunit! (Move to Accumulator.)

0xe41,3649,Function14-0-65,.�/

�
�

0

1�3

0 1 1

SHR: Shifts accuright by - �

0

�
�
���
� bits (i.e. �

0

�
�
���
� � !'!'!'!'!

shifts right one bit). Instruction takes +���)�
 +

�

0

�
�
���
� ,

)

! , -
MEMEN/AADEN2-Cyclesto complete.First theextendedshift
register( < ) whichcanbeaccessedby theSTBinstructionis shif-
tedright onepositionwhereit' s �

� bit is lost.Afterwardstheac-
cu is shiftedright andtherein �

��� is replicatedto �

��� . Thebit �

�

whichis shiftedoutof accumulatoris insertedas �

��� into < . Thus
thereexist 11 hiddenbits in theshifterunit's extendedshift regi-
ster < : �

���
�
�
�

�

� .
0xe60,3680,Function14-0-96,.�/

�

.

�21�3��5�

/ ;

	
�

1�3����

4Earlierthis instructionwascalledMSRTA asaacronym for MovetheextendedShift Registerto theAccumulator.
But sincethe extendedshift register is now � , the instructionhasbeenchanged.Old instructionstill supportedfor
compatibility.



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 0

Special-Group: Dependingon � 	 �
�
��� � specialfunctionalityis available:

1 0 0

Does an IOR instruction to address ! � �

0

�
�
���8�

(EMUX=EMUXA=EMUXB=1) where the accumulator is
modi�ed.

0xe80,3712,Function14-1-0, 0 /

� 	2�21�3

1 0 1

MATSR/MATB: Completelyindependentof �

0

�
�
��� � this instruc-
tion Movesthe Accumulatorto < , the extendedshift register5.
All 32possiblecombinationsencodetheMATB instruction!

0xea0,3744,Function14-1-32,.�/ 720�0

1�3

1 1 0

MATP with �

0

�
�
��� � � is asinglewordinstructioncopying thecur-
rent valueof the accumulatorto the pageregister # . After this
operation,the paginginstructionscanbe usedwithout freezing
thePEC.Adressis calculatedin all theseinstructionaccordingto
thefollowing formula,whereas

�����

is clearedin eachinstructi-
onand # is persistent:!%$'& (

# )

�����

) +

�
���
�
��� � , .
0xec0,3776,Function14-1-64,.�/

�

7

�21�3

1 1 0

MTP with �

0

�
�
��� � � is a dual word instructionloadingthe word
following thecommandto thepageregister # . After thisoperati-
on,thepaginginstructionscanbeusedwithout freezingthePEC.
Adressis calculatedin all theseinstructionaccordingto the fol-
lowing formula,whereas

�����

is clearedin eachinstructionand
# is persistent:!%$'& (

# )

�����

)"+

�
�-�
�
���
�-, . No otherregisters

areaffected.
0xec1,3777,Function14-1-65,7�/ ;�7

�21�3

1 1 1

IRQack: Acknowledgeinterruptandwrite interruptmaskregi-
ster: �

0

�
�
���8� hasthefollowing meaning:
Bit Action

�

0

1: EnableIRQ for DPL2.
�

7

1: EnableIRQ for DPL3.
�

.

1: EnableIRQ for DPL1.
��� 1: EnableIRQ for DPL4.
�

� 1: GlobalIRQ enableandackcurrentIRQ.
Doesnotaltertheaccumulatoror theextendedshift register.

0xee0,3808,Function14-1-96,;�/

��� 	 1�3

5HistorcallythiswastheMATSRinstruction:MovestheAccumulatorto extendedShift Register. It is supportedfor
compatibility, but in the future it shouldbe replacedby MATB sincetheregistersarecalled � , � , ����� and � from
now on.



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 1

IOR-Gr oup: Data is readfrom the IO modules.�

0

�
�
��� � is somekind of address
which is appliedto thebusin anintermediatestate:

0 x y 0

Thereadcommands�rst senda headerout via thecorresponding
fastlink:

Output due to reading:

1 Param
LSB

0

Param
MSB

3

Id
0

Id
1

01

After terminatingthisby aclockhighphasePECwaitsupto �

� ���

for a packet being received (12 bits, LSB �rst, also terminated
by clk high for 2 cycles).AfterwardsPEC readsthe contentsof
the fast serial link's input and continuesoperation. �

7

�
�
��� � are
transmittedwithin theheaderasaddressaswell astheplug-index
(see WDPL commands).//Some instructionscode the internal
timerandDPL05registersandPECwill only wait for anincoming
packet, if the inbound clk is at low level during the RDPL
command:
DPL � � Command
01 0 0 RDPL1 �

7

�
�
���
�

+��

� �'�'�
��� 0:ppt� 1:tty,

02 0 1 RDPL2 �

7

�
�
���
�

+��

� !'!'!'!
� timer,

03 1 1 RDPL3 �

7

�
�
���
�

04 1 0 RDPL4 �

7

�
�
���
�

+��

� �'�'� !
�

�

� �'�'�'�
� DPL05,

Waveformseenon theoutboundchannelin RDPL12:

Function15-0-(2-15,32-46,64-79,98-111),0 /

�
���

1�3

�

7

�

/

�����21�3

0 x y 1

Yet unknown command- internallyperformsan IOR cycle to the
addressgivenby theparameter.

Function15-0-(16-31,48-63,80-95,112-127),0 /

�
���

1�3



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 1

IO-Gr oup2: Accessesthe internaltimer moduleandtheseperate24 bit transceiver
modulefor DPL05.Listed seperatelydespitethecommandsbeeingintegral part of
theIOR andIOW module.This is for clarity. DPL05operatesatadatarateof $��������

perbit (3.906kBaud)andthetimerhastic periodof oneper ��� .

0 0 0

RPPT: +

�

0

�
�
����� � �'�'�'�'��, Getsthe next valuefrom papertape
intoaccumulator;Caution:PECiswaitinguntil thewordhasbeen
loaded,even if no papertapeis connected.Resetworks in this
situation.

0xf00,7400,Function15-0-0,variable

0 0 0

RTTY: +

�

0

�
�
��� �5� �'�'�'� ! , Readsa word into accumulator;Cau-
tion: PECis waitinguntil thewordhasbeentransferred.Without
TTY PECis waiting indefnitely, but ResetrecoversPEC.

0xf01,7401,Function15-0-1,variable

0 0 1
MTT A: +

�8���
�
��� � �4� !'!'!'!'!'! , Loadsthe accumulatorwith the
currentvalueof thetimer.

0xf3f, 7477,Function15-0-63,0 / .�;

� 1�3

0 1 0

RDPL5H, RDPL5L: Readsthe currentvaluesof the shift regi-
stersinto theaccumulator. Transmissionhasto be controlledby
interruptroutine:Only theretheseregistersshouldbeaccessed.

0xf4(0,1),750(0,1),Function15-0-(64,65),.�/

� 	
�

1�3

1 0 0

WPPT: +

�

0

�
�
�����
� �'�'�'�'��, Write accumulatorto papertapeand

wait for acknowledgefrom papertape.Prolongedwaiting may
occur, especiallywithoutpapertapeconnected.

0xf80,7600,Function15-1-0,variable

1 0 0

WTTY : +

�

0

�
�
���
� � �'�'�'� ! , Write currentcontentsof the accu-

mulator to TTY. PECis waiting until the word hasbeentrans-
ferredandwithoutTTY connectedto PECwaiting is indefnitely.
Resetcaterminatethisstate.

0xf81,7601,Function15-1-1,variable

1 0 1

MATTC: +

�8���
�
���
� � � !'!'!'!'!'! , Storesthe accumulatorinto the

thetimer's 12 bit comparatorregisterfor theinternaltimerof the
PEC.A counteris countingupwardsuntil it reachesthe value
speci�ed in thecomparatorregister. This counteris incremented
every &���� , leadingto approx.32msmaximuminterval between
interrupts.
On occurenceof an interrupt,theprogramexecutionis interrup-
ted,thecurrentaddressis saved to memory0x00(high bit, page
register)and0x001(low word)andexecutioncontinuesatthead-
dressspeci�edby 0x84,0x85.

0xfbf, 7677,Function15-1-63,7�/

�

.20

1�3

1 1 0

WDPL5H, WDPL5L : Write the accumulatorthe the DPL05's
transmitter registers. High +

�����
�
���
� � �'�'�'�'� ! , and low

+

�8���
�
���
� � �'�'�'�'�'��, word have to be written seperatelyandthe

MSB of MSW is automaticallysetto 1 duringwrite.Unclearhow
transmissionis started(needsmorethanonewrite) andtheLSB
of LSW is sent�rst. This bit is presentduring the clock pause
beforeeachtransmission.

0xfc(0,1),770(0,1),Function15-1-(64,65),0 / 0 ;

�
1�3



Waveformsduringtransmissionon DPL05:Topchannelis theclocksignalwhich is runningall thetime
(exceptresetandDMA state).Lower traceshows thedatasignal.Only duringthe�rst 24 clockcyclesdata

is transmitted:

During thepauseon theclocksignalwhenit is high, thelowestbit of thetransmitteris directlyvisibleon
theoutput.Thuswriting thetransmitregistercontinuouslyleadsto theburstsvisibleon thedataline in the

clockpause.

Still unknown how to determine,whenthetransmissionhascompleted.



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 1

IOW-Group: Data is sent to the outputs(IOW). �

0

�
�
��� � is somekind of address
which is appliedto the bus in an intermediatestate(DPL-numberin �

;

and � � is
visible here,too).Somecombinationsareprohibitedsincethey codefor DPL05and
thetimer:

1 x y

Applying word �

�

7

�
�
��� � asparameterlaunchesan IOW instructionto
address� �

�

�

7

�
�
���8� and writes accuout to a Panavia-Link DPL01 to
DPL04. �

7

�
�
��� � areinsertedasdestinationinto thedatagram,where � ,
� and � determinethe link usedfor outputandthe identi�er used.The
following schemeapplies:

Plug � �

� Identi�er Command
DPL02 0 1 1 00 WDPL2.Id0 �

7

�
�
���8�

+��

� !'!'!'! ,

DPL03 1 1 1 00 WDPL3.Id0 �

7

�
�
��� �

+��

� !'!'!'! ,

DPL02 0 0 1 01 WDPL2.Id1 �

7

�
�
��� �

DPL03 1 0 1 01 WDPL3.Id1 �

7

�
�
��� �

DPL02 0 1 0 10 WDPL2.Id2 �

7

�
�
��� �

DPL03 1 1 0 10 WDPL3.Id2 �

7

�
�
���8�

DPL01 0 0 0 11 WDPL1.Id3 �

7

�
�
��� �

+

�

�'� ! ��,

DPL04 1 0 0 11 WDPL4.Id3 �

7

�
�
��� �

+

�

�'� ! ��,

Monitoring the DPL01-DPL04differentialoutputs(uppertraceshows
clk, lower tracethe INVERTED dataline) onegetsthe following dia-
grams:

Output upon sending:

0 0 0 Accu
LSB

0

Accu
MSB
11

Param
LSB

0

Param
MSB

3

Id
0

Id
1

11

Issuinga secondtransmissionwhile anothertransmissionis running
causestheprogramexecutionto bedelayeduntil transmissionhascom-
pleted.Thesameappliesif thesecondtransmissionis issuedto a diffe-
rentDPL01-DPL04outputor a readoperationis initiated.

0xf80,4095,Function15-1, 0 /

�
���

1�3

�

�

7�/

�����21�3



� ��� � ��� � � � � � 	 �
�
��� � and Description

1 1 1 1
RETFI: Returnfrom Interruptif � 	 � �
�
� � � � �"! .

0xfff, 4095,Function15-1-127,
	

/

�

.

�21�3

Sun-Sparc SS20
512MB, Solaris 2.6

Hardware-Control

SGI-Indigo2
768MB, IRIX 6.5.22

Visualization

HP1661A
102-Channel

Logic-Analyzer

Transputer T805-25
4MB, Helios, 

Homebuilt IO 32bit

BBK-S4
Interface

Device
under Test:

Programmer Electronic
Control

Serial#42

Supplies: 5V (8A), 
+/-12V (1A), Vcore (1A)

sbus

SPARC

20MBit/s
Transputer

Link

Ethernet
10MBit/s

GPIB

24 Open-Collector
Input/Outputs and

seperate RESET

>64 Channels 
watching nearly
all vital lines

Setup for analyzing

Programmer Electronic Control

2005 by Erik Baigar,
Richard-Strauss-Str. 9

87616 Marktoberdorf

5 -> Z2/7404 -> 6

9 -> Z2/7404 -> 8

3 -> Z2/7404 -> 4

11 -> Z2/7404 -> 10

Z27  ->4

Z23  ->9

Z17  ->9

6 -> Z25  ->9

Z23  ->4

Z22  ->4

Z17  ->4

13->Z14->10 

3 -> Z1/7404 -> 4

9 -> Z1/7404 -> 8

5 -> Z2/7404 -> 640 41

20

18

17

55

54

53

43

Z11/7400
1112

13

Z7/7438

Z7/7438

60

32

89

10

6
4

5

OpenCollector

Z7/7438 25

OpenCollector

Z7/7438 45

OpenCollector

42

Z9, &

8

Tornado Computer Unit
Programmer Electronic Control

Control Board, SK7
Analyzed 9.11.2005, EB

Core Memory Timing

In dieser Spalte
sind die Analogen

Chips 55107

To SK1/53
DriverBRD

To SK6/53
DriverBRD

SK1+SK6/17
DriverBRD

SK1+SK6/18
DriverBRD

SK1+SK6/19
DriverBRD

SK1+SK6/54
DriverBRD

59GND SK1+SK6/58
DriverBRD

SK2+SK5/43
DataBRD

SK2+SK5/42
DataBRD

8

10

Z5/7400

Z10/7410
NAND, 3in

SK2+SK5/8
DataBRD

SK2+SK5/10
DataBRD

SK2+SK5/45
DataBRD

48GND SK1+SK6/48
DriverBRD

Not Driver-
or DataBRD

GND

NC?

POD5/7
7XP

POD5/8
7YP1

POD5/9
7ALS

POD5/4
7XN

POD5/5
7YN

POD5/6
7YP

Drive X pos

Drive Y(SK1) pos

Rising Edge:
Latch Adress

for line drivers

Drive X neg

Drive Y neg

Drive Y(SK6) pos

POD5/12
7INH

POD5/2
7MEMRD

POD5/10
7MEMOE

Drive inhibit
current

Falling edge
triggers Memory

activita: 7MEMRD only 
is read, together with 

leads to write

Low: Send Data
register to bus

POD5/13
7NRDS

POD5/15
7NSELAS

POD5/14
7NLADA

Low-Pulse reads
Amplifier-Signals

into data latch

High: Data read
latch is set (before

read operation)

Low pulse reads
data from bus into

data latch (for 
write operation)

Z7/7438 24 POD5/3
7MEMCK

Memory-Clock out
rising edge tells

that data is vaild 
in read cycle

POD5/0
7NC

No connection 
and activity

found

65

POD5/1
7MEMWR

Together with 7MEMRD
triggers write cycle

with falling edge

Z16,&

1

2

4 -> Z21 -> 6,9:NC

Z22  ->6+9

44

POD5/11
7NRESET

Low during
normal 

operation
unknown

who drives
this!

Z5

Z5

Z9

5 4

11

6

9

8

Z9
5

4

Lots of chips:
Z16/4, Z12/4, Z11/4
Z10/1, Z5/13, Z1/13

Z1

Z1

6

13

12
11

10

Z9

Z9

Z9Z16

12

4

564

PATCH185
DPL07-18

PATCH134
DPL07-31

PATCH203
DPL07-27

PATCH139
DPL07-28



S
K

2 
+

 S
K

5

from SK7

SK1 + SK6

SK1 + SK6

SK3 + SK4



10DataAdr
12Bit

Addierer
12Bit, 74157
Z13,Z19,Z31

Memory
12Bit, 2*74174

Z3,Z9

Memory
12Bit, 2*74174

Z33,Z35

MUX
12 Bit, 2*74157

AND-Gate
3*7408

OC-NAND-Driver
3*7438

OC-NAND-Driver
3*7438

OC-NAND-Driver
3*7438

59,24,58,
23,57,22,
56,21,55,
20,54,19

69,33,68,
32,67,31,
66,30,65,
29,64,28

10AUX-Out
12Bit

46,9,45,
8,44,7,

43,10,42,
11,41,12

10AUX-In
12Bit

OC-NAND-Driver
3*7438

10CYin1410TrEn 49

10MUXSEL
48

10ADEN1

10AOEN1

63

27

10ADEN2

10AOEN2

62

26

AND, 0-7
7430/2

Are Bit0-7
High?

51

10LBHI

Tornado Computer Unit
Programmer Electronic Control

Control Register, SK10
Analyzed 29.3.2005, EB
Adress-Generation (PC)

Globaler Daten- und
Adressbus, u.a. zu

den Datenboards des
CoreMemory: SK2, SK5

AUX-Bus von den
beiden Daten-

Registern (X,Y)
SK8 und SK9

AUX-Bus zu den
beiden Daten-

Registern (X,Y)
SK8, SK9

10AD0		  SK10/59  P1/0  Patch-75   DPL07-5
10AD1  SK10/24  P1/1  Patch-100  DPL07-6

10AD2		  SK10/58  P1/2  Patch-76   DPL07-7
10AD3	  SK10/23  P1/3  Patch-73   DPL07-8
10AD4	  SK10/57  P1/4  Patch-95   DPL07-9
10AD5	  SK10/22  P1/5  Patch-72  DPL07-10

10AD6 	 SK10/56  P1/6  Patch-77  DPL07-11
10AD7 	 SK10/21  P1/7  Patch-74  DPL07-12
10AD8	  SK10/55  P1/8  Patch-94  DPL07-13
10AD9	  SK10/20  P1/9  Patch-71  DPL07-14

10AD10	  SK10/54  P1/10 Patch-93  DPL07-15 
10AD11	  SK10/19  P1/11 Patch-70  DPL07-16 

14AD12    SK1/14  ----- Patch162  DPL07-17  

10ADEN1  	SK10/63  P1/12                   
10ADEN2  SK10/62  P1/13                   

10AOEN1	  SK10/27  P1/14  Patch-62 DPL07-51
10AOEN2	  SK10/26  P1/15  Patch-63 DPL07-52

10TrEn	  SK10/49   P2/0
10MUXSEL	SK10/48   P2/1
10CYin	  SK10/14   P2/2
10LBHI 	 SK10/51   P2/3
10IDXT  SK10/13   P2/4
10MEMEN SK10/53   P2/5
10PCT   SK10/18   P2/6
10A12   SK10/ 2   P2/7
10R2    SK10/37   P2/8
10R3    SK10/ 1   P2/9
RESET   SK12/ 4  P2/10
10FF2I  SK10/34  P2/11
10FF3I  SK10/70  P2/12

10FF1I1	 SK10/17  P2/13
10FF1I2 SK10/16  P2/14
10FF1I3 SK10/52  P2/15

12

12

[0-7]

12

12

1212

12 12

12

12

NAND,Z27,
7400/2

NAND,Z27,
7400/2 T

T

18

13

53
10MEMEN

10PCT

10IDXT

Z29,
unknown

1

37

2

10R3

10A12

10R2

R R

Reset

7474/2,Z21A
FlipFlop

7474/2, Z21B
FlipFlop

7474/2, Z15B
FlipFlop

OC-NAND-Driver
7438

2 37 1

Siehe oben
links

R R R

34
10FF2I

D

10ADEN2 62

70

10FF3I

D

7400/2
NAND, Z27

7400/2
NAND, Z27

D

171652

10FF1I110FF1I210FF1I3

10MUXSEL

10CYin

10MUXSEL

5410/2, Z25
3-Fach-NAND

5410/2, Z25
3-Fach-NAND

10PCT

10MEMEN

TTakt
alle 
drei 

FlipFlops
parallel

Minor change, 27.5.06



Tornado Computer Unit,
Programmer Electronic Control,

SK13, Rx-Tx-Interface
Analyzed by Erik Baigar

22.2.2005

DPL01

DPL02

DPL03

DPL04

55183
Output-Driver
100Ohm, 2mal

55183
Output-Driver
100Ohm, 2mal

55183
Output-Driver
100Ohm, 2mal

18

Clk, 
approx 2MHz,

50:50

53

Strobe,
every 16ms

55183
Output-Driver
100Ohm, 2mal

33

34

68

69

55182
100R-Receiver	
2 diff. lines

55182
100R-Receiver	
2 diff. lines

55182
100R-Receiver	
2 diff. lines

55182
100R-Receiver	
2 diff. lines

74153 MUX
4-to-1
Teil1

55182
100R-Receiver	
2 diff. lines

55182
100R-Receiver	
2 diff. lines

55183
Output-Driver
100Ohm, 2mal

55183
Output-Driver
100Ohm, 2mal

13ST

13CLK
13IRQ1

13IRQ2

13IRQ3

13IRQ4

74153 MUX
4-to-1
Teil2

19

20

13IN1

13IN2

MUX 1-to-4
54155
Part1

MUX 1-to-4
54155
Part1

13EN
16

Freigabe
MUXer

51 13O1

13O252

17 5013A 13B
Select-Lines A
and B for all

MUXes connected

13EN
13IN1
13IN2

13IRQ1
13IRQ2
13IRQ3
13IRQ4

13A
13B

SK13/19
SK13/20
SK13/16

P5/0
P5/1
P5/2

P5/3
P5/4
P5/5
P5/6

SK13/17
SK13/50

P5/7
P5/8

13CLK
13ST
13O1
13O2

SK13/18
SK13/53
SK13/51
SK13/52

P5/9
P5/10
P5/11
P5/12

SK13/34
SK13/33
SK13/68
SK13/69

13A   SK13/17  POD6/13
13B   SK13/50  POD6/12
13EN  SK13/16  POD6/14
13CLK SK13/18  POD6/15

Geplante Verkabelung,
NICHT UMGESETZT

AKTUELLE VERKABELUNG

1. Update 27.5.2006
2. Update 11.4.2009

A B

C

R

P

U

L F

K G

M E

D

S T

N

HJ

a

Z V

X
Y W

b

c

A: CLK Out + 
B: CLK Out - 

C: Data Out +
D: Data Out -

E: Data In + 
F: Data In - 

G: CLK In +  
H: CLK In -  

DPL01 - DPL04

V: IRQ out +
W: IRQ out -

T: IRQ in + 
U: IRQ in - 

Output upon sending:

Output due to reading:

0 0 0 Accu
LSB

0

Accu
MSB
11

Param
LSB

0

Param
MSB

3

Id
0

Id
1

1
Fix

1 Param
LSB

0

Param
MSB

3

Id
0

Id
1

0
Fix

1

1

DANGER: Upon reading, PEC sends the header
but only if the incoming CLK is low. After
transmission of the header PEC expects an

incoming transmission of 12 bits terminated by
clk-high phase of 2 cycles before it continues.

But maximum waiting time is around 30us!



Counter
12Bit, 7493/1*3

Z40,Z37,Z48

Comparator <,>,=
12Bit, 7485/1*3

Z54, Z55,Z56

Buffer
12Bit, 74174*2

Z46,Z47

DPL1-4
Sender 16Bit + 4 Bit

16Bit, 74165*2
Z38,Z39

DPL5 (Slow Link)
Empfaenger/Sender

24Bit, 7495*6
Z28-Z32,Z20MUX 4-fach

12Bit, 6*54153
Z21-Z24,Z15,Z16

DPL1-4 Empfaenger
16Bit, 74164*2

Z11,Z19

Mux0

Mux1

Mux2,
Mux3 

20

Data-In

13

23

28 Data-Out

Data-In

S/L

T

Internal buffered 12-Bit-IO-Bus

INV
Z4

T

22

Output-Drivers
12Bit, 7438/1*3

Z13,Z14,Z8

Input-Buffer
12Bit, 7400/2*3

Z5-Z7

IO-Bus:
D0-61 D6-62
D1-60 D7-63
D2-59 D8-55
D3-58 D9-54

D4-57 D10-53
D5-56 D11-52

A B

NAND
Z26

NAND
Z26

11

5

6

1,14
35,50

INV
Z8

CD401068, Z2

TR

Data-In
??

Tornado Computer Unit,
Programmer Electronic Control,

SK14, Serial Parallel Converter
Analyzed by Erik Baigar

21.4.2005

14IOR

14IOW

14DIN1

14DIN0

14T0

14SL0

14DOUT0

14TR2

14TIME

14MUXA 14MUXB

14MUX

AD0-12

14IOW
14IOR

14DIN1
14MUXA
14MUXB
14MUX

14DIN0
14T0

14SL0
14DOUT0

14TR2
14TIME

SK14/6
SK14/5

SK14/20
SK14/11
SK14/10
SK14/12
SK14/13
SK14/18
SK14/23
SK14/28
SK14/1

SK14/22

POD6/0
POD6/1
POD6/2
POD6/3
POD6/4
POD6/5
POD6/6
POD6/7
POD6/8
POD6/9

POD6/10
POD6/11

12

10

181. Update 27.5.2006
2. Update 10.4.2009

1,2

A<B

Z45
04/2

Z63, 7432,
3-NAND

9 14TIRQ

Z17, 5432
T

19 14CLKIN






