1. Introduction: |
The HP Nano Processor (NP) is a single chip, N-channel MOS, 8 bit

parallel, control oriented central processing unit designed by the Loveland
Instrurent Division for internal contrql and interfacing of instruments.
The ©P éoup]ed with a program ROM forms the minimum nano processor
control computer. The NP can directly address up to 2048 8 Sit bytes of
prOQrém mem6ry and with simple block switching techniques up to 512K of
B bit bytes. | | " |
A1l instructions and data are transferred in and out of the NP with

the bidirectional 8 bit parallel data bus (DﬂvtthUgh D7).
‘The NP allows data transfers withup to 15 input and 15 output ports

)
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The normal program may be interrupted by use of the interrupt request
cdntro1 line. This interrupt is a fully vectored interrupt with 256
possible vectors. ' | '

The NP can control external circuits and check their status tﬁrough
the use 6f the 7 direct control lines (DCO through DC7).

A1l inputs and outputs are TTL compatabile. Each output wil]vsink
one standard power TTL'load. Each input has an internal pulivup device.

The NP instruction set numbers 42 1including data transfers, -bit

maniputation, magnitude cdmparisons, jump, and jump to subroutine.



'HARDWARE STRUCTURE

The NP contains:

A.
B.
c.
D.

E.

I.

“Accumulator

One 8 Bit Accumylator (ACC)

One Control Logic Unit (CLU)

One 1 Bit Extend Register (E)

Sixteen 8 Bit Storage Registefs (R - R1Z )

One 8 Bit Magnftude Comparator (CMP’

Seven Bidirection Direct Control 1/0 Lines (DCS-6) .
One 11 Bit Program Counter (PC) o

‘One 11 Bit Subroutine Stack Register (SSR)

One 11 Bit Interrupt Stack Register (ISR)

The 8 bit accumulator may be loaded from or output to the 8 bit

}data bus.

Control Logic Unit

. .The CLU is the heartof the NP. It'provides the following functions:

1.

2.
3.
4.
5.

.6.'

Test; set or clear any bit of the accumulator or the extend
register. _ .

Set or clear any of the command.fiip flops.

Test any of the flag inputs.

Clear the accumulator.

Increnent or decrement the accumulator in bfnary.

Increment or decrement the accumulator in decimal.

(Note: Two BCD coded digits are assumed and the output is

- two BCD coded digits and overflow.)

7.

Complement accumulator (1's complement)



Extend Register
The l bit extend register is used to lndlcate overflow from or underf]ow

M-mto~the accumu]ator, or 1t may be_used as an internal flag.

Storage Reg}sters

The sixteen 8 bit storage registers are for general data use.

They may‘bé“reéélled to the accumulator. They may be loaded from

the accumulator or dlrectly from the program ROM. RP may be used

for compar1sons aqgf%qquing.

*

Magn1tude Com narator

the 8 b1ts of the Rﬂ for greater than, less than or equal to.

Direct Contro] I/O Lines 7 —  — o~

The direct-control I70-1ines are 7 (DCP-6) lines that may be used for
1output with_set and._clear functions on their controlling flip flops.

* The status‘of the output may be directly tested as inputs for feedback

- flags.

Proéram~Counter

The 11 b1t program counter ‘provides- direct address1ng of the control

program up to 2048 bytes.

.

Subroutine StacP Rag1suer S

‘ The 11 bit subroutine stack reg1ster prov1des for a single level of

subroutlning within the control program

Interrupt Stack Recwster
The 11 bxt interrupt stack reg1ster prov1des for a 51ng1e level of

fnterruption.
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PROCESSOR TIMIKG
The NP {s designed with a quasi static structure. The.clock may be

stopped in the low state with no loss of data.

The maximum clock rate is 5 mz. With this clock rate all instructions
are exeéuted in two clock periods of 400 ns. |

To obtain a 400 ﬁs cycle time the program ROM must have.<70 ns access
“from address to output and {40 ns access from output enable to outpui.

(A 1ist of possible ROMS to be used with the NP is listed in Appendix A.)



INTRODUCTION TO THE NANOPROCESSOR INSTRUCTION SET

REGISTER ADDRESSING

The sixteen internal 8 bit registers may be directly addressed
vuith LOAD (LDA), STORE (STA) and STORE ROM DATA (STR) instructions or
| iﬁaexed address may be used with LOAD INDEXED (LDI) and STORE INDEXED
(s11). | | |

The effective indexed address is the "or" function of the bottom

1-13) 4 bits of the instruction with the bottom 4 bits of RB(Rﬂﬁ-Rp3).

Example: _
1p-13 1001
Rﬁﬂ~Rﬂ3 _ | 0101

',EffectiQe Regisfer 1101
Address )

Note: This is an or function instead of an add, therefore

no carry takes place.



PROGRAM ADDRESSING

For ease of discussion the program address (11‘b1ts} will be looked
at as a three bit page number (PA 1p-PA 8) and an 8 bit p;ge offset
GAT-mg) | B

- ib all instruction except jump and skip instrucfions. the program
address is incremented. It is incremented once on one byte instructions
- and twice in two byte instructions.

In a JUMP (JMP) or JUMP TO SUBROUTINE (JSB)'instruéfion the page
number from the first byte and the page‘offset from the second byte bf'
:-the instruction are loaded fnto'the prégram éoﬁnte} during fhe execute
’;ibhasee‘ , .
| S ‘In the JUMP INDIRECT . INDEXED (JAI) and the JUMP INDIﬁECT INDEXED
70 SUBROUTINE (JAS) instructions the page nuiber is formed the same as
an indexed registef address (but only the bottom 3 bits are used) and

the page offset is taken from the accumulator

CAUTIOHNS: |
" These two instruct&ons allow greaé addfessing power but they‘also
have great dangers. | o ‘
. 1. Due to the indéxfngvstructure a JAi instruction exécuted with
- RP3 set will be executed as a JAS instruction.
2. Due to the ﬁubroutine return address storage system the address
after a_JAS instruction wi1l.hot be executed upon return from the sub-

routine.



A1l branching in the NP is done with‘the ckip fnstructions. The skip
1nstructidn causes two bytes of program to be skipped if the condition

being tested is true.

Example:
Program "~ . Instruction
Address :
After the skip instruction N . SBS 3 Skip if accumulator
L - - bit 3 is set |

AurZiijIS 5, 9MP_EXIT (Jump instructicns

This instruction is executed + N+ | |
| . TIMP Jrrmliin {require two bytes.).l

if Bit 3 is zero | N+2
This_instructfon is executed -+ N+3 ‘ CBN 3 Clear accumulator

bit 3
if Bit 3 is Set



THE NANO PROCESSOR INSTRUCTION SET

The NP instruction set {s dividea into groups:
| 1. Accumulétor group

2. Register transfer group

3 Input/output group
4, Cémparator group
.

Program contrdl,group

INSTRUCTION LISTING FORMAT

s & [ENmo)
Instruction Operand(s) Operation Operand
Mnemonic : Code Code

’ Descﬁ?ption‘
of

Instruction



“SBS N
SBZ N
SBN N
CBN N

NS

IND

 DEB

DED -

‘The extend register is set if underflow occurs.

ACCUMULATOR GROUP

060010 N
Skip on accumulator bit #N Set (1)
.0 6110 N
Skip on accumulator bit #N zero (P) . ;
| | 00100 N
.Set accumulator bit #N . ! o
| | 10100 N
" Clear accumulator bit #N . -
. - . 00000000

Increment accumulator as an 8 bit binary number
The extend vegister is set if overflow occurs

00000001

* Increment accumulator as two BCD code decimal

pumbers () ()

- Carry between digits is automatically handled.

The extend register is set if overflow occurs.

00000010

Decrement accumulator as an 8 bit binary number

00000011

- Decrement accumulator as two BCD coded decimal digits. -

Borrow between digits is automatically handled.

The extend register is set if underflow occurs.



CLA

CMA

LSA

RSA

SES -

SEZ

LDR

| .0 0000100
Clear accumulator - . -
Does not affect the exteﬁd register .
| | | 00000101
Complement accumulator |
The accumulétor‘is tfeated as an 8 bit binary

number and one's complement is performed.

| o 00000110
Left shift accumufatdr |
1°bit shift with zero (8) Fi11
- Does ggg affect extend register )
| o+ . 00000111
Right chift accumuliator ' - .
1 bit shift with zero (9) i1l
.Doés not affect exténd register |
00011111
' Skip on extend register set (1) - f
060111111
' Skip on extend register Zero (p) |
ROM Data 3 ) 11081111

Load accumulator with ROM data
(ROM data 1is the second byte of this

instruction).



REGISTER TRANSFER GROUP

LDAR 0110
' Load accumulator with data from register~#2 '
STA R | 0111

Store accumulator at register #R. T

wrz o 1110

" Load accumulator with data from register

addressed by (Z)v(Rp) (See description of

indexing
STI Z o - 1111
o Store accumulator at regisfer addresséq by |
(2) v (RD) |
" STR R, ROM Data 1101

ROM Data

. Sfore ROM data at Register {R
ROM data is the second byte of this

instruction



COMPARATOR GROUP

A11 comparisons are made based on RP and the accumulator containing 8 bit

unsigned binary numbers

SLT

SEQ

SAZ
CSLE

SGE

SNE

SAN

S&T

Skip on

~ Skip on
~ Skip on
Skip on

Skip’on

Skip on

Skip on

accumulator greater than or.equalito RP.

| 00001001 -
accumulator less than Rp. ) "‘ o
| 00001010
accumulator equal to RP. | ' . o ,
| 00001011
accumq]atorAequal to zero @. '

00001100
accumulator less tha; or equal to Rp.

ooco001101

| 00001110
accumulator not equal to Rp. _ | o
| 00001111
accurmulator not equal to zero (ﬂ).. o

> w0 ;;_oaoo\ooo



| INPUT/OUTPUT GROUP
mos | . 0100

- Input data from device #DS to accumulator
OTADS . . . 0101
"Output accumulator data to device #DS
‘0TR DS, ROM DATA . . 1100
‘Outpdt ROM data to device #DS '
‘ROM data is the second byte of this instruction.
STC K , 00101

" Set direct contrbl‘.

Bit #K o |
cacK 10101
“Clear direct control '
v Bit fK
SFS J | ‘ 00011

~ “Skip on direct control

Flag #J Set (1)~ =
- SFZ 3 00111
Skip on direct control flag'#J zero (p)



RTI S - 10910000
Return from interrupt ' o
An unéonditional jump to the location stored
fn the interrupt stack register is performed.
The interrupt control bit is not affected |
RTE ) : 10110001
~Return from interrupt and enable interrupt
. Sahe as RTI instruction except that the
interrupt control bit is set allowing futurg_
_ interrupt.
NoP - 01011111
~ NO Operation o
Al . - . 10010
| Jdump indirect (through *;cumu]ator) iﬁdexeé. o
The page number is'the indexed value (Z)V(Rﬁ)
,Thé page offset is the accumulator |
‘.An.uncondition jump to the address formed from
. 'the-page number and page offset. . |
s | S o011
| Jump indirect (through accumulator) indexed 'fo |
‘subroutine. o | |
~Same as JAI with the addition that the location of the JAS

“instruction Plus 2 is stored in the subroutine stack register.



PROGRAM CONTROL GROUP |
. ' Page Number
JMP ADDRESS . S ) ’ 10000
B : SR © Page Offset
| .. The address ié broken into two section page
‘number and page offset.
The first byte contains operation code and
pagé number.
" The second byte contains the pagé offset. ‘
Ap;uncpnditional Jump to the address is performed.

JSB 'ADDRESS R 10001
: ' : 3 Page Offset

Page Number

(See jump for address format)
~ An unconditioqal Jump to the g@ﬁre§s~is berformed and
" the address of the next ROM lbcation after the page
offset 5; stored in the subroutine stack register.
. Note: Since the'subfoutine stack register is a single
levél deep, subroutinés ggggg§ be nested. |
RS R o 10111000
.Return from subroutine -
An uncbnditiona1 Jump to the ]ocatfon stored in
the subroutine stack register is performed..
The Tocation of the RTS fnstruction Plus 2 is
}stored in the subroutine stack register, thus

co-routine linkages may be performed.



INTERFACING THE NANOPROCESSOR

The interface of the NP is divided into five section:
1. Program Access |
2. 1/0 Port
3. Direct Control Lines
‘4. Interrupt System
6. Power Supplies and C]éck



PROGRAM ACCESS

The NP accesses its program through the use of the 11 program address lines
(PAp-18) and the program and gate line.

When the program gate is high the program source should supply the program
data referenced by the program address onto the data bus.
1/0 PORTS . |
The NP can address up to 15 input and 15 oufput data ports through the use.
of its device $e1éct and 1/0 Read/Write lines. |

The external devxces may be numbered ) through 16 .in octal with 17 octal
reserved for a "No 1/0" 1nd1cat1on | |

DIRECT CONTROL LIMES

The seven bidirectional directlcohfrol lines may be used in one of four
modes for each llne | | | 1
‘1. As a DC static output Tine w1th set/c1ear program control.

'} 2. | As an input flag (internal flip flop must be set - this is the
| turn-on condition) with direct testing by the program.
- 3. As a bidirectional control line. | ’ .
. Examble: |
The NP.puts OC Line 2 fow to signal ‘an external device.
to start and‘the externél device holds the line low until
' finished'thus the NP (after setting DC lines agéin) can
determine the end of,fhe external devices cycle. ‘
4. As an internal program flag with set/clear.and direct testing

by the program
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JNTERRUPT SYSTEM

' The'NP's interrupt system is contﬁol]ed by three lines: 'fﬁterrupt Request,
Interrupt Acknowledge, and Interrupt Enable. o
During the execute phase of every instruction (excep anlinterupt disable -
clear control #7) the stafus of the interrupt request line is input, if that line
is 1ow an interrupt phase will follow regardless of the state qf the interrupt
énab]e. The interrupt phase is indicated by the interrupt aéknoﬁ]edge line going

high. Daisy chaining of the interrupt acknowledge line can be used for interrupt

priority.

During the 1nterupt phase the interrupt enable 1is automatlcally turned
of%, the vector address is input and the return address is stored in the 1nterrupt
‘sféck register. | | | o
AiThe interrupt request Hino input is always active. The inte::upt,eha;ze
~output may be used externally to gate this input if interrupt enab]é/disable
capab%iity is required. | ’ ' |

- POWER SUPPLY AND _CLOCK

Three power supp11es are required by the NP, + 12 volts and +5 Yolts for |
the main log1c and -2 to -5 volts for backgate bias. . ’_ |
The clock input is (as all inputs are) TTL compatible. It shou]dkbé noted
- that to provide a fast clock edge the internal clock this line is pullediup

- with a current of approximately 3 ma.



INTRODUCTION TQ THE NANOPROCESSOR INSTRUCTION SET

REGISTER ADORESSING

The sixteen fnternal 8 bit registers may be directly addressed
with LOAD (LDA), STCRE (STA) and STORE ROM DATA (STR) fnstructions or
in;!eud address may be used with LOAD INDEXED (LDI) and STORE INDEXED
{s11). .

The effective fndexed address fs the "or" function of the bottom
1-1,) 4 bits of the fnstruction with the bottom .4 bits of RO(RE-RD3).

Instructfon
Fnemonic

o

Operation Operand
Code Code

. |

Example: [T X
113 _— . . .'x 4 - M
B
REP-RE3 oo
Effective Register nn
. Address !g !g E § 9 ’}, ‘)“
s ® v m»
Note: This s an or function fnstead of an add, therefore - '§:’_: L2t i E w3
ML | S [{
% carry takes place. T ai A i ] d
A V
PROGRAN ADCRESSING N | L 3.0 )
N V2?2 Le— 03 -
L3 A % M
For ease of discussion the program address (11 dits) will be looked 2 %’ s g K\ zg
st as a three bit page number (FA 19-PA 8) and an 8 dbit page offset ¢ 5_ >3
(PA7-PA D) i l 1
In 811 {nstruction except jump and skip fnstructfons, the program L ] r—ﬁ‘ 'k
. 3 X k3 ()
address 1s incremented. It {s incremented once on one byte fnstructions :5.‘ =" 3 5
: . 3 P N o
and twice in two byte instructions. H] ‘ > . H D H
. 2 3 D e e o | g ) § 3
In a JUP (3¥P) or JUMP TO SUZROUTINE (JSB) fnstruction the page b % 3 H H i
. e ¢ Ko
sumber from the first byte and the page offset from the second byte of o H » 2 -
Yol & 3 3 N K
the fnstruction are loaded into the program counter during the execute X [ 3 ﬂ:‘ ? S
v > [ 3 o
phase. - Jo——rl {1 33
y N
Sl LHS UMD T0NIOECT INNEXED (JAD) ana tne JUN? INGIRZCT INCEXID ; 4 S
10 SUBROUTILE (JAS) fmstructions the page number is formed the same as - g : __‘: 1
an indexed register address (but only the bottcm 3 bits are used) and sx e BN _j
. |
the page offset is taken from the accumulator Ayre g > ? g 3
. Y 3 i g2y K~
o3 L] S=an
cattons: ]
" These two nstructions allow great addressing power but they also ’
. . . 3 CYevre ) i
Mave great dangers. ) ) . L;:- S ~hevA B
1. DOue to the indexing structure a JAI fnstructfon executed with L 171
RP3 set will e executed as a JAS instruction. :g‘\
2. Due to the subroutine return address storage system the address _‘J :r >rEeEn 3”*"""IC__.
. [
after & JAS fnstructfon will not be executed upon return from the sub- i
routine. . ;
. >
AN} dranching in the NP 1s done with the ckip instructions. The skip DN E?? ':
o
instruction causes two bytes of program to de skipped 1f the condition ‘ . > i l‘: y
. 3N 3
“Detng tested 13 trwe, . Lo
ot
- iEdasple: . ® seers =20 Ves O Vea=Va [J10 8w
R ’ ~3vers =2 vge NP 1 = GRCUND .
z:,g.::: - Instructfon . wrerevsr Rravesr 3O SNT CLK 8- Aasw Caocw Inbvp
. Araecyrr Reevecneied $ Tl T4K e
After the skip fnstruction [] SBS 3 Skip 1f accumulator Rwinn Sevocs Gare 5076 P ¢t D% .
’ (6 203 2c2 [
. bit 3 1s set ’ 2d e ocs e C°-~-~;_ /om’
~ Fine I/o0
Thts instruction {s executed -+ N+1 ‘}'}_, JMP EXIT (Jump instructions = B erpo
R {require two bytes b ke ol o
4f 81t 3 is zero W2 ) WP W ruclicn Peoceam o] P .. 2eehw
Acorsss ] Prs 27 0%
_This tnstruction fs executed + N+3 CBN 3 E}:t; accumylator Bes <0 F2 R (51— I/0 REAo/mttE Conrens
1€ 812 3 15 Set : ‘qng Pa7 " R and 5o T _
. : . ne 218 s Dl Bowee Sarr s
INSTRUCTION LISTING FORMAT s Kedd m2 O .
. . 6} Fave 233 [Jas.
. - PO 228 mss- 07 29
7] 2/ : 26 Pes Dars Bus
s8s b )N Dt Bue 1 g02 ashe
Operand(s) o o3 »h



INPUT/QUTPUT GROUY

i maos 0100 85 N
Input data from device #0S to accumulator
. OTA DS 0101 SBZ N
g: Output accumulator data to device 05
: OTR 0S, ROM DATA 1100 SN N
: Output RCM data to device #0S
R0M data fs the second byte of this {nstruction. CBN N
sk 00101
o Set direct control !R!.
Bit /K ' .t
ack J- 10101 .
Clear direct control ’ o )
Bit K
srs . 00011
Skip on direct control
Flag 49 Set (1)
23 0011 oes
Skip on direct control flag # zero {p) ’
a1t 10010000 |
Return from {nterrupt ; oep
An unconditicnal Jump to the location stored
in the interrupt stack register is performed. .
The interrupt contro) bit s not affected
RTE . 10110001 ClA )
Return from {nterrupt and enable {nterrupt :
Same as RTI instruction except that the
interrupt control bit is set allowing future CHA
{nterrupt.
T 01011111
NO Operation "
“3AL ’ 10019 LsA
Jump indirect (through accumulator) fndexed.
The page number is the indexed value (Z)V(R8)
The page offset is the accumulator )
; An uncondition juzp to the address formed from . RSA
T . the page number and page offset.
Cus 10011
Jump indirect {through accumulator) indexed to
subroutine. ses
Same as JAI with the addition that the location of the JAS
tnstruction Plus 2 1s stored fn the subroutine stack register SEZ
LOR
\\\, : -~
“\,}\-
‘\\“M"\(.__;m* VVVVV -

00010 N
Skip on accurulator bit #N Set (1)

0ov10- &
Skip on accumulator bit N zero (p) .
' o 00100 N
Set accumulator bit #N .

10100 N
Clear accumulator bit #N

° 00000000

Increment accumulator as an 8 bit binary number

The extend register is set 1f overflow occurs
00000001

}ncrement accumulator as two BCD code decimal

aumbers () ()

’ Carry between digits fs automatfcally handled.

The extend register 1s set if overflow occurs.

00000010 .

Decrement accumulator as an 8 bit bimry' m‘nber

The extend register s set {f underflow occurs.
00000011

Decrement accumulator as two BCD coded decimal digits, -

Borrow between digits is automatically handlcd.

The extend register is set §f underflow occurs.

00000100
Clear accumulator
Does pot affect the extend register
’ 000001013

Complement accumulator .
The accumulator 1s treated as an 8 bit binary
number and one's complement 1s performed. X
" 00000110

Left shift accumulator
1'bit shift with zero () i1}
- Does not affect extend register
i : 60000111
Right shift accumulator .
"1 bit shift with zero (9) f{11
Do.es not affect extend register .
00011111’
Skip on extend register set (1) -
0011111 :

Skip on extend register Zero (£)

RO4 Data MR R ERRRE)

Load accunulator with RO data
(ROK data 15 the second byte of this
" fnstruction).

NEVIILR TIVINITER vl

LOA R [ARN') |,
Load accumulator with data from register #2 . : ’
STA R [ARR] %
Store accunulator at register IR, '
w1 2 1Mo 7 .
Load accumulator with data from vegister i
addressed by (2)v(Rp) (See description of o
) . 1indexing . .
ST1 2 ‘ 1nn
Store accumulator at register addressed by
{z) v (R0) C ‘
STR R, ROM Data Y 1101 e
Store ROM data at Register #R ROM Data ., ’
ROM data fs the second byte of thic i
fnstruction .
COMPARATOR GROUP e
LT 00001001
Skip on accumulator less than RB. ’ .
SEQ 00001010
Skip on accumulator equal to RP. . ‘
sz o 00001011
‘ " skipon accumulator equal to zero (P). ’
‘S i © 00001100
s on accumvlator le;§___t)_\_a_£ orequal toRS. -
see B s © 00001101
Skip on accumulator 9rea;er than or equal to RP. / .
SNE 00001110
Skip on accumulator pot equal to RP, : :
P 00001111}
Skip on accumulator not equal to zero (0). ! B
PROGRAM CONTROL GROUP }
M ADDRESS : 1 Page Kumber, ,
Page Offset !
The address is broken into two section page i
number and page offset. !
The first byte contains operation code and % .
page number. '
T!ae second byte contafns the page offset. ‘ T N
. An unconditfonal jump to the address is perfnme‘@. Page mk .
958 ADDRESS 001 .
Page Offset " o
{See Jump for address format) :
An unconditfonal Jusp to the address {s perforned and
the address of tha next ROM l;’cat‘.en after the page
* offset 1; stored in the subroutine stack register. :
Note: Sfnce the subroutine stack register is a single ST
level deep, subroutines cannot be nested. -
KTs

10711000
Return from subroutine °

An unconditional Jump to the Tocation stored ia R
the subroutine stack register {s performed..
The location of the RTS fnstruction Plus 2 1s W “n




