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Manuals can be updated in two ways, new versions and revisions. New versions
consist of a complete new manual which replaces the old manual. New versions
incorporate all revisions since the previous version. Revisions consist of one or
more single pages to be merged into the manual by the user, each revised page
being listed on the new printing record sent out with the revision. The old
printing record should be replaced by the new one.

New versions and revisions are announced in the ND Bulletin and can be ordered
as described below;

The reader’s comments form at the back of this manual can be used both to
report errors in the manual and to give an evaluation of the manual. Both
detailed and general comments are welcome.

These forms, together with all types of inquiry and requests for documentation
should be sent to the local ND office or (in Non/way) to:

Documentation Department
Norsk Data A.S
P.O. Box 4, Lindeberg gard
Oslo ‘iO
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TO THE READER

The NORD—IOO Microprogramming Description manual describes how to micro-
program the NORD-TOO in order to take full advantage of the writable control store
feature. This manual should be of interest to all technical personnel writing their
own microprogram. It will also be useful for those who want a more detailed
understanding of the microprogrammed structure of the NORD-IOO CPU.

PREREOU/S/TE KNOWLEDGE

A general knowledge of the NORD-iOO computer system, together with some
basic understanding of the NORD-IOO CPU and some experience in digital
techniques is recommended.

THE MANUAL

Chapter 1 is a short introduction to the writable control store option, while Chapter
2 gives an introduction to the CPU architecture. The microprcgram word format is
described in Chapter 3 and how to write the microprogram is found in Chapter 4.
Chapter 5 shows the usage of the writable control store.

In the appendixes are some data sheets for the main building blocks in the CPU,

together with the microprogram flow charts. The data sheets are taken from

”AMZQOO Bipolar Microprocessor Family” issued by Advanced Micro Devices, Inc.

More information about the circuits will be found in this publication. Data sheets

for the microprogram sequencer are found in ”The TTL Data Book" issued by

Texas Instruments.
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INTRODUCTION

The NORD-lOO CPU with the Writable Control Store option, has its basic
microprogram contained in the lower 2K of the microprogram addressing area
(addresses 0 - 3777). The Writable Control Store lWCS) contains the addresses
4000-4377.

in order to write micro code for the WCS, the following steps must be undertaken:

1. Specification of the new machine instruction that will be inplemented by the
new microprogram.

2. Design and coding of the necessary microinstructions to perform the
machine instructions.

3. Assembly of the symbolic microprogram into binary format with the
NORD~lOO WCS assembler.

4. Place the binary representation of the WCS contents in main memory and
load it into WCS with the load writable control store machine instruction.

5. Use the Customer Specified lnstructions to execute the microprogram now
residing in the WCS.

ND-06.0l8.0i



CPU ARCHITECTURE lNTRODUCTlON

The CPU consists of elements built around the Internal Data Bus, IDB. IDS is
shown hatched in Figure 2.1. A few comments to each of the elements in Figure
2.1 follows.

ND~06.018.01
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ALU performs all arithmetic and logic functions. Two 4 bit operand pointers, the A
and B operands, select sources for operations to be performed. Nine ALU
function bits select operations within the ALU. The data input and output
ports are directly connected to 108.

SHIFT LINKAGE controls the shift mode as well as the length of the shift
operands.

STS 0 ~ 7 contains the lower byte of the STS register.

FLOATING ARITHMETIC CONTROL performs the necessary functions to speed
multiply and divide operations.

GPR is a General Purpose Register used by the microprogram for various
purposes. It will always be shifted the same way as an ALU register if shift is
specified in the ALU control. GPR is especially valuable during multiply and
divide operations. in multiply operations it holds one of the operands and in
divide operands it gets the result shifted in from the right.

MMR is the communicating register against the memory management module.

BUS CONTROL controls the access to the system bus, which links the CPU and
peripheral interfaces, memory modules. etc.

PES‘and PEA keeps information about system bus abnormalities.

WDA and DER keeps data going between lDB and the system bus.

pPROGRAM CONTROL STORE holds the microprogram controlling the CPU.

pPROGRAM SEQUENCER generates the address of the next microinstruction to
be executed. This sequencer can get the address from the microprogram
(jump), from the current address +1 (continue) or from an internal stack,
which is 4 deep, and can be pushed or popped.

SEQUENCE]? CONTROL and CONDITION SELECT controls conditional branching
in the microprogram sequence. A code indicating a test object is outputted
to these circuits from the microprogram, together with a code indicating
what to do if a later test gives a false result. When a test is enabled at a later
state, the result of the former ALU operation is tested and may result in
conditional branching.

VECTOR SELECT controls the source of the 4 lower address bits in a vectorized
jump sequencing microinstruction. The 8 uppermost address bits are
specified in the microinstruction (in the microinstruction the 4 lower bits
must be 0). In this manner, a 16 way branch is effectively implemented.

MAPcontains the entry points of all machine instructions. it is used to generate
entry point addresses whenever a machine instruction is to be executed.

PIC contains the intermpt system from level 10 and upwards.

MPIDS can set interrupt bits in the PIC.

IR contains the 10 least significant bits of a machine instruction.

STS 8- 75 contains the upper byte in the STS register.

NDOBDlBDl



2—4

LOOP COUNTER is a 6 bit register with the upper bit as sign bit. it has an auto inc—
rement/decrement facility which makes it count towards zero when coun-
ting. Zero inhibits further counting. The loop counter is used to repeat one
(or a few) microinstructions a predetermined number of times, or to count,
for example, the number of shifts needed to normalize a floating number.

BMG (Bit Mask Generator) generates a 1 bit among zeros. The position of the 1 bit
is controlled by the A operand.

REG. FILE contains the register blocks of the interrupt levels not presently active.
It also contains scratch regsiters for MOF’C and for the interrupt system. lt is
addressed using the A oprerand to indicate the level, and the B operand to
indicate the register number within that level.

ND-06.0i8.0i



MICROPROGRAM WORD FORMAT

Each microprogram word is 64 bits wide. The width is divided into fields control-
ling different functions within the CPU. These fields and their functions are
described in this chapter. The description frequently refers to Figure 3.1 which is a
drawing of a microprogram word.

NORD -1.00 MICRO lNSTRUCTlON CODE
ALU ALU EXTERNAL INTER SEQUENCING 811151120131011 couTrzoL / SELECT DATA BUS 50$)?“ cmmzoL 01:152- Dagiaygfn
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0033000110 0000303300100 32:11:32: :1: 33002000000222: 03222323333023:
1115 1114 1113 1112 1111 1110 [ 1109 ] 1103 M07 1100 H05 H04 1103 [1102 [1101 {1100

Am: ALL: 100: 100 rs 1151111100115 7 a OEST 1: q s a 7.1 0 501.125 ET? 3 5111' ‘ AREUMENT
000F301 F 00 asTsw-n “ 00000 ALL) 00 JUN? 15146111110957651131100 0 1 11011101: F 0 1 mm snow 0 0 0 0 1 0110 0 1 RETURN RA 1 01211111011 ADUEESS
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1 1 0:120:00; 0 0 21111223») 0 o 1 0 1 RES 0 0 HOLD SAME ‘--r—‘

- 0 11m ~15 00110375 O1POP __ _____ .~____,1 1 01553? L 0 1 0 11114043) 0 01 1 1 11112 10 1.0110 I “”5 4 12001115 FAL.:E
ALuz F0110. 1 0 0 112134) u. 01 0 0 0 BABE 1 1 PUSH
513 r- 1011213-5)‘ 9' 01001 501A?
0 0 o 215 1 1 0 Law-3) 0 1 0 1 0 PEA 111s EFFECTIVE aEANcu
0 01 5-! 0 011101111623“ 01011 P55 2132510 4002.0113511‘10-11) 805 1110 s I 7 s s 1 3110
0101 2-5 01 1 M, RFB)‘ 01 10 0 AARS H 11 11 x x PRDM10-11) mum's
0 1 1 IV: 1 1 1 LC . RFU' 0 1 1 01 Pics 11 11 L o 0 FROM (4-11)111!(0-3) "nag",,,,,, IND-37
1 0 0 3/13 1- 3113-0 0 1 1 1 0 1012 H H L 0 1 ~ - . [310-101 --'-}AFR06R:- 01121513
1 0 1 2/15 r41: ONLY 01 1 1 1 NONE H H L 1 0 - - oALD(0—3)_-__420H““__" ALD(0~1)
1 1 01 us ’15!“ “I H 1.1 L1 1 . 1. ”Qua-3) EA (013)
1 1 1 ram-313 ‘ L 11 11 x x 1111mm! FROM NAP-1’EOH

as? ALu 0 0 ”am-3) 1. 11 11 x x .vs:T 1r 1111120 0 1 1 1 1 1 iii‘xtvec‘r
ALuz 5001105 0 1 112(0~2)' L 11 L x 11 LL SAL L
2 1 0 a: s: 1 0 12({3-51)” x 1. x x x .TAiT L0A0 100811n
0 0 0 A 0 1 1 1.0 0-3 0011111010 01111111n 12A 1 ,
001 A5 43210 3210 REG. LEV. PIClNSTR.
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01 1 1 0 CLFF 1 0 51.0111 1 1 1 0 12(6) 14 1.0110 HPiE
‘I 01 111 L014 11 WAIT 11 11 2m 5 5111111120

i 1 o 0 0 0 1.0112110911—1
1 1 0 0 0 1 L012 112110 112mm
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Bits 55 - 63, together with bits 44 - 45, controls the behaviour of the ALU. The
ALU is built of the bit slice component 2901, and the functional description of 2901
is included as Appendix 8.

The effects of bits 55 — 63 are explained in Appendix B, with some additional
information in the following pages.

Bits 44 and 45 modifies bits 55 - 63 before they reach the ALU.

ALUMO = 0 (bit 44)
ALU M1 = 0 (bit 45): Micro Controlled Mode

The ALU behaviour is controlled entirely from the microprogram.

ALUMO = 1 (bit 44)
ALUMl = 0 (bit 45): Multiply Mode

The ALU behaviour is controlled from the microprogram, except that GPR
bit 0 controls the addition of the A operand register or 0. This is only used in
multiplication instructions.

ALUMO = 0 (bit 44)
ALUMl == 1 (bit 45): Divide Mode

The ALU behaviour is controlled from the microprogram except that GPR bit
0 controls whether or not the A operand register should be added or subtrac-
ted. This is only used in divide instructions.

ALUMO = 1 (bit 44)
ALUMl = 1 (bit 45): Shift lnstruction (machine instruction is shift)

The shift direction and shift mode is controlled from the loop counter and
the bits 9 t 10 of the machine instruction. The extra microinstruction
executed after the loop counter reaches 0 will not shift the ALU result.

Bits 53 - 54 controls the behaviour of the 8 lower bits of the STS register.

00 will not affect the STS register

01 will update the C, O and Q flip-flops to the result of the current ALU
instruction

10 will update the M flip—flop to the disappearing bit in a shift micro-
instruction. If there is ALUM lRSHlFT, M will be updated regardless of
the setting of bits 53 - 54.

11 will load the 8 lower bits of the STS register from (DB

ND~06.018.01



Bits 50 - 52 controls the source of the A operand to the ALU.

000 The A operand is bits: 12 - 15 of the microinstruction.

010 The A operand is the PlL register (used to address the current level
register block in the register file).

100 The A operand is bits 3 ~ 6 of the current machine instruction. Used in
bit operation instructions and in instructions specifying a level in the
register file.

101 The A operand is bits 3 - 5 of the current machine instruction. This is
used to address the source register in machine instructions.

110 The A operand is bits 0 - 3 of the loop counter.

Bits48- 49 controls the source of the B operand to the CPU.

00 The B operand is bits; 16 - 19 of the microinstruction.

01 The B operand is bits 0 ~ 2 of the current machine instruction. Used to
address the destination register in machine instructions.

10 The B operand is bits 3 - 5 of the current machine instruction. Used to
address the source register in machine instructions.

11 The B operand is bits 0 - 3 of the loop counter. This is used to read the
loop counter by using BARG as [DB source.

Bits46 - 47 control the carry in line to the ALU.

00 Carry is 0
01 Carry is l
10 Carry is the C flip-flop of the STS register
11 Carry is the GPR bit 0 (used in division)

Bits 42 - 43’ control the shift type in shift microinstructions, if the machine
instruction is not a shift instruction. They indicate which page table to use
together with memory requests.

00 Arithmetic shift/ Fetch memory request
01 Rotational shift/Request through PT
10 Zero-end-input shift/Request through APT
ll Link-end-input shift/ Request through the page table last specified

NDQ6.018.01
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Bits 37 - 47 control which source should control the content of lDB (refer to Figure
2.1).

0

1

10

11

12

13

14

15

16

17

ALU

BMG

GPR

GPR

DBR

ARG

REG

STS

MMR

BARG

SWAP

PEA

PES

AARG

PlCS

lOFi

NONE

enables: its result onto 108

a 1 bit among zeros is enabled onto lDB. The
position of the 1 bit is controlled by the A operand.

the general purpose register is enabled onto lDB.

with bits 8 - 15 equal to bit 7 is enabled onto lDB.
This makes sign extension easy during address
calculations and argument instructions, etc.

the system bus data read register is enabled onto
lDB. This must be used with the WAlT for data
ready timing specification.

The 16 lower bits of the microinstruction is enabled
onto ”38. This makes it easy to generate 16 bit
arguments within the microprogram.

The register file address selected by the A and B
operands is enabled onto lDB.

The 16 bit STS register is enabled onto lDB.

The memory managment read register is enabled
ontolDB.

The B operand is regarded as an argument and
enabled onto lDB. In this way arguments between 0
~ 17 may be generated.

A byte swap circuit is enabled onto lDB. The two
bytes present on lDB during the last cycle have
exchanged positions.

The inverse of the PEA register is enabled onto 108.

The inverse of the PES register is enabled onto 108.

The A operand is regarded as an argument shifted 3
bits left, and enabled onto lDB. in this way
arguments between 0 g 170 with 0 in the 3 lower bits
may be generated.

The internal status of the PIC is enabled onto lDB.
The RSTS command must be issued to the PIC
simultaneously.

The register containing UART data and status is
enabled onto lDB.

lDB is disabled Read commands to the PlC may
cause PlC to enable internal PlC registers onto lDB.

. ND‘06.018.01



Bits 32 — 36 specifies a command to be performed by the microinstructions. The
commands are:

0 NONE

1 LDPIL

2 LDGPR

3 EWRF

4 CLiRQ

5 RSDA

6 TBSTR

7 SlOC

10 ESRP

No command executed.

The upper byte of the STS register is loaded with the
upper byte of 108. The new PlL will not be available
as A operand before in the microinstruction following
the next microinstruction.

108 is loaded into GPR. if a shift is specified in the
same microinstruction, GPR will not be shifted, only
loaded.

lDB is written into the register file word specified by
the A and B operands.

lnhibits the ability of interrupts to modify the
microinstruction sequence at the time of a mapped
jump. Used to avoid interrupts when the MAPJ bit is
used at other times than FETCH. CLlRQ will also
block PANEL interrupts from being included in the
lRQ condition.

Reset the data available signal from the UART on the
CPU board.

Transmit Buffer Strobe. Transfers the lower (DB byte
to the UART output part.

Set l/O control. Transfers 108 to control several
functions. The bits of (DB have these functions.

Bit 0: PW (prepare interrupt) signal for clock.
Bit 1: PW signal for terminal input.
Bit 2: PW signal for terminal output.
Bit 3: R FT (ready for transfer) signal for clock.
Bit 4: Green LED on CPU (OK).
Bit 5: Red LED on CPU (ERROR). Gives master clear
on system bus.
Bit 6: When = 1, inhibits MOPC input when in con-
tinue.
Bit 7: Resets the counters giving 50 Hz clock
frequency. Used by lOX 11.
Bit 10: Not used.
Bit 1 1-12:

0 O 5 bits UART character length
0 1 6 bits UART character length
1 O 7 bits UART character length
1 1 8 bits UART character length

Bit 13: When 0 —- 1 stop bit; When 1 - 2 (1.5 at 5
bits) stop bits.
Bit 14: An extra bit is added to give even parity.

The latest (DB value outputted by a SlOC command
will always be saved in a word named STATUS in
the register file.

A special flip-flop, the R = P flip—flop, is set to 1 if the
ALU result is 0. Used to detect that the next location
(where prefetch has already been performed) has
been written into (STA * + 1).

ND-06.018.01



11

12

13

14

15

16

17

20

21

30

EPlC

SMPlD

START

STOP

CLRTl

CLFF

LD LC

LDlRNO

LDlR

EXRQ orlRDRQ

3--—6

indicates that A operand should be a command to
the PlC. The specifications of the PlC are included in
Appendix C. if the PIC command is a read
command, other than read status, the PlC will enable
the register onto lDB regardless of the microprogram
bits 37 ~ 41 .

sets bits in the micro PlD register in the PlC. Bits can
only be set to 1 by this command. (The PlC com-
mand MCLPlD can reset bits to 0.)

resets the STOP flip-flop. The CPU will start execut-
ing a main memory program.

sets the STOP flip-flop. Whenever a FETCH has
been performed, the microprogram is forced to
microaddress 3760 or 3770 by the interrupt hardware.
The stop routine is executed.

resets the clock flip-flop. Every 20 ms the micropro-
gram is forced to microaddress 3761 or 3771, thereby
entering the clock routine. This routine sends out the
CLRTi command.

clears flip-flops having special functions regarding
the floating point rounding indicator (T6). The DZD
(double zero detect used in FDV) and the COD (one
out detect used in FAD, F88 and FMU) flip-flops are
cleared by CLFF.

loads the loop counter with the 6 lower bits of 108.
The modified loop counter will not be available as A
operand before in the microinstruction following the
next microinstruction.

select register on memory management module to be
accessed later. lDB is transferred to the selector on
MMM.

(or XMM in symbolic language) will transfer lDB to
the MMM register selected by a previous LDIRNO
command. (To read a selected MMM register, only
the lDB source designation MMR should be used.)

differ according to the contents of bits 42 - 43:

00 EXRQ, examine memory request. The physicai
address must be on lDB. The segment number must
already be loaded into the MMM segment register.

01 IRDRQ, PT, indirect address read request with
mapping through the normal page table.

10 lRDRQ, APT, indirect address read request with
mapping through the alternative page table.

11 lRDRQ, HOLD, indirect address read request
with mapping through the last used page table.

NDs06.018.01



31

34

35

36

37

DERQ deposit memory request. The physical address must
be on 108, in the segment already loaded into the
MMM segment register.

RDRQ mapped read request has four variants, depending
on bits 42 - 43:

00 Fetch request
01 Read request mapped through the normal page

table.
10 Read request mapped through the alternative

page table.
11 Read request mapped through the last used

page table.

WRRQ mapped write request has 3 variants, depending on
bits 42-43:

01 Write request mapped through the normal page
table

10 Write request mapped through the alternative
page table

11 Write request mapped through the last used
page table

lDENT lDENT bus request. As with write requests, the write
data must be enabled onto lDB in the next microin—
struction, accompanied by a WAlT cycle. The fol—
lowing instruction must also be a WAlT cycle, with
DBR as source to lDB.

lOX iOX bus request. Data out and in with be present
during the next 2 microinstrutions. The timing, as
seen from the microprogram, will be identical with
lDENT.

Bits 28 - 37 control the microprogram sequencer. The sequencer is documented in
Appendix D. Bits 30 - 31 control the next instruction selection and bits 28 ~
29 control the internal stack. These bits will only be in control as long as bits
22 — 23 are high.

Bit 27 is active low, and will load ”R from lDB in the next instruction. It will clear
the R = P flip-flop. lt sets the false sequence control to JUMP and PCP, and
the text object to DR = 2 (used by ROP and BOP instructions to enabled
test. of the P register as destination). If the next microinstruction is a JMP,
the address will be taken from the mapping PROM, or be generated by the
interrupt hardware if CLIRQ command has not been given.

Bit 26 is active low, and will start the loading of the WCS from main memory. The
next microinstruction must be a jump to microaddress 7400. Thereafter, the
CPU hardware goes into a special state and moves the memory addresses
36000 — 37777 into WCS. The microprogram continues from microaddresses
0 when the loading of WCS is finished.
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Bit 25 is active low and specifies vectorized jump. The 8 upper bits of the jump
microaddress are normally taken from micro word bits 4 - ll. The lower 4
bits can be selected from 4 sources, controlled by bits 42 — 43.

00 lR O — 3 controls the vector, used in TRA and TRR.
01 lR 8 — 10 controls the vector, used for address calculation in memory

reference instructions.
10 ALD O - 3, the ALU setting controls the vector.
ll The A operand bits control the vector.

Bit 24 is active low and sets condition to be tested on a later occasion. A 4 bit code
indicating test condition and a 4 bit code indicating the sequence
instructions in case of a false test, are outputted to a hold register.

Bit 23 is active low and enables testing (against the previously set test condition) of
the result of the micro instruction before the micro instruction containing
this test. lf the test is true, the sequencer executes the bits 28 ~ 31 to find the
next microinstruction. if the test is false, the sequencer executes the false
sequence instruction previously outputted to the hold register by bit 24.

Bit 22 is active low and increments or decrements the loop counter (always
towards 0). If the selected condition is false, RETURN, HOLD is executed by
the sequencer. if it is true, bits 28 - 31 are executed. The new value of the
loop counter will not be available as A operand or teSt object before in the
microinstruction following the next microinstruction.

Bits 20 - 27 controls the duration of each microinstruction. it also controls the
synchronization between the CPU and the syStem bus control.

00 specifies fast instruction, approx. 150 ns
01 specifies intermediate instruction, aprox. 170 ns
10 specifies slow instruction, approx. l90 ns
11 specifies wait for bus control synchronization

After a read memory request, one WAlT cycle must occur to finish the bus
request. if the result is needed in the CPU, WAlT must be accompanied by DBR as
lDB source.

After a write memory request, the data to write must be enabled onto lDB in the
next microinstruction, accompanied with a WAIT cycle. Thereafter, another WAIT
cycle must be encountered before a new request is sent out.

As long as the above rules are obeyed, WAlT cycles may be used freely, with no
effect.

ln NORD—iOO all microinstructions are either ”slow" or ”wait".

ln NORD-lOO, with fast option, most microinstructions are ”fast", while the same
are "wait” as in the ordinary NORD-iOO. A few microinstructions have to be
”slow” because of component timing characteristics. This applies to:

1. All microinstructions handling the UART (SlOC, RSDA, TBSTR).

2. Microin’structions where the lDB source is used by the ALU as one of the
operands in a arithmetic operation, and the result will be tested by the F=0
condition in the next microinstruction.

3. All microinstructions that involve data exchange with the memory manage
ment module lmicroinstructions containing lDBS, MMR or COMM, LDlR or
COMM, XMM).
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Bits 76 - 79 control the B operand as long as bits 48 - 49 are zero.

Bits 72 - 75 control the A operand as long as bits 50 - 52 are zero. The A operand
controls BMG and acts as instruction to the PlC (see Appendix C).

Bits 0 - 77 contains the jump address in jump microinstructions. The jump
addresses may also be generated by the mapping PROM or the interrupt
hardware, and partly by the vectoized jump mechanism. When these
sources generate lump addresses, the corresponding microword bits must be
0. ,

Bits 0 - 3 selects the false sequence to be outputted by bit 24 to the hold
mechanism. it specifies the sequencer instruction in case a later test (bit 23) gives
a false result.

Bits 4 - 7 selects the test object to be outputted by bit 24 to the hold mechanism. If
a test object changes state, one microinstruction will be executed before the
change is detected. The cause of this is the pipelining of ALU and
sequencing calculations.

The 16 test objects are:

0 DR = 2 destination register is P. Used to discard prefetch if P
is destination in ROP and BOP.

1 LCZ loop counter is 0. Used to go through a loop a
predetermined number of times.

2 lFiQ used to test the interrupt request flip-flop, to see if
interrupts are pending. if the test is preceded by the
CLIRQ command, only interrupts from AM 2914 are
tested and not panel interrupts such as STOP, RTC,
etc.

3 RESTR used to test if the current program is running in
restricted mode. instructions that are privileged
should not execute when this condition is true.
Privileged WCS instructions must test this condition,
other privileged instructions are mapped different
whether RESTR is on or off.

4 FETCH _ indicates whether the last memory access was a
fetch of new instruction. Used to generate correct P
in case of page fault.

5 00D the one out detect flip-flop is used to set TG
correctly in FAD, F38 and FMU instructions.

6 D20 the double zero detect flip-flop is used to set TG cor—
rectly in FDV instructions.

7 COND This condition will latch the true/false result of the
last microinstruction so that it can be tested later if

4 ‘ that is more convenient than testing it now. it will
‘ postpone the test as long as desired.

8 R = P or ZF Used to detect if single or multiple store instruction
has affected * +1. If true, the prefetched instruction
must be discarded.

ND-06.018.01



1O

11

12

13

14

15

OPCTT1

OVF

CRY

F11

F15

ZF

STP

is used to test whether device number 300 ~ 307
should use the MOPC terminal. If a strap on the CPU
card is removed, this line will never be true. If the
strap is intact, the line will be true when device num-
bers 300 - 307 are encountered, indicating that this
device is not on the system bus but directly micro—
program controlled.

overflow from ALU. indicates overflow during arith‘
metic operations.

carry out from ALU.

bit 11 from ALU.

bit 15 (sign bit) from ALU

Result = Ofrom ALU.

indicates that the STOP flip~flop is 1 .

Bits 0 - 75will be enabled onto 108 as an argument if ARG is IDB source.
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WRITING THE MICROPROGRAM

Assembly Language Considerations

At this point, it is necessary to go carefully through the mnemonic list given in
Appendic A and compare the octal values corresponding to the mnemonics with
Figure 2.1. This gives an understanding of which mnemonic performs what
function in the microprogram. it is important to be aware that bits 22 - 27 are
inverted after the word is assembled.

All the mnemonics in the list are translated by the NORD-100 WCS assembler to
its corresponding octal value. All the octal values of the mnemonics in one
microinstruction are ”OR”ed together. if an octal number is encountered, it is
placed in bits 0 — 15 and regarded as an argument. if a symbolic name is encoun—
tered which is not found in the mnemonic list, it is regarded as a label, which is or
will be defined. When there is no more input to the WCS assembler, all labels are
replaced by their values, which are filled into bits 0 - 11 in the correct micro-
addresses. The characters accepted by the NORD-100 WCS assembler are
”space” and "tab”. These are used as delimiters between mnemonics, labels and
numbers. ”%" is used to indicate that the rest of the line is a comment. Any other
characters are used to form character groups, which may be mnemonics, labels
and commands. If only numbers between 0 - 7 are found in a character group, it is
an octal number.

if ”/" is found in a character group, the current location counter (CLC) is updated
to the octal number in front of /.

lf is found in a character group, the rest of the character group is regarded as a
iabel.

The character ”;" terminates each microinstruction and CLC is then incremented.
Each microinstruction may contain an unspecified number of lines.

Microprogram Architecture Considerations

Whenever the microprogram jumps to execute one machine instruction, the jump
address is taken from the mapping PROM. The addresses for the customer
specified instructions are found in WCS in the addresses 4001 to 4015 (refer to the
NORD-100 Reference manual). After WCS has been loaded, execution of one of
the customer specified instructions will cause the microprogram to branch to one
of the microaddresses 4001 — 4015. When this point is entered, some of the CPU
scratch registers have defined value:

1. GPR contains the machine instruction.

False sequence is JMP and POP.

R = P flip-flop is cleared.

Test object is DR = 2.

1R contains the lower 11 bits of the machine instruction.

P
’W

P
‘P

’N

A FETCH request is sent out for the next machine instruction.

7. The P register points to the next machine instruction.

8. The top word of the sequencer stack contains the microaddress PMODX.

9. The next to the top word of the sequencer stack contains the microaddress
USDBR.
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When the microinstructions in WCS are finished doing their task, return to the
PROM resident part of the microprogram should take place in an orderly manner.
There are five natural return points:

USDBR:

The system bus must not have been used by the WCS instructions. No
WAIT cycle or DBR reading must have been done. The fetch request sent
along before the jump to WCS will give the next machine instruction. The
sequence stack must be popped once, to bring USDBR to the top Word.

USGPR:

The WCS instructions must have read the DBR onto IDB, with an
accompanying WAIT cycle, and saved it in GPR. Thereafter the WCS
routines may have used the system bus for other purposes. The next
machine instruction to execute will be the one requested before the WCS
instruction was entered. The sequencer stack must be popped once to bring
USDBR to the top word.

lNlT:

The WCS instructions must have had a WAIT cycle to end the fetch bus
cycle that was set up before WCS was entered. The prefetched instruction
will not be used and INIT will send out a new fetch request. This return from
a WCS instruction should be used after jump instructions. No special con-
tents of the sequencer stack are necessary.

PMODX:

The WCS instruction need not have had a WAIT cycle. Except for that,
PMODX is equal to lNlT. One can easily return to PMODX by using the top
word of the stack as return address.

STEND:

This return address should be used from instructions storing words in main
memory, if one wishes to use the prefetched word if that is not modified.
The WCS instruction must have read the DBR onto lDB with an accom-
panying WAIT cycle, and saved it in GPR. The ALU register R1 must contain
the address written into. If multiple stores are performed by the WCS
routine, 3 microprogram subroutine, WRRQ, can be used to send out new
requests and to handle the R = P flip-flop (see STF as an example). If * + l
is modified, a new fetch is performed, if it is not the prefetched instruction
saved in GPR is used. The sequence stack must be popped once before the
jump to STEND to bring USDBR to the top word.

Note that it is always safest to end a machine instruction with a jump to PMODX
but that it will save memory accesses and time if one of the other return points is
used. To find examples, the reader is advised to study the microprogram listing
and the flow charts in Appendix E carefully.

Example ofa machine instruction ”set argument to register”:

1100 000 011 xxx xxx
1 4 O 3 DR
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The argument (0 - 7) is moved into the destination register, which can be any of
the registers D, P, B, L, A, T, or X. Since the code for the instruction is 1403x:<,
which is CUSTZ, its entry address is 4001. The code for the machine instruction is
two microwords, including the test for P as destination. if P is the destination, the
next instruction must be fetched again and the instruction returns to PMODX. lf P
is not the destination, return is to USDBR. The stack is then popped. The
displacement is found by using the B operand equal to IR bits 3 ~ 5 and using
BARG as lDB source.

4001/
B, SRCE ALUF, PASSD ALUD, Q

lDBS, BARG T, JMP T, HOLD CYCL, FAST
4016;

4018/
B,DEST ALUF, PASSQ ALUD, B

lDBS, ALU T, RETURN T, HOLD
USDBR CONDENABL;
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WRlTABLE CONTROL STORE USAGE

The symbolic microprogram will most easily be prepared using the editor QED,
with SlNTRAN lll. it should be saved on an ordinary file.

Thereafter, the NORD-lOO WCS assembler is loaded, by typing
N-lOO-WCS-ASSEMl to SlNTRAN Ill. The assembly process is started by typing
DO 10 to the assembler. The user is asked to give the names of the input file, list
file and object output file. The assembly goes on until the input file is exhausted,
and an image of the WCS is then saved on the object file. This file will contain
2066 bytes, of which the first 16 and the last 2 are header and trailers, and not
WCS microprogram code. The remaining 2048 bytes are the microprogram to be
loaded into WCS.

in order to load this microprogram into WCS, the bytes must be placed in physical
addresses 36000 to 37777. if the 2048 bytes on the files are numbered from i to
2048, the correspondence between main memory addresses and bytes is as
follows:

36000 7 8
36001 5 6
36002 3 4
36003 1 2
36004 TB 16
36005 13 14
35006 ll 12
36007 9 10

37774 2047 2048
37775 2045 2046
37776 2043 2044
37777 2041 2042

The correspondence between main memory and WCS is indicated in Appendix F.

When all the 2048 bytes have been placed according to this scheme, the machine
instruction 143500 (LWCSl must be executed. Thereafter, customer specified
instructions may be executed. If they are executed before LWCS is performed, a
ROM—out—of—range internal interrupt will be generated, and the WCS will not be
used. After power up, or after pushing the Master Clear button of the computer,
WCS will be unaccessible and LWCS must be executed in order to allow customer
specified instructions to be executed.
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APPENDIXA

MNEMONIC LIST
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APPENDIX B

DATA FOR AM 2901 BIT SLICE

Taken from ”AM2900 Bipolar Microprocessor Family” issued by Advanced Micro
Devices, inc. (to be contacted for more information).

Am2901
Four-Bit Bipolar Microprocessor Slice

Advanced Micro Devices
Bipolar Microprocessor Circuits

DlSTlNCTlVE CHARACTERISTiCS GENERAL DESCRlPTION

0 Twaddrnr architecture — The four‘bit bipolar microprocessor slice is designed as a
independent simultaneous access to two working high-speed cascadabic element intended lor use in CPU';,
registers saves machine cycles. peripheral controllers, programmable microprocessors and

I Eignrlunction ALU - numerous other applications. The microinstruction llexrbi-
Performs addition, two subtraction operations. and litv of me Am290i will allow efficient emulation oi almost
live logic functions on two source operands. any digital computing machine.

‘ F‘e’m’l‘ ‘13“ “mm“ “mam" ‘ The device, as shown in the block diagram below, consists
AW ‘5‘“ " ”"md "°"‘ "V“ “’“m' °°"‘ '°‘ a of a 16~word by 4-D“ two-port RAM, a high-speed ALU.
Wall" 203 ”W“ operand 0"“ k" 9"” ALU and the associated shining, decoding and multiplexrnq
function. Circuitry. The nine-bit rmcroinstructlon word is organized

' Lflll/"Qmmm independent 0' ALU - into three groups of mm bits can and selects the ALU
Add 3““ 3m" °°°’3"°"’ “k" °"'V 0"” cycle. source operands. the ALU lunction. and the ALU destina-

' FOL" statusllags— lion register. The microprocessor is casadabla Wflh iuii
Carry, Overflow zero, and negative. look-ahead or with ripple carry, has three~state outputs. and

O Expandable - provides various status flag outputs from the ALU. Ad~
Connect any number of Am2901's together for longer vanocd low-power Schnnkv processing is used to labricate
word lengths. this 40-lcad LSl chip.

I Microprogrzmmable —.
Three groups oi rhroa bit: much for source operand.
ALU function. and destination control.
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ARCHITECTURE

A detailed block diagram of the bipolar microprogrammable

microprocessor structure is shown in Figure l. The circuit is a
lour‘bit slice cascadable to any number of bits. Therefore, all
data paths within the Cli'CuIT are four bits wide. The two key
elements in the Figure I block diagram are the it‘s-word by 4-bit
2«port RAM and the high-speed ALU.

Data in any of the )6 words of the Random Access Memory
(RAM) can be read from the Apart of the RAM as controlled by
the 4-bit A address field input. Likewue. data ,in any of the 16
words uf the RAM as defined by the 8 address field input can be
simultaneously read from the B-port of the RAM. The same code
can be applied to the Aseloct field and 8 select field in which case
the identical file data Will appear at both the RAM A-port and
B-port outputs simultaneously.

When enabled by the RAM write enable (RAM EN), new data is
always written into the life (word) defined by the 8 address field
of the RAM. The RAM data input field is driven by a linput
multiplexer. This configuration is used to shift the ALU output
data (Fl if desired. This three-input multiplexer scheme allows the
data to be shifted up (right) one bit position, shifted down (left)
one bit position, or not shifted in either direction.

The RAM A-port data outputs and RAM B-port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the clock input is LOW. This eliminates any possible rape
conditions that could occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit (ALU) can perform three
binary arithmetic and live logic operations on the two their input
words R and S, The R input field is driven from a 2~input multi-
plexer, while the S input field is driven from a 3-inout multi.
olexer. 80th multiplexers also have an inhibit capability; that is,
no data is passed. This is equivalent to a "zero" source operand.

Referring to Figure I, the ALU R>input multiplexer has the RAM
A-port and the direct data inputs (D) connected as inputs. Like~
wise. the ALU S-input multiplexer has the RAM A-port, the
RAM B-port and the Q register connected as inputs.

This multiplexer scheme gives the capability of selecting various
parts of the A, 8, D, Q and "0" inputs as source operands to the
ALU_ These five inputs, when taken two at a time, result in ten
possible combinations of source operand pairs. These combin-
ations include A8, A0, A0. A0. 80. BO, 80, DO, 00 and 00.
It is apparent that A0. A0 and A0 are somewhat redundant With
80, 80 and 80 in that if the A address and 8 address are the
same, the identical function results. Thus, there are onlv seven
completely nondeduntlant source operand pairs lor the ALU.
The Am290l microprocessor implements eight of these pairs.
The mrcro-nstruction inputs used to select the ALU source
operands are the lo, 1', and l2 inputs. The definition of lo, I},
and l2 for the eight source operand combinations are as shown in
Figure 2. Also shown is the octal code for each selection.

The two source operands not fully described as yet are the O in4
put and 0 input. The 0 input is the four-bit Wide direct data
lield input. This port is used to insert all data into the working
registers inside the devtce. Likewise, this input can be used in the
ALU to modify any of the internal data Iiles. The C) register is a
separate 4>blt lile intended primarily lor multiplication and
divtsion routines but it can also be used as an accumulator or
holding register for some applications.

The ALU itself is a hign~speed arithmetic/logic operator capable
of performing three binary arithmetic and live logic functions.
The l3, I4, and 15 micromstrucnon inputs are used to select the

ALU function. The definition of these inputs is shown in Figure 3.
The octal code is also shown for reference. The normal technique
for cascading the ALU ol several dance: is in a look-ahead carrv
mode. Carry generate, C. and carry propagate. 5. are outputs of
the device for use With a carry~look~aheadgenerator such as the
Am2902 ('182). A carryout, 6,1,4, is also generated and is avail-
able as an output for use as the carry llag in a status register. Both
carry-in (Cn) and carry-out (CM4) are active HIGH.

The ALU has three other statusoriented outputs. These are F3,
F - 0, and overflow (OVR). The F3 output is the most significant
(sign) bit of the ALU and can be used to determine positive or
negatiins~ results without enabling the threeetate data outputs.
F3 is non-inverted with respect to the sign bit output Y3, The
F - 0 output is used for zero detect. lt is an open~collector out~
put and can be Wire OR’ed between microprocessor slices. F - 0
is HIGH when all F outputs are LOW. The overflow output (OVR)
is used to flag arithmetic operations that exceed the available
two's complement number range. The overflow output (OVR)
is HIGH when overflow exists. That is, when Cn+3 and Cn+4 are
not the same polarity.

The ALU data output is routed to several destinations. it can be a
data output of the device and it can also be stored in the RAM or
the Q register. Eight possible combinations of ALU destination
functions are available as defined by the Is. I7, and '8 micro
instruction inputs. These combinations are shown in Figure 4.

The four~bit data output field (Y) features thrmtatLoutputs and
can be directly but organized. An output control (OE) is used to
enable the three-state outputs. When O—E is HIGH, the Y outputs
are in the high-impedance state.

A two~input multiplexer is also used at the data output such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This selection is controlled bv the l5, l7,
and '8 inicroinstruction inputs. Refer to Figure 4 for the «looted
output lor each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be
entered nonehifted. shifted up one position (X2) or shifted down
one position (+2). The shifter has two ports; one is labeled
RAMo—LO/Rl and the other is labeled RAMg—RO/Ll. Both of
these ports consist of a buffer-driver with a threeetate output
and an input to the multiplexer. Thus, in the shift up mode. the
R0 buffer is enabled and the RI multiplexer input is enabled.
Likewrsa, in the shift down mode, the LO buffer and LI input are
enabled. In the noshift mode. bath the L0 and R0 buffers are
in the high~impedence state and the multiplexer inputs are not
selected. This shifter is controlled from the '6- l7, and IS micro-
instruction inputs as defined in Figure 4.

Similarly, the Q register is driven from a 3~input multiplexer. In
the pct-shift mode, the multiplexer enters the ALU data into the
Q register. In either the shiip or shift-down mode, the multi-
plexer selects the Q register data appropriately shifted up or
down. The Q shifter also has two ports: one is labeled Oo—LO/Rl
and the other is 03—RO/Ll. The operation of these two ports is
similar to the RAM shifter and is also controlled from )6, l7, and
'8 as shown in Figure 4.

The clock input to the Am2901 controls the RAM. the Q register.
and the A and 8 data latches. When enabled, data is clocked into
the Q register on the LOW‘to‘HlGH transition of the clock. When
the clock input is HlGH, the A and 8 latches are open and Will
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are closed and will retain the
last data entered. If the RAMVEN is enabled, new data Will be
written into the RAM file (word) defined by the 8 address field
when the clock input is LOW.

Copyright © 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.
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B--4

ALU SOURCEMICRO CODE OPERANDS

I: s, 'o 22' n s

L t L o A Q
L L :4 v A a
L N L 2 0 O
L N H J 0 B
N L L ‘ 0 A
H L H 5 D A
n H L a O a
N u H 7 o o

Figure 2. ALU Sourc- Opennd Control.

M|CRO CODE ALU
0m, Function W,5 1‘ x, Cu:-
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n u n 7 n sxwon 3 2'5":

Fiqun 3. ALL) Function Control.
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Figum 5. Source Omvand and ALU Function Matrix.

Figum 4. ALU Damnation Control,
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SOURCE OPERANDS AND ALU FUNCTIONS;

There are eight sourca operand pairs availablo to the ALU as
selected by the I04 l1, and I; instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
l3, l‘, and is instruction input: control this function selection.
The carry input, 0”, also affects the ALU results when in the
arithmetic mode. The Cn inout has no effect in the logic mode.
When lo through l5 and C" are viewed togethtr, the matrix of

Figure 5 results. This matrix fully defines the ALU/sourca
operand function for each state.

The ALU functions can also be examined on a "task" bails.
i.e.. add. subtract, AND, OR, etc. in the arithmetic mode. the
carry will affect thc function performed whils in the logic
mode, the carry will have no bearing on the ALU output.
Figure 6 defines the various logic operations that the Am2901
can perform and Figure 7 shows-the arithmetic functions of
the dsvice. 80th carry-in LOW iCn . 0) and carry-in HIGH
(6,, - l) are defined in these operations.

Oct»
'54:. ’2‘”) Group Functmn

4 o AAO
4 i AAB4 5 AND cm:
4 6 0A0

0 AVG
J 1 AVB
3 5 0“ OVA
3 6 DV0

6 0 AVG
6 1 Avex na 5 E 0 on
6 6 cm

7 0 Asia
7 1 Ava‘
, 5 Exwoa ““0s
7 8 0’0

7 2 §
7 3 B7 ‘ mvan‘r K
7 7 5

B 2 Q
s :l as ‘ PASS A

6 7 O

3 2 Q
J J B3 ‘ PASS A
3 7 D

4 2 o
4 3 .. .. o‘ ‘ ZERO 0

4 7 o

5 o 3A0.
S t Em:MASK _
5 5 DAA
s e 5A0

Figure 6. ALU Logic Mod. Functions.
((2,. lrrcltvonti

Ocul Cn - 0 (Low) C" - 1 (Highi
is“, ’210 Group Function Group Function

0 0 Ava moi-i
Cl 1 ADD A98 A00 Dim A08“
0 5 DNA on. D+A+l
0 6 0*!) 0‘0”

0 2 O OH
O 3 PASS 3 Incmmnt 8H
0 $ A Ad
0 7 0 ON

1 ‘Z 0—! O
1 3 Document 8—! PASS 5
1 4 A—l A

'2 7 0—! D

2 2 .04 _o
2 3 Ft Como. ~8-1 2'sComo. -6
2 4 —A—i (Negatui —A
1 7 —O-l <0

i o o—A-i Q—A
l l Subtrlct B-A-l Sunmct s—A
1 S (I'tCon'c) A—O-i (Tim) A—O
l 6 G—O—l 0—0
2 O A—G—l A—Q

2 i A-B-I A—S
'2 5 D—A—l D—A
2 6 0-0-1 0—0

Figure 7. ALU Arithmetic Mod: Functiom.
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LOGIC FUNCTIONS FOR G, P, Cum AND OVR Definitions (+ ' OR)

The four signals G, F" Cmm and OVR are designed r0 indicara 90 5 R0 + 50 GO ' R050
carry and overflow conditions when (he Am2901 is in the and P1 ' R1 9' 51 G‘ ‘ 315‘
or subtract mode, The lame below indicates the logic aquarions p a R + s G a R 5

. . . ? 2 2 2 1 ’2
for (base four Signals for each of the web! ALU functions. The P _ R + S G . R S
R and 5 innurs are the two input: seiecred according r0 3 3 3 3 3 3
F3 ure 2.9 c. - G3 + P362 + P3P2G‘ + 9392mm, + P3P;P,Pocn

C3 ' 62 + 925i ' PzF‘iGo * PZPIPOCn

l5“ Function 5 5 cm ova

o a . s m mm c. C: v c4
\ S—H «in—- Sam:uR*‘S but FTifocfigin

2 R-S -o-- Samouflvs bur 57(01n

3 R V 5 LOW PJPQPyPo PnpyPo ‘ C" P3P1P‘Pq + C"

a HAS LOW vGQ'G‘Ni; GeQVG,+Go+Cn Gg+Gz*GwGoF‘5;

5 3 A 5 LOW W—Same as R /\ S bur FT. for R; in

6 R V S ‘- Sam at R V 5 our subsnruro ii for Rr in darinm’om —--—-—-—-——-—-———-—-—-—-~

7 H v S G: r G: r G‘ * Go F‘JG'J ‘ 939262 ‘ PJP2PIGi * Papzpii’o P363 ‘ P3P261 ‘ pjpi‘G' cammmm‘ oi
v- PJPZP‘PO (Go . cn) Cfiu at lair

.uoa
Figure 8.

PACKAGE OUTLINE
empin Ceramic (Side Brats)

l
L000L|DO--.-————————-1l 9 'C ~ lWCM

(MIL-STD-883. Mimod 1012C?)i ,._.._.____ 1
z w i ‘

55mm: 3
.
ij ! 10

A jasmine“ mom mum

INTTIICAL mulK L10 mlc‘Nllfi SIATED N‘KENYJm “AX.

0|“.i

é.— M13194

‘ i

5 FLAMEunmet -.1 9,5 “m

Figure 9.
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CONNECTION DIAGRAM
TopView

0'! v: v, r‘ 70 i ovecM‘ 5 #3 once“ l‘ is I3 00 0‘ oz 03 L3,?“

fli’lfll‘iflflflfll‘i flflflfll‘ll’ifll’il‘ll‘l
antennaessaanaznmazezvmzszsnzzn

6 7 3 D m

D “mot

H I2 in II is in W la is) 20

.Ll ULJLJ
"3 3C

»: 3 l 5

U U U
*i ‘o 'e ‘e

ROILI LO/fil

Note: Pin 1 in marked tor orientation.

UUULJU
Is, All», ““0 Vcc & -o lo I‘ 17

UUUUU
5’ oil 30 5i 32 “I

AOIU

Figure 10.

PIN DEFlNlTlONS

A04

30—:

RO/Ll

LO/Rl

004

The tour address inputs to the register stack used to
select one register whose contents are displayed
through the A-port.
The four address inputs to the register stack used to
select one register whose contents are displayed
through the B-port and into which new data can be
written when the clock goes LOW.
The nine instruction control lines to the AmZQOl,
used to determine what data sources will be applied
to the ALU (I012), what function the ALU will
perform “345). and what data is to be deposited in
the 0~register or the register stack (1573).

A shift line at the M88 of the Q register (QfiiO/Ll)
and the register stack (RAMgaO/U). Electrically
these lines are three-state outputs connected to TTL
inputs internal to the Am290‘l. When the destination
code on ‘673 indicates a right shift; (detail 6 or 7)
the three‘state outputs are enabled and the M55 of
the O register is available on the OgRO/Ll pin and
the M58 of the ALU output is available on the
RAM3RO/Ll pin. Otherwise, the titre-estate outputs
are OFF (high—impedance) and the pins are electrically
LS~TTL inputs. When the destination code calls
for a down (left) shift, the pins are used as the data
inputs to the M58 of the Q register (ocsal 4) and
RAM (actal 4 or S).
Shift lines like RO/Ll, but at the LSB of the O~register
and RAM. These pins are tied to the RO/Ll pm of
the adiacent device to transfer data between devices
for Ielt and 'right shifts of the O (E'qlstlr and ALU
data.
Direct data inputs. A tour-hit data field which may
be selected as one of the ALU data sources for
entering data into the AmZQDl. 00 is the LSB.

Yo-a

Cn
Curd

C?
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The tour data outputs oi the AmZQOl. These are
three-state output lines. When enabled, they display
either the four outputs of the ALU or the data on the
A~port ol the register stack, as determined by the
damnation code ‘s7e-

Output Enable. When OT? is HlGH, the Y outputs
are OFF; when OE is LOW, the Y outputs are active
(HlGH or LOW).

The carry generate and propagate outputs of the
AmZQOl‘s ALU. These signals are used with the
Am2902 lor carry-lookahead. See Figure 8 for the
logic equations.

Overflow. This pin is logically the ExclusiveOR ol
the carry-in and carry-out of the M88 of the ALU.
At the most significant and of the word, this pin
indicates mm the result of an arithmetic two's com-
plement operation has overflowed into the sign-bit.
See Figure 8 for logic equation.

This is an open collector output which goes HlGH
(OFF) if the data on the tour ALU outputs F04
are all LOW. ln posmve logic, it indicates the result
of an ALU operation is zero.

The carry-in to the Am2901's ALU.

The carry-out of the AmZSOl's ALU. See Figure 8
(or equations.

The clock to the AmZQOl. The O register and register
stack outputs change on the clock LOW-toHlGH
transition. The clock LOW time is internally the
write enable to the 16 x 4 RAM which comprises the
"master" latches of the register stack. While the clock
is LOW, the "slave" latches on the RAM outputs are
closed. storing the data previously on the RAM
outputs. This allows synchronous master~slave opera-
tion of the register stack.
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MAX1MUM RATINGS (Above wnich the useful life may bu impaired)
Storage Temperature -65°C to +150°C

Temperamru (Ambient) Under Bias ~55°C to +125°C

Supply Voltage ro Ground Poremiai --0.5 V to +6.3 V

DC Voltage Applied to Output: for HIGH Output Stale —O.S v to Woo max.

DC Input Voitaga -0.5 V m +5.5 V

DC Output Current, into Outputs 30 mA

DC input Currant . -30 mA to +5.0 mA

OPERATYNG RANGE
PIN Ambient Tamra-rum. VCC

[ Am2901PC, oc ! o‘c m «we 1 4.75 v m 5.25 v |
[AMZSOiDiW ml —65'C :0 H25": 3 4.50 v ro 5.50 v I

STANDARD SCREENING
(Conforms to MlLrSTD-aaa {or Class C Parts)

MIL~$TO683 Ln“
sup Mama Common: AmZQOIPC, cc AmMiDM. FM

PrivSui Viwai lnmocxidn 2010 B 1009‘ rm

244mm
Subiliznion Bakl mos C iso‘c i003 100*

Tcinmumu Cydu 1010 C '65“: m HSO’C "30% 100*
I!) cycle:

emu-Mug- 20m 3 10.000 G was ' 100%
Fine Luk x014 A 5x ")4 wwcc 10015 ' ioms
Gmu Luis 1014 C2 Fiuorocarbon 100% ’ 100%

i
6:30:22 and 7 L 500‘ Emma's; uibwrwm IOO’i 100%

{nun Mdilionu Screening inn (or Class 5 Pam

Group A Sampl- Tom
Subgroup 1 LT?!) " 5 L170 - 5

Subgroup 2 LTFD ' 7 LTPD I 7

Sucqrouo J 5" New lor LTPO ' 7 LTPD - 7
Subwoup 7 6005 definition: of mbwouot LTPD - 7 LTPD - 1

Subgroup B LTPO ' 7 LTPD - 7

Subgroup 9 LTPO - 7 LYPD - 7

m u mi 1 Amasowc""““ ‘ ' °' ADDlTiONAL SCREENING FOR CLASS 3 PARTS
MiL-STDW W“t. r .

3“” Mam Amzsomma, ma
125'CSurmin i015 O 180 hour: min. 100%

Elmrvczi Tm 500‘
Subwouo i 100%
Subgroup 2 100%
Subgroup 3 100%
Subgroup 7 100%
Subgroup 9 100%

flown: to Group A Tm: in sundm! Scanning

ORDERING INFORMATION GROUP A SUBGROUPS
(a: defined in MiL~STD-883, married 5005)

Package Temperamrn Order snb‘fiwu PD'Cr'mm gap-mur-

Type Ranqc Number 2 DC Mix-mum rum "mow-run

Molded or? 0°C to +7o°c AM2901PC: 3 Dc M‘"”'“‘"‘ ""4 "'"°""""
Hermetic DiP 0°C :0 ”0°C AM29010C 7 “"9“ 75 C,
Hermetic DIP —55°C :0 + i 25°C AM29010M 3 “mm" Mum“ W m‘"'"‘“‘“""“

Hemmic Fiat Pack -s§°c m “205°C AM2901FM 9 Swmm zsjgm‘mw
Dun 0 C 10 +70 C AMZQO‘ X" ‘0 wilcflinq Maximum Rand Tcmmrarura

H Switching Minimum Rand Temperature
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE [UnIass Otherwise Norud)
(Group A. Subgroup: I, 2 and 3)

Typ.
Pumnnn Ducripu’on Tn! Condiu'ons (Non n Min. INon 2I Mu. Unit:

I - -I,OH 5m“ 2"
Y0. Y1. Y2. Y3
Io" - -Ii0mA, ca“ 2.4

VCC - MIN. '0?! - —800uA. OVR. 7 14
V Du I HIGH V I! Vom
°" W ° " VIN ' VIH °' VIL 10,, - .500“. r, 2.4

'0H - MA 2 ‘
All ROIU. LOIRI '

IO” - —I.smA. 6' 2.4
‘ Oumul mug. Comm Vac ‘ MW. Von - 5.5V :50 “A
CE" Ic-OOulaux VIN-VIHNVIL

'OL ' Wm“
Y0. Y1. Yzi Y3 0'5

Vv -MIN. I -|0rnA.c ,F-O 0,5
VOL 0mm LOW Venn. W ' 0L "" ‘ Voiu

VIN ' VIH 0' VII. 30L - Mam, ova. P 05
[OL-6.0mA_F3 05
AI: RO/LI. LOIRI ‘

Gut-mm input Iowui HIGHV": Inaux HIGH LmI ”no. far a“ incur: 2,0 Vain

Vn. Mm" Low LM‘ Quantum mg" xwur LOW [ minim 0.7 V0“,
voflmfi Ior I” menu I Cam"c,,g 08

VI Inoul cm Velma V(:c ‘ MIN.. Im - —i3mA —I.5 Vain

I Clock. 6: 4.35
A0. A‘. A1. A3 41.33
30. 31, 32, 53 43.38

I . O . 0 , O . 0 4.72
‘L Input LOW Currvm VCC MAX' 0 ‘ 2 1 mAmen J) vm - 0.5V |°,l1,12. I5, I3 -0.36

'3. I4. i5. ‘7 —c.7z

An LO/Rl. ROILIINau 41 ~03
C... —Ji6

Ciock. 6E 20
A0. A1. A2. A: 20
So. 9‘. 82. Ba 20

I 0 , o , o , o ‘0
(21" 3) Input HIGH Cum: Vim - MAX. 0 ‘ 2 3 uA

vN-uv ‘O<|I.‘2.|8Jg 20
l3.M.I5.I7 «0
Au LOIRI, ROILI INau 4 we
a .I... I

‘I Inouz HIGH emt Vac - MAIL. vm - srsv LI) MA

yo. “I v0 - 2.4V 50
'2. V3 v0 «rev -5o

0" Sun (High Ina-coma) .. VQ u 2.4VI VC MAX. IOO HA02 0mm“ Cum! C A" LO/Hl (Nun 5)
RO/Ll v0 _ 0,5v 400

(Next 5)

Yo.YI,Y2.V3.G 4.0 -40
Cm‘ 4.0 —40

'SC ‘00t Sam Circuu Cum OVR. P «60 —40 mA
New 0

F: —6.0 -40

A" Rom. LOIRI ~83) L40
Miliurv 135 230I v mACC Pom Succlv Curr-m CC - MAX. Commucr-I I85 280

Mom: 1. lot condmom mom u MIN or MAX, um 17.. woman“. um- momma unuu Eloculcu Chuma-uu lor rm walk-Mu douc- (van.
7. Twin: "mm «- n Vcc . :mv, zs'c mar-m .nu murmur“ lowing.
:1. No: man mm on. cutout would b- morn-s n a nun. Quinlan of mu anon mum II" should not “and can mean.
4. LO/RI end ROILI In mroo-q wmul: imam-Hy commend to T‘I’L ifloutk lnoul chant-rims: an "unwind with I573 In . nu. mm

mu mo mrmut' mm! l| OFF.
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GUARANTEED OPERATING CONDiTlONS
Tables 1, ll, and ill below define the timing requirements of
the AmZQOl in a system. The Am29m is guaranteed to
function-correctly over the operating range when used within

TABLE I

CYCLE TiME AND CLOCK CHARACTERISTICS

the delay and set-up time constraints of these tables for the TIME Am2901DC ArnZQmDM
appropriate devrca typel The tables are divided into three M‘ , R M d' W .
types of parameters; clock characteristics. combinational delays immum Vead. ° 'fy‘ rue

. . . Cycle (time from selection
from inputs to output; and setup and hold time requirements. of A 8 registers to end of 105 us 120 in
The latter table defines the time prior to the end of the cycle cycle.)
lie. clock LOW-to-HIGH transition) that each input must be _
stable to guarantee that- the correct data is written into one oi Mulrhurn Clock Frequency (0
the internal “93mm Shift 0 Register (50% duty 9.5 MHz 8,3 MHz

ole)
The performance of the Am2901 within the limits of these W
tables is guaranteed by the textinq defined as “Group A, Minimum C1°Ck LOW “PM 30 "5 30 n5
Subgroup 9" Electrical Testing. For a copy of the tests and Minimum Clock HIGH Time 30 ns 30 n5
limits used lor subgroup 9, contact Advanced Micro Devices' _ P .
Product Marketing. Minimum C1°Ck enod 105 ns 120 ns

TABLE II
MAXIMUM COMBlNATIONAL PROPAGATlON DELAYS (all in nt, CL < lSpF)

Amzsoioc ! AmZSO‘lDM

T° [no no, LO F-O R0, L0
From Output Y F3 Cm": 5,? RL' OVR Y F3 Cm“: 5,? RL- OVR
lnwt 470 RAM a 470 RAM 0

Clock 5‘ HS as 100 me no 95 105 so V25 95 no no 120 ms 115 65
A. 8 110 85 80 80 no 75 HO - 120 95 90 90 120 85 l20 —-
D 100 70 70 70 too 50 60 - 110 80 75 7‘5 HO 65 65 —
Cn 55 35 30 -— so 40 55 — so 40 30 — 55 4s 50 ~
Im2 85 65 65 65 80 65 80 — 90 70 70 70 85 70 85 —-

‘345 70 55 60 60 7O 60 65 - 7 at) 85 65 75 65 70 «

I673 55 — — — ~ — 45 45 so — ~ — — — so so
OE Enable/Disable 40/25 - - - —' ~ - _. «10/25 ~ - - — - - —
A ovoassing _ _ _ _ __ __ _ _. _ - .. - .. __ALU (i =- 2xxi 6° 55

SET-UP AND HOLD TIMES (minimum cycles from each input)

Set-up and hold times are defined relative to the clock LOW-to
HIGH edge. Inputs must be steady at all times from the set-up

time prior to the clock until the hold time after the clock. The
set-up time: allow sufficient time to perform the correct
operation on the correct data so that the correct ALU data
an be written into one of the registers.

TABLE ill
Set-Up and Hold Times (all in M) (Note ll

Am2901DC
From input Note:

Sat-Up Time
A_ 1
Source 2' 3‘ 4 t L + 30
8 Dust. 2, 4 tn + 15
D 100

55
85
70

l

Fll,Ll (RAM pro) 30

Mom: i, s" Figure N me it
2. it the 3 more“ II and a a route. apouno. mow tor rho ”A.

"3 our." alum Unit
J. When two number! an crown, Dom molt be mu.
as "ipwi." it "‘0 ciocx LOW mm.

Am2901DM

Hold Time

0

Hold Time Set-Up Time

LPJO
+ l5

HQ

50
90
75

+1

30

0

O
0
O
0
0
O
0

a muru" nouo time: i! it u uuo onlv lor the dentin-non name". on in.
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Figure 11. Minimum (Nae Times from Inputs. Number: Shown are Minimum Data 5!:t
Times for AmZS-‘O‘! DC, in m.

run cm cvcu Vm‘WM
1

‘ u gust
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All!

aloum

w 5...»s
clmzm

{gunman

C...
no

avl

VW

mFTDUIW"
mu;

90!n "run
"In

Mom: 1. Thu an" n m- mu. rm, at (ht INIIKII ccnuinmq A_ s, 0, we I, For m- Am2918,uw 13»:
2. mm (m lock-nae curv, Forlipph canv mm! 16 mu m- 2 I (an ‘ can), or 50m.
3. Tm. 5| 1M a-v utoclnod WIlh mo mumounr nuwnn mu mm outouu Ind mm inwu on ma Arr-2901‘. 5..

“W" U. Narmlllv mane-DI: can/101 dcuoln Imam o! cuculu mun.
I, Not auntie-cl. lot low: now-norm

Figura 12. Switching Waveforms for 163$: Svnam Auuminq A, B, D and I are I“ Driven from
Register: with the umo Propagation Delay, Clocked by tho Am2901 Clock.
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APPENDIX C

DATA FOR AM 2914 INTERRUPT CONTROLLER

Taken from "AM2900 Bipolar Microprocessor Family” issued by Advanced Micro
Devices, Inc. (to be contacted for more information).

ND-06.018‘01
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APPENDIX D

FUNCTIONAL BLOCK DIAGRAM FOR 748482
SEQUENCER

This appendix shows the functional block diagram for the 748482 sequencer from
Texas Instruments, Inc. More details will be found in "The TTL Data Book" Issued
by the same company.
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APPENDIX F

MAWJMEMORYANCSCORRESPONDENCE

MAIN MEMORY (PHYSICAL) WRITEABLE CONTROL STORE
15 o 63 4a 47 32 31 1615 0

00000 0000 3 3 I P

33331 I I I R
L I l I 0 2K

4 /, ’w l i i /; M

36000 coo ‘ i l 1
36001 001 3777 ‘ . 3
36002 002 4000 003 1 002 3 001 I 000
36003 003 4001 013 I 012 I 011 I 010
36004 010 4002 I I I 020 w
36005 011 4003 I i I c I/4I<
36006 012 4004 I l I s
36007 013 I I I
36010 020 /, I I ll ’0

I I T
, , 4376 I I I

1/ 1’ 4377 03773 I 03772 I 03771 I 03770 3
37774 03770 ' ' ‘ ‘
37775 03771
37776 03772
37777 03773

ND-06.018.01
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COMMENT AND EVALUATION SHEET
NORD-l 00 Mlcroprogramming Description ND-06.018.01
January 1980

In order for this manual to develop to the point where it best suits your
needs, we must have your comments, corrections, suggestions for
additions, etc. Please write down your comments on this preaddressed
form and mail it. Please be specific wherever possible.
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— we make bits for the future
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