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Dear Qustomar.,

Unfartunately we have discovered three errors n the
Construction Guide of which yeu sheuld te awares Plesse smend
¥our copy as fallows:-

The fourth paragraph betow "CONSTRUCTION®™ shopid te chenged
to readi—

neanu in the follawing secticne. Take M&b and MSh and
bend plhs 9 to 17 {LXCEB] BIN )12) out herizontal on both

RAMS . MOW £2Ke snsmsunnses

The second parazraph below the heading “EPRIM CURFENT DRAIN®
conteins two mistakess 1t skould read as fol{ows:i—

FIrsty cut the track + & & o+ o . . ' the
treack jolning Y25 pin 10 to ground.* Luzongel plp gopne of Uzs
fg Lhe asround rall zbeve it f{on the raar of fhe PLAL. Then,
cennect  Lz2o pin 10 te ULT pln 9 using s pieceE o &« & 4 .
* Thls pust te done prior to the Insertion of the IC = 1t

can stit} be cut §if tre rest af the LPREIF CURRENT [PAIN
modification is not carried out at this stage,

Goed luck wmith tha constructlion of Yodr MLIy and we wlsh you

every success wlth your future machine node programmings
Yours sincerelys

M.J«qj T@JQ/

far MICROBAUD BEIVELGPNMENTS.



DISCLAIMER

Anilst every effort has Deen made to ensure that this Machine Language Interface
will operate as indicated efficiently and property if constructed accurding to the
attached details, or purchased assembled, no responsibility will be accepted in
respect of failure for any reason at all of the aforesaid Interface to operate
effectively or a2t all due to amy fault in design or otherwise and no responsibility
is accepted for any damage caused by the Interface to any conmected equipment.
rurther, no responsitoiiity s accepted in respect of any injury or damage of any
kind ¢aused by any fault in the design, construction or otherwise of the Interface

as aforesaid.



BEMTCCHDUCTURS

CDan11 cuad Z-input KAND (U14,U27)

CD4D12 Dmal 4-input NAND {U22)

4013 tuwal p Flip-Flop (of, M13;

4017 Decoded Decimal Counter (U2, U3)

Crdg21 B-stage pavallel Input Shilt Register (U111, U1z}
Cp4023 Triple 3-input MAND (16, T17)

CDdi7E OCD to Decimal Decoder (1125, U266}

fDafad Hew Inverter {(U33)

o405z Differential d4-channel smaltiplewer (US)

C4DEa S-input MDD (U213 1

473 Toiple 3-inpuk AND (U18]

DA07e B-input HOR (UZM)

CD40E1 Caad Z-input AND (U15, U119}

CD409d 5-bit shift and Store Register (M, UGS, UG, U7, U9, [AR[4K
Co4507 for 40097 3-state Hex Buffer [1R28)

FM74085 {or 4I85) 4-bit Magnitude Comparator {(U23, 2]
6716 dwd CHUOS RA (Mda, M4, M3, MRD}

Jb-M—lmN-JFl_inl—lNMMNM—"M

2715 2Kl EPROM (H2) These nead to be pre-programed with at least
1 2732 AKxS EPROM [i13)  the WROM instraction. A suitable set is availabls
fram Microbaud Developmants.

1 21906 transistor
1 Mintarture red LED
1 1Man02 rectifier Alode

CEPACTTORS
1 1p0uF/1evid axial electrolytic
4 Q.1uF bypass capacitors (“redeaps”!

RESISTORS  (1/74W, 5%
13 te0x
1 487

MISCEIIANEATS
golder, spacers, auts, boita, eto.

CPTI{MAL. M~ PCWER SUPFLY

1 7205 requlator

2 [.1uF bypass capaciters (“redcaps”)
2 fudon? rectifier diodes

1 100uFy 16v% axial electrolytic

CCHSROCTION . |
pLn-A 4 o s et o

Tha first task is to drill the four mounting holes on the BCH, and, if
you intend using the ophional AC Power Supply, drill the mounting hole for
tha regulator. Next, fix the 16 pin DIF pivg onte one, gugd of the rilbon
cahle (this is done using a special clamping tecl or a bammsr[ll]).  Salder
the other end of the cable to the comector of an cld module, having first
removed and discarded the module PCB.  Ensure that pin 1 goes to v+, pin 16
to B4 etec. This lead is crucial to the whole MLI, 50 it woald b hest Lo
triple check the lead for continuwity and accuracy.

Start canstruction on the FCB by placing the resistors and dicdes into
position. Check the orientation of the dicdes and soldey these components
into the board. Mext solder in the IC sockets, noting that no gockets ara
requized for M1, 1/0 A, L/0 C and 'SPRRE, and the & pole DIF switch. 3If
you are pot using sockets be sure the ICs arc correctly ariented, and solder
the power =upply pins first, with the barrel of the soldering iron connected
ko the growund track of the PCH. W.B. DO NOT solder in the CMOS RAMs yet!
place the capacitors, transistory and LED inte the board, once again checking
the crientation, and solder these and the battery <lip to the poard.



IHTROLRTTON

Toe icrobaud Levelphents tMachine ILanguage Interface has two major
sectiong. Firstly, it provides ovp te SK of UPROL wiich can hodd routines
dedicated - to the KLI and routines which are frequently used and are best
¥ebt in a permanent form, such as COGE, DECGRE, an assenbler and
ailgassemzlar. : '

Secondly, the HMLI contains 4K of CHOS Al whick is totally independant
of the calculator's main memeory and is under your total’ controil. This
memory iz tveated as an applications Bl by the calsulator, and it is in
this area that you may write your own machine language fuctichs and routines.

There iz alse provision in the MLT for an extermal set of input/outout
ports, although thege are not fuily implementad on the board.

TICHNICAL CVERVTEW

The HR=J41C/0V uses nen it words to comnnnicate data and instructions
in a serial format hoth internally and wibh external devices such as
applications Ruls or the ®BLI. On the block diagram you can see that data
shifted out on the ISa line Irow the HMLI o the Hp-41 may come Srom the
EPROM ar the CHOS RAA (or the Input Port if it is implemented). One of
theze scurces is5 selected by the hddress Bus lines aBE{C—i).

During any given Sg-pit HP-41 nachine cycle, sixtesn bits of Roul
address informaticn is shifted ocut through the ISA line. They arrive at the
MLI ISA Input Shift Register which latches them. ISA Inable (frowm the
Control Signals Generator) gates this address onto the Address Bus. At this
stage ooRparators check to see if the address on the Pus matches aither the
E2RQi address or the RAll address. If either of thege addresses mateon,the
appropriate control signals {e.q BAROE, BORICT, TROMO*Y are asserted and
the ISAa Cutput Shift Register has the ten bit word on IOS(0~9) dumped into
it at the correct time, and this word is subsequently shifted out.

The HLI decodes a special instriction in order to write to tha CHOS
RRIL The instructicn is WEDWE (or WRITE 5, hex wode 040, and is & NOP in
the He-41 so that it does not affect the subseuent 56-bit machine cyole.
Lhen the wrirte has leen decoded, the data bits are used to determine the
Mote that the Dava Input Shift Pegister lazches the 'O register in the 4p-
41 CPU {met the user-level 'o' register) whenever the least significant bit
of C becomes DL}, thus the ten pit word loaded into BAMS is the lowest tan
bits of the ¢ register.

Each instructicn which arrives at the LT is first latched inte tha ISa
Input shift: Register, and then goes to the Coatrol Signals Generator via the
Addvess Bus AG{G-F). The WaDM instrectien is decoded in the Control Signals
Generator and the most significant bits of the Dawa Input Shift Asgister are
placed in the address 3us &B{0-F}, while the Data Lines DL{(-3) are gated to
the PAMN inpues. When both RERD and RAMCE* arc low {i.a. READ is not asser
ted and RAMCE* is asserted), the ten bhit word on the pData Line LCId 05}
is written into the RaM.

FARTS LIST

1 B "Microbaud Developments Macine Langquage Interface", 245x125mm

case, 250x145x30mm, =.q. custom-built marviplare gteesl box available from
Microbaud pevelopments

6 pin DIL plug

& pole PIP switch

battery holder {4xfAd Nicd or 3xah Alkaline)

battery <lip (to swit battery holder)

length 16 core ribbon cable, about 350m

old HE module

—

CF R e e

BOCKETS {if required)

4 24 pin DIL

189 16 pin DIL.  {note that ak least 2 24 pin and
12 14 pin DIL 1 16 pin socket is reguired)



At this stage it is good practice to wvisually check your soldering,
cleaning away bLlebs and strands of solder which may short tracks, onee the
board has been cleaned and checked, 3ll the g excect the CUOS PAMs may be
plugged into their sockets. Ensuring thet a suitable set of EPROHS hag ween
plugged into the board, disable the RAM by switching the RAM Enable switch
(AMD the XBRC switch} to 'off', plug the rihbon cable inro I/0 8 and a
calculator and press 'ON'. Ixecute a CAT 2 and you should see the ERRCH
functions displayed. Try assigning 'CODE' to a key. place the following
string loto ALPHA: " 10414243444546™ XbY “CODE" {or press your assigned
kay. If "ABCEEF" apoears in the X-register everything is fine.

The next step is to solder a piece of thin wire {wire Wrap wire is
recommended} between'pin 15 of I/0 C and the hole at the top right of the
'L} EPROM. Mow comes the tricky part! We have four RAMs which we will call
M4a, Md4b, MSa and 15b. It may be best to tag the RAMs so that you don't get
too confused in the following section. Take Mab and MSh and’bend pins 9 to
17 cut horizontal on both RAMs. Mow take Mab and 'carefully berd pins 9, 10,
11, 13, 15 and 17 right up out of the way. Do the same to pins 10, 13, 14,
15, 16 and 17 of Msb. Place M4b on top of Mda piggy-back style and solder
the remaining unbent pins aof !44b to the corresponding pins directly below on
ch4a. Give MSa and MEb the same treatment. How Plug the M4 and M5 RAM gets
inte their appropriate sockets (or solder them ints the board).

Pin 16 of M4b should be overlapping pin 9 of MEb, as should rin 14 of
Mab with pin 11 of Msh. Solder these two sets of overlapping ping so that
there are two 'bridges' between the two RAM sets., Solder a piece of wire to
each 'bridge’ and comnect obe to each of the two adjacent holes on the right
side of I/0 B- The order in which they are comnected is not important.

Switch the RAM Address swibtches o 80CG0, that is RAl o, RA1, RAZ and
Rh3 off. To zero the ertire RAM memary SpEce YOu may use either of two
methods _

1} With "OK" in the ArPHA reglstar (a precauticon amainst accidental

clearing), run 'CLRYM' in the Microbaud EFROM, or

2] Rim *ZR' from Appendix 2  with start address 000 and end addeess

8rFFr.

Now switch REN (RAM Enabla)l on [leave xASC off) and set up-a null FPunction
Address Table using "Tha ROM Rhdress Space" in Appendix 1 as a gquide. You
may like to give your pseudo-ROM RAM a name which will appear first in the
CAT 2 listing. BAn example of this is also found in Appandix 1. You can now
write, load and run your own machine language routines| To try out the MLT
you may like to icad some of the machina language routines which appear in
Appandix 2.

EPRCM CIRKERT DRATN

Some brands of EPROM we have tried draw excessive amounts of current
even when switched off - they have a very low ilmpedance TFE input which is
high éven when the MIT is wnplngged, and so sinks about SomA. Trpically
your HLT should draw arcund 00us when unplugged. I you hsve an axcessive
cwrrent drain it can be fixed using the dirsctions below.

Firat, cut the track coming from the rpad at the top right of the 'v)
EPROM. Connect the EPROM side of the cut track to the perimeter ground
track using a piece of insulated wire. Next, cuf three tracks, these being
the track to the lower {cathode) lead of the IED, the track jeining UZ8 pin
1 to +5V (on the rear of the PCE) an the track joining U28 pin 1) to
ground¥ Then, connect U298 pin 10 to pin 8 using a piece of thin wire.
This is best done by joining the two pads on the rear of the BUB. Connect
T8 pin 9 w the lower lead of the LX) in the szame way. Check to gee that
the IPROMS are still working normally.



AFPEIDIZ i

mhe MY Address s,gace and The Function Address Table

RAM ROM
Ram : Rom
IFF Address FFFF =T Address
Limit Pore 5 Limit
5
X HEMORY -
#4 g
[w]
£ £000 =
DFFF =
Port &
' &
I ——=
- ol
CE R
CO00 =
BFFF o
: Port &
X MEMORY -
L
#1 f2 3
AQQ0 =
IFFF =
Port &
==
AN
1EF Top of Data l T JFFF Mass Stor./| _-
=
eo . I 7000 HPIL Fcns. E
18F [T R =2 6FFF ; =
z : Princer =
180 g 6000 | (01d/New) L
17F L=y EFFF Ti
PROGRAM REGS. 'me
1540 B 5000 Module
13F 4FFF Diagnestic
100 K000 Modula
QOFF L LENDw _ _ T 3FFF : ] ) :
t
QLo I Key Assignments & 3000 E fldse !
= 2FFF ‘[‘
XFM  RAM % HP 4]
4G 2000 "
‘ | T
E Unoccup ied ; Operating | £
g0
DOF 1o o
Status Registers System L
Qog : b ooa0Q

l<_.5& aits-—-{ le1o Bits —

ROM and RAM are separate entities, mu;ual]y exclusive.
RAM |s addressed by 10-bit addressas for each 56-hlt register (000 to 3FF}.
ROM 1s addressed by l6-bit addresses for each 10-bit ROM word {0000 to FFFF).




Ralative

Addrass Function
X000 LROM Number
X001 Mumber of functions in the cataleg (including module
nams)
002, Address of ROM module name
X003
X0od , Address of first program
xoog
X006, Address of second program
L0007
X080, Address of 63rd program (if used)
X081

Hext 2 bytes 2 Nulls (000, Qoo)
after lasr addr

Addr. of Name of ROM {11 characters max i mum )

ROH name

Addr. of Function #1

Fem. #1%

Addr. of Function #2

Fen, #Z

LFFL to Special interrupt Jump lecations

XFFA .

XFF2 to ROM Name abbreviation and revision ({i.a. CRID, WDIE)
XFFE

XFFF 8-bit checksum (for diagnostic medule use)



B rograe

. Criryter
i 2 _[56) ] - Pr_{iG] Subr
-r Stack
: b=l aya]
C ET ||
T RAM i
RECISTERS —
——-.-_‘i £ {56]’ 1—.-._._. T ,I"‘suw;“ 5T ”frlgi":
r i 1 1 of Flag-fet FtY set: Prom running
F12 arts Frivace Frgm
L) T8 ""Tene™ FII $wt: Stach LIFe Ennbl.
I M 15E) j ! ne FIO set: Prgm Pir, |nm ADH
s —3 e [T ey
L H_{56) ] -

3
@ e tl.‘r[}= Et (14]] "erleharal Flage®
or "Flag Mn"
F Q Fonditfon

Palntar or Larry
Reglstera

HF41 CPY Raglsters,

Arrows Indicare nogslble naths of data Flow,
In the main rag

- Hore that the © regletas
Fater Ehrough which Frfoemstlon passes bathern kAN . " =glxtar (56 bits long)

nd [P, as weil ma most CPL reqizrers,

Elek: 55 5350 RALY ALy 4033 3635 %29 2677 I 2010615 1311 8§ 7 L3 0
Hybble or
Dlgitd: bl wloa B FRN A 5 A 1)z 1 G

M5 e H i FERSe o AP

B L LT, NP -1} —
K Y =]
Fleld: EIEEEE_S._._ Bits:
HS {Hantlssa Sign) 15 52-55 R Selected gabnter {P or Q)
H {MKant|ssa) 3-12 12-51 BR At Nybble polntad to by R
X5 (Exponent Signl 2 g-11 ) From #ybhis O up to nybble -
A oor XP LExpanent]) -1 O-7 P-q From Peh nybble to Qed nybl
ADA {Address) 3-6 k2-27 BRi+ AL nybble A and R+}
5eX (Exp. & Exp. Slgn)  0-2 a-11 LOBR,~ Load at nybble M and decre:.
ALL [Entire Rogister] b=-13 0-55 SLET P, 3elect which pointer s ar
SLLT 0

.56 - BIT REGISTER FIELNS AND POINMTERS M THE WPGl IRSTAUCTION SET. (5. JpcobSs moemoni.



The RAM name which appears first in the CAT o listing is

simply a function name followed by a return, placed any-where in the
in the RAM, However, the name must be the firet Tuncton'

listed in the Function Address Table. Also note that all the

function names are listed in reverse, as shown in this sample
FAT and the Wand listing excerpt,

A Sample AT

4098 913 XROM 139
f9B1 BaF 13 FUHCTIOHS

BEIZ #0) A Sample RAM Name

8907 856  89: 168 -NILROBAUD- —

8964 399

§895 992 81: 3892 (SST

§995 5a;

S067 814 @7 3114 LEFT

R385 14

3099 25 83: 8125 GO0sE

BO0R 831

SEB B2 84 B1EF 41 8160 ARD - -

0 59 5 50 RESETFL 161 aa4 -n-

E o o 81 RES 8162 @1s -y~
_ 2163 @aal ~[-

8OOF 872 86: $172 TPR S164 Dos .ol

311 882 @7: £123 THY ; SO

12 ool 8166 @iz R

€167 B@3 -~

A1 EOE - B15E 168 GEg -1
385 002 99: 102 "DEWG a159 aon oM
16 el 8168 3E® RTH
8917 6E6 {8 316 UPIFRT

3843 262

219 622 11: 5222 "HIR

%1A 262

BB18 842 12: 8242 "VER?

BALL B2

8910 885 13- 824D CFY

9BIE 962

B8IF @92 14: 5292 &¢%

2929 &80 .

ga21 489



¥A0M Machine-Code Function-Name Wordsg:

EQBSE?BEESBQB3SZB13D
i

% T R
L Characters Q0 to 4F of CPU daca tabla

_fG if word is not the last character in name
Ll if word i1s the last character in the name

{Related to how many prompts should sccur after the name
[ (For system functions)

1 2 3 4 % & 7 8 % A B € D E F
swole 4 B ¢ D £ F € H I J K L M N
oilp @ = s T w v w x Y z [ N 1 & _
o2 " # § 2 & ' <= T * 4+ % - IO /
o3sla 1 2 3 & 5 & 7 8 9 @B ., L = = 72
Q41— a b C d e — T F X XN = H o Z A

CPU Data Table for
Mon—last Cheractars of
Macnine Code Function Names

{For last charactar, add 0B0 hex teo the code in the above tableJ

¥uoM User-Code Function Hames:

1f the program in question is user code, then the two words point-
ing to the program's address poimnt to the first word in the program,
which continues forward from that point. (This first inmstruction in the
program would be an ALPHA label.) The two words previous to the pointed
address mav contain information related ro the program's size for copying
purposes, if this label is line 01 of the program.

Example: addr. Code: Function: Addr. Codex Function:
00D OBE 406 057 u
OGE 204 t} sddr. 402 407 O4E H
oQF g0z for fcn, 408 Ohd D
409 054 T
. - 404 052 5
400 09 9 Regs to copy 408 Q54 T
401 220 4008 149C F1X
- 402 icz LEL 400 {144 4]
403 a0l 40E 14 XROM
404 OF 7 T 40F Gcs 27,05 (WNDSC

405 oo . . .



APPEMNDIY 2

This appendix coptains 50me routines which are usafyl examples of
machire language rfrogramaing, ins applications, speed and operaticn. The
following is a briel description of gach routine listed later in tkhis
secticn. We nave included a smattering of various wmihods of operation (ifor
exanple immediate execute, programmable and non-programmable functions) .

CEST - continuous single step. This routipe is non-programmable and

+1

”+1.R“

RESETEFL

e

T

EDFAT

when exocuted it coptimiosly single-steps through the current
nrogram, keginning at the current line., Iz flag 0 is set, CEET
will step backwards, or this can be effected whilie you are
stepping by pressig the 'ON' key. The 'O¥' key toggles the
stepping dirvection forwards or hbackwards. Fach key apart froia
10" and the hackarrow [which exits the program} alsc has a
stapping speed associated with it, moving down each column with
£+ being the fastest down to RS, then REFHA, PR and fin=ily
USER being the slowest.

These three youtines are used by the user-level program "DEHC".
1EFT rotates the display left by one character, GOOSE places a
laft-facing goose iun the display and SF50 sets tlag &0
{surprise, surprisel}, the messags fiag.

Thiz user-level program shows some of the somewnat unusual
{even in the realma of syntheticsi} things which may be
schieved using machine langquage. Funning "DEMO yields a ‘lefif-
facing gouse flying right to lefr (ainus the Wickes goose
dropping). Local labels 16 to 14 have the following results:

151 10 - left goose flieg left

15, 11 - ALPHA register rotates lelT

111 12 = right goose flies eft

155 73 - left goose flies right

IEL 14 - right gocse flies right (as 15 normal)

Thiz is an extremely simple routine which adds up by ones in
macnine language. Use it to impress your friecds when compared
to “+1F" run for the samc length of time!

Am Sor 's1', but in aser code. Much, mich slower!

Pesets flags to MENORY LOST status except flag 27 (USZR) and
flag 31 [TIME module DMY) are noth set.

prompting tone. This routine prompts for a F-digit number and
sxcutes the corresponding TCME. This is not programmable.

Tone from X L programmable funticn the same as “IN"  1in the
R FoM.

This updates the Function Midress Table wihen new rourines are
inserved. Xev the address cf the now function {that is the
address of the first executable word in the routine) inte
ALDHA, ewecute 'CODE', executs 'UPDFAT. The FAT is updated by
incrementing the number of functions and adding the routine
adfress to the end of the FAT- If you had just keyed in the
toutine "M at addresses 3140 to 8157, then to incorpoxate
this routine in the FAT, type:
. "5183", XED "OODE', XID "UPDERD™

"UERZY - This routina returns the currenht mainframe ROM revisicons.

CFR

SFX

- Clears the flag given by the value in X which can range Lrom

Al to 85,

- Sets the flag specified by the mumber in the X-register. as

for CF¥, tnis can be any flag in the system.



ABSE B4 -T-

§83F Aty -5

pE%e a3 “5-

3891 843 (-

BASZ G@W NOF

8833 220

BEH BAZ PHCRE 2030
BO9% 34C TFSET 12
8836 2110

3497 887 ICRD 2134
5A92 ASA (=4 N

8893 95C R= 4
HA%q 836 LOER |

8898 179 PUSH RIR
B9 823 MC Bado 4
B8SD 3F5 READ L5de)
BASE 361

18% BAE PHCRE 25CH
8808 304 ST=8

BAR1 164 CLRF 8

12 186 A=C SEX
BEA3 886 B=R S&X
B 1C3

SRS Bl4 THCHQ 457)
BaRG a4t £-9 ALL
B7 136 LDT Sk
I8AE WL

BRAY 1BC RLR 11

PRA TBE A=C ALL
BAOB 1B@ POP GRR
8N 178 PUSH HIR
3HAB 138 LDI s
BRAE ALF

B0RF 3LC 2KEY

GRBA B57 UC 0% +13
#OB1 266 C=C-1 5k
38B2 JEB JNT SanF -93
5883 278 C=C-{ n
8B4 JCE MC 34AD0 -47
5883 383 RERD 1414
§8B5 IFE C=Ct[ M5
B8E? 337 JC §89D -14
BeEs 149

90B% 8R4 2WCHR 2952
B8RA 3F3 RERD (5<e)
2063 144 CLRF &
BBBC 2E6 9 33X
2883 ZED

BUBE 9A9 CXQ 26F7
HBEF &)

89C8 98C RCRQ 23317
BRC1 3FG REAY {3¢e)
B2 226 (=C#i Se¥
88C3 14C 7F5ET &
3904 BL3 JHC 3ace +a2
9005 45 (=8 S1x
3906 JEB WRIT [S(el
B8C7 2(E .MC 8apa -27
SACH 229 C=NEY KY
#909 370 2R=C N

S9CA 87F JC §8DY +oF
B8CB 139 LDI S&X
L 308

HED 308 CLRKEY

WCE 3CC 2KEY

1Y TIR

88D w42 OHCGT Bac?
8801 266 C=(-1 SkX
582 0B JHC daCD -85
603 181

8004 879 NCRR [f6s
260% 930

fone 261

2807 B89 ONCXE 9E93
BBD8 277 UNC 24M6 -3
8887 11A 4=r #

380A BIC k= ]

2908 1E2 [=C+ &R
881C 127 JC 8189 +24
BBDB B5A C=9 N

BADE B5C R= 4

2HDF B3R [Hag |

AAEA 1DR A=R-C N

BBED F1R TACC N

BBEZ 823 UM FBEE +44
8L BBA AOXE N

20E4 176 PYSH RER
8AED 388 JNC §AD6 -aF
HBte 219 LDAR g

SREY 1DR 4=Pp-C M
BBES 714 (LN

S8ED 307 N 98EZ -9
48ER A5C R= 4

BAER {18 L8R 4

3GEC A9 LD=R 4

BOED 1D A=4-C M

#BEE A3C R= 4

8AEF 959 | Faf ¢

88FB 31A M<E N

B6F1 D18 JHL 4AF4 443
8AF2 BBA A H

I8F3 A58 HL BAFC +ap
S4F4 FDR A=A-L M

8ar: IIA R ¥

80F6 RIB JNC GBFY +83
S8F7 98A ACHC N

G0FE 820 NG 33T +95
B8F9 B5C B= 4

36FR 892 A= R

BAFE 48R &0 M

S8FC IFB C=CsC

S8F) IFR {=04T N

BOFE 1FA C=C+l ¥

BAFF 378 JNC SBE4 -18
8189 388 READ 1d4<d)
8181 2FC RCR 13

8162 30§ COOST wp
3193 @0C ?F5ET 3

8184 B1B JNC 8197 +83
8183 884 CLRF 3

8106 813 JNC 3108 +§2
8167 4e8 £ETF 3

8199 308 COST ¥p
8189 330 ACR 1

8190 IA8 WRIT 14(d>
8148 171

B1AC B1C NCHG 8250
818D Z4B MNC 8436 -37
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BI34 3F3 MC €132 -a2
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213 AE9
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3138 35C R= 12
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8130 JEB JNC 2139 -93
813D AAE ROXC ALL
213k BE8 WRIT 3¢
813F 308 TLRKEY
8148 3CC MEY
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9142 3E6 RTH
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gl7d %A Hop
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194 38D
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Other souarces of information

This Machine Ianguage Interface is bhased upon the Mackins Language
Development Iaboratory desiqned by Iymm A, Wilkins {(7344). This desiqn was
published in the PPC Calculator Journal v § N 3. This article gives more
details on the comstruction of the MINT, although this is intended for use
with & wire-wrapped board, as opposed to the printed wiring boavd type of
construction used for the MLI.

The available literature on the subject of microcods, is very exten-
siva, but almest inaccessible cutside the major programmable calculator user
group in the worxld, PPC. This group was formed in 1974 when the first
handheld programable caleulator, the HB=a5, was released by Hewlett-backard.
It was then known as the §5 User's club, changed its name to the PEC Club in
1978, and was incorporated in 1{9g2. AmMOngSt a wide range of other
activities, it publishes what was originally called 85 Notes, but became the
PPC Calculator Jourmal.  There was no information on microcode {the name
originally given hy HR to the various assembly language, cor machine codes of
their generations of hand held caleulators, both programmable and non-
programmable} cutside of the pages of the PPC Journal (and the 35 Notes),
kil t920. The Malbowne Chapter of ths PRC (fGub, PEC HMeibourne, started
the publicaticon of its own user's publication, PPC Technical Notas, in 1379,
and has printing information on the subject from 1980 om.

The PPC Jowrnal is awvailable anly to members of the PRC Club, at an
annual subscription which varies around the world. For a sample copy, and
membership application forms, write to:

PPC, 2545 West Camden place, Santa Ana, California, OuS.A. 52704,
enclosing an A4 sized self-addressed stamped envelope (two cunces, airmail,
or Internatjonzl stamp vouchers for the appropriate amcunt). The sawe
material is available from ppC telbournae. :

Subscriptions to PPC Technical Notes are A320 amnually, and back issues
are available at A$10 per set, plus postage. (Alrmail rates on back issuss
run to well over A310, depending on the destination.) Send Bank Cheques or
motey orders, made payable o DPC Malbowmrme, bto:

F-M. Eadesa, Box 15, BHaopisn, Vichtoria, Austrailia 3182

Only the esgential references are given here. For fuorther reading
relating to the subject, see back issues of the ppo Journal, and ppC Tech-
nical Wotes. Anyone wanting to program in the HP-410/cV microceode should
have a good grasp of the operating system of that machine. Suitable texts
are:

Wickes, W.C. Synthetic Programming oo the HR-47c,
(Larken Puplications, 4517 WW Dueans hve., Corvallis, oregon, UeS.Ae

97330.)

Jarett, K. HP-41 Synthatic Programming Made Easy. .
{SYNTHETIN, 1540 Mathaws Ave., Manhattan Beach, California, .5.4.,
HI266-)

beding, J-0. & Fond de la ¥p-41c. {In French.)
{I-D. Dodin, 77 B du Cagire, 31100 Toulouse, France.}

The latter is (tp date) the only publication to give an elementary
introduction to the operating system of the HP-4le, and ta the subject of
synthetic programming, a knowledge of which is essential to serious
microcods work, sutsidas the walls of Hewlett—Packard.
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CONTROL SIGNALS GENERATOR

{After EPROM Power Supply modifications. )
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[ HP-41 MACHINE LANGUAGE DEVELOPMERT LAR - MLDL J

INTRODUCTEDN T0 THE MLOL

I built the Machine Language [evelopment Lab for a toy
go that I eould play with khe inner language of the
Mp-4l. wWhen it tuorned out that other members of FPC
alea wanted to toy Wwith the calculator's ionner aecrets
(surprise, surprisel} I decided tg releas: the dazigon
far aoncomarciel wse, The introduction of EPROM boxes
alse spured the HLDL projeck. Some PEC2TH will want
their wery own fachime code in EFACM, But it ia very
diffienlt to davelop machine code without a reasonalle
way to test lt. The MLDL is amall. It in peortable.

It iz easy to wae. And it Allows the immediate teatiog
alf machine language coda.

There are gther, more powerful, waya to develop code,
ror instance, Paal Lind (6157 us=A a micro-rompubter
and a dual port RAM card, The computer sees the
ghared RBM = & pair of 1/0 ports. The lUP=4]1 sp=s the

PRT Caiculator Jourmal

MRM 45 1T 1§ wore o WOM wodule,  Faul can usn ali Lne
goder of nig computer to design code Eoc the HE-41.
Her has en editar, aszembler, disk storage, Lraue

Toubtines, ... the woerks. (A packoge of schematace is
awailonlu Eor a rowinal foe. TFor the detalls sond
a2 SASE Lo ranl ofa Pugot Sound Progoaming, 1.0, GoX

nhad, Spakkle W BAI0S;

rhe MLDL prevades throe Eunctions. Thar 13 an EFRGR
arcay ko atore the apecial fuketicons usaful en the
wpal, There is an [A0 port which 15 wo be uscd wlth
an EPROM programmer.  And there is o CMOS memoby array,
The CHMOS array 1s called ROME for BOM Eﬁparjmnntal‘
FIME im whers machite code cap be Ioaded and tested.

The 4¥ worda of EPROM in the currant design are
adaguate for a small assambler and supporl functions.
Moras ERROM could be added. 16E total would ba no
problem. Bot the comoercial ECBOM hoxas ace probably
more convanienk.

Tha 1/0 port may prove to be annecessary when momeana
starts salling an EFFOH programmey that runa on theo
HpP-TL, Don Robingon (802311 tells me that he has auch
a device. HAlao, there may be some usnrd who will run
thoir code from the MLOL, They may newar make hard
copies in EFDCM.

rhe 4K words of BOME is a lot., Moat machine cada
toutines will be one hupdeed to two bundred word® long.
There i reom for a lot of programipg in four thousatd
wiords [ B

The MLDL is a convaAnient, ipaxpeoslve tool to halp
write and test HP-41 Machine Language code. There is
probably ooly a handful af PPC members outside af HP
who have beep alle Lo run their cwn sachine cude. Well,
how i5 your chanco too.

: ~CODE, OF M=

Lat me ldentify the three types of code used in the
HP~41.

« USER CODE
» TRANSLATED USKEER CODE
m MWACHTHE COGDE

Teer Code is what HE depcribes it the HE=-41C/0Y user
manual. It is the code that sane, ratlonal, ordinary
colrulalor JFgrs uge, User Code W@ill catigify 99t of
peer needs. Synthetic Programmlng, aince it has been
acceptad by WF, is User Coda that will satisfy anctherc
.9t of usar needs. UFser Code ig good, weniul econff.

Teanalated TUeer Code iz one kype <f code usable in
ROMs abd EPROMs. T-Uede iz Usar Code which nasg been
modified to Eitk the ten hit AOM word format., The PFC
FOM was initially User Code. It was part of HB'a
parvice when producing the cusatom FOM to provide the
modification. T—iiode can be identified as ROM code
whioh sabn be COPYsd inte user MEMOIY.

Machine Code is the other type of code usable in ROMs
and EPROMs., Machine Code is the native labguage of
the mipko—pIocessor used within the HP-410/0W.  The
coda i wot_praperly called micrko—code. Micro-code or
‘micro-p ramme® lg a seguence ol oparations ased co
control tﬁgt part of a computing ".,.machine which
supplies the pulees for operating the gates agaaCciakted
with the grithemiteal apd conkrol regiatera,” (M7,
Wilkesz, The pest Hay To Deaign An Automatle Caleulating
Machine,T Calling Machine EE%E Tmicro-code” 1z wromg.
Eut almpst everybody does it, I shall use the
compromise term M-Code.

DERST. H o

thiz is a 'broad brusht Asacription of how the MLOL
works, just as the Block Dlagram is a large scale
plotura. Details of the individual blocks are given
in the BUILODTHG AND CHECE-OUT meckisn wf this arkicle.
The nacessary background to ungerstand the MLOL/HP =L
interface is in two PPC Journmal artieles, Dehromse’
PBEC ¥7IHI and MoClellan'sz FPC VENWE.

Tt it all wery simple. The purpose af the logic= chipe
is to ghift out the proper bhita at the proper time.

The ten blt M-Code words which are shifted out the IEA
1ime to the HP=41l origionaste in the EFRLM, HOME, or iLhe
Input Fort. The Address Bue linaa Af{C-F) determine
which iz pelecred. During a machine cyole sixteen bitx
of ROM address ke ahifred out of the HP-41 on Lhe ISA
line. The Isa Imput Shift Register takes ik bhe
address hits and latghesz them. I3A ENARLFR gates the
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captured address onlo the Add-ess Hus, Comparator
rircuite in the Conteoal Sighale Generator lowk for a
mateh with either the HPEOM sddreas, the RIME alddress,
or the Inpwt Port addreps. TFf a makeh is detected obe
nf the control signals EAMOE, PROMOT, or PORTO™ is
asaerted and at the proper time the Isa Output Shift
Fegister iF loaged with the ten bit M-Code which i= an
105 {3-%), Then the word i shifted owk. The acurce
ol the M=Code is ensbled by the continl signala RAMCEY
hibed with READ, or FROMOE, ox PORTOY.

It ia pbviousa how the ten bit Machine Code words get
into the EPROM and the Input Pert. The OOME lan't #o
obvipus, The ROME iz loaded in respooss o a Bpeclal
wRITE 5&% lmotrurktion, 040, The lnatruckion is a HOP
to khe HF=41 Bo it deoes oothlng during the following
machine &yele, The MLOL interprets the lnebroction
and nseas the DATA bhity ax & aouree of eddress and code
word., The MLODL writes the code word at the addreess,
The T register ouk of the HF=dl CPU ifs repesatedly
latehed ints the Data Inpuwt Shift Register. 1t is
latched at the phase where the least significant bit
af ¢ becomes DLA. ‘Thus the lowest ten kit of O become
the ten bik word loaded into the ROME. Evary
instrwction aut of the HP=41 is istched into the Isa
Input 3hift Register and sent via the Address Bus
AT({E=F) kg the Control Signals Generator. The WwRITE
cgx is decodad apd the most sigrificant bits of the
Meta Input Shift Register are gaked anko the Address
Bus ABIG-F). DOata Linea DL[0=%) are slao gated to the
BOME inputs. RBAD iz bot apaerted, a write, and when
FAMCE* it assaerted the Fen bilt word on DLID-9) is
wrltten inko the RIME.

EULLDING AND CHECE=-LOT

It i5 not difficule to build the HLUL. The builder
ghould have scme experience conatruckting slectronic
projecta.  If you akntend to bulld Ehe MLOL youreslf,
"parfboard,’ 'wire wrap,' and "bypass vap' should ba
Eamaliar ferma, If you den'# khow which aide of an IC
a5 up, find Fsomebody who does. A Familiarity with
digital legic will almoet guarantes & working MLDL.
MoBk of kEhe ICs uwsed are detailed in the ROA SOS/HOS
Inteograted Circuits Data Book, 550-2508. The details
may also ke in data books From other IC manufackturers.

Let's establiah spme ground rules. ICB are identified
Ly the [ numbey or gensric part number, For example,
Cl6 13 s 4023, Particular I pins are identifie=d b
appending the pln nwnber to bhe associated I oooober.
Pins 2 and 4 of D16 arve called owt ae Ul6-2,4d. Signal
tamed are ln capital letters, For example, ISA oo
FROMO* ., The assoziatod funetiom is logically assocked
wheh the signal wvoltage is high. But, 1f +he name is
follemwed by the asterlsk the functiom i= asserted when
the signal woltage is low. FROMDY im asserted when
Cle-1d i a low wolEage. For a elgnal group I may uae
the ahork notation A6 or ARIQD-F1 lnstead of RED thrn
ARF.

Tie MLDL Was dedighed Eor eady modular conetruckion.
an gacllloscoper will facilleste check-out, bubk should
oot he nocessary. A simple logic probe will suffice
junless yon've reslly got your wlres croezed.) The
lnstruetions proceed in sectionms, Each section will
£all far the wiring and check—-out of a modolar block
of cirgpiks. The check-gut also goes ipto the 'how
and why' of sach block's operation. EBecause aome LCs
are need in more than one bicck not all ehe inputs to
the IC will be wired. For example, 013 is wead in ths
13a Cutput Shifk Register and the Control Signals
GEnéaratore, Wire the unuxed inputeE &F all ICE to
ground. T use a contrasting wire color for this, It
helpx in f:in_ding tho inputs later, Inatall only the
Iy which are wired. Fraceoding block-by-kloek will
help rcatch miswlires before they are hopelessly baried.
The approach alsc provides positlwve (I hope)
reinfercenent and confidance,

Each section calls for:

1. organizing the parts layout,

7. Wiring the cirruits togather as shown ob the
schematic. )

1. nouble chackinyg the wiring. Maks sure the
unpsed inputs are bled lew.,

4. installing the ICs, )

5. Verifying the black's operation.

Steps L and 5 are thrn thinking steps. The stops
Leiween demand care and attontion, The soal likely
problems will e miswires mr shocota, The nexk mopt
Likely problem ia a misurderstandiag of how a Slock =
supposed to operate. The blook may work perfectly but
vou might think otherwise, Talk it ovar with a friebd,
The laat thing ko aesumn in bad parkta, I do know how
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vary frustrating it can e to soacch put the cawBes of
prablams. I syopathize with your difficuelty when the
verify step deesn't, but it ik jmpractleal for me to
pergcnalily aid you, Do ot call me. Youw are oo yeur
awn. I would apprecinte & letter describing in detail
any problem you may have whan buildibg the MLEL. I
will keep a tecoré of dueh problems and if comuon i
problese develop I will try ta aa@sess the causes and
publish fixea. I would also like to read about your
DoESEeE ,

Gection 1, The Plug. The plug which connects the HE-41
trn tha MLDL is vitel to the success of the project. The
Finlshed conmector/cable sssemb:ly muet be rugged. You
will be plugging and unplwgging the MLOL often. I
recomnend abd ald memory module which can be openad at
the zeam, Tnsclder and throw owt the cirveuit board.
Use ribban cable o aingle wires to coanact to the
MLDL. I recommand & DIP plug at the MLDL end, I uaed
a pixteen pin plug intu a wire wrap socket on the
protokype. The socket had the following pin outs.

v+ 1 16| B4
W |2 15| 81
GHD 3 laf Pwic
1 13
5 1z
DRTH | & 11] il
IGh |7 10| SYHT
@2 H 7|11

Tha length of the cable is impartant, Don't try to
compete with Ha Bell. Pe warned that the lenger the
wires the more Jikely will be elactro—static caunasd
crashes. The HE=-4ls that hawe been used with the
prototype MLDL had no trouble driving eighteen inches
of wire, The verification of this saction ia to dowble
check the wiring for cantinuity and machpnical
integrity, Be sure to identify the wires at the MLOL
and. Glwe the wemory module hack together and aet the
cable apEembkly aFide.

tootion 2. The ROME battexy and the EPACM power
switch. oODRS AR BNDS shows a hatbery and diode
circuit. The hatteries are there to onintain the CHOS
mamoary while the MLDL is pot connected to the
caleulator. Threa AA cells should keep the MLEL aliwe
for the ghelf life of the batteries, Heplace them
whet the total woltege to the memoriea dropa to 2,1
wilts. The 100 micro-farad capacitor will sapply

the MLDL while you chabge the batterles, Just Son't
take all day. The Control Signals Generator shows a
VPS control circwit compriging a ZH3IS06 transistor, a
red light-emitting-dicdes apd the L0 micro-farad
capacitor, PSS 1s the power for the EFROME. The
tranuistor i%x the xswitch which tuen® the VPS on far
the time that the PPROMs are used.  Because YBE iz om
for only one phase time, speaded wp HF-4ls may not work
Wwith the MLDL, Without the awltch the EPRCME would
consume hundreds of milli-amps and owvarload the
calculator's power swpply, The red LED provides a
certain voltage dreap which helps match Lhe ouwbput
rolitage/ourrent characteristic of the CMOS gate, T17,
with the drive regquirements of the 2MN3I%0E. Aoy pimple
red LED will work, I used a MWS0 type. By the way,
don't axpect to see the LED light whenewar the EFROM
iz acceszed. If it does light, something is wrong.
The bBattery and VES pantbal cikrcuies are simple enough
t verify Ly simply checking the coptinolty, cheskiog
the Alsde polarlity, and checking the emlitter-bhape=
colleckar connectiona on the tranelestcor.

Saction 3. 'Tha Phase {ounter, Recall that the HP-4]
ukey a Eifty-3ix phase machinge cycle, The Phase
Counter maintains synehroaniam betweern the MLDL and +he
HF~-41. For erxample, AWDing the cutput of the Tena
Counk&r CT5, U3=1, with the output of the Unitse
Counker CUL, DX-10, yenerates a pulse in aynch with
the: £lEFty-fourth phase, The pulse la weed ko resel
the Fhase Couanter whenevar a SYNC i missing. The
HE-41 generates m 5YNC only when fetching a maM
instructlon opoedes, SYHAC is suppressed when the HE=41
fatches &an Immediate operand pr edecuteE A FETLH SEX.
The last falling edge of SYNC resets the phaxe countes
and foroed synehronism with the caleulator, Hobe that
the phase nuwbers wsed i tle MLODL are ghifted from
thoee usad in the Delrras article, It is a good
exarcige to determine which way. noukle check the
wirlnyg of D1, U2, 03, and W19 [(This is the lnost
warning abowt the wnueed ipputs. Tie them low.] Tho
tlme has come Lo conneck the MLGL to the HP—-41. 1noe't
expact & ot yot, Press apd bold down the OM key.
Thig will kcep the vcaloulator generatlny clack PLL.'I.EIEEI,
You may wish to write an endleds loop routlne in Deer
Code Lo do the some. VEe A logip probe or
augilleospoppe to verlfy that there ia a pariocdic resat
pulse at V10-4, UL-1%, and L1-1%, The hagher outputs
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of the Tensa Caunter, U3=5,6,9,11, should remain low.
fou ahowld also check that the HF=4l1 signals, 1, g,
EYN, ISA, DATA, and YOO are thero at Lthe end gof the

HLDL cable axgambly,

Eection 4. The fiata Input Shift Aegister. FRecall
that khe DATA lime ie the contents of the HE-41 CPO'a
C reglster, 04, U5, U6, and YT latch the serial bil
gtresw at the phase which atope the least siginificant
bit of the ¢ register at pin aeven of UT, GLd, 7Tha
DATA STROIBE zignal is prodoced at Ul8=10. The 2-
input AMD gate is shown with the Control Signals
Generator, You must wire ULA along with U4, D5, Ui,
and U7, Verify the wiring by running the calculator
and ctwcking for & pecicdic DATA STROBE, Enable the
outputs of U4 thra UT by temporarily wiring [RATA
ENARBLE, high. Check that none of the cutputs of U4
thru U7 are atuck high or low,

Section 5, The Ima Inpuk Shift Regixter. U14 aad U15
decode two strobe pulsea each wachine cyole, {ne
gtrobe pulae latches the inetruckiom imto 0% and vlo,
The next atrebe pulse latches the next instruceion
addreas into % and UlQ, Temporarily tie the IEA
ENABLE high and verify pericdic strobe pulass at D%=1
and Ulo=1, Aleo check that mpope of the U ox TLQ
outputs ara atuck high ok low.

Scction €, The Control Signals Gemerator. Ba wary,
vary careful when wiring the control blockx, It is thea
heart of the MLIL. Mistakes here will ke hard te find.
T23 amdl D24 are comparator circuits which select the
EFRO¥ or ROME in Yeyponwe to the upper Four Addrass
Bus lines, RB[C-~F]. U231 comparss BB(O-P) with the
upper helf of the address space of whatever port the
MLDL l= plugged inte,

Port 1 = 9MAX
Port 2 = BUNX
Fort 1 = DYIX
Fort 4 = FXXX

The output of D23 isx wsed to geleck the EPROM, L1724
compares AR(C-F) with the ROME addresas switches and
selects the BOME whenever khere iz & match, You can
map the ROKME into any 4K block you wiah., Buk watch
out, Blocks 0, 1, apd 2 are ueed by the IP-31,

oag, Ui%, vls, and U1} decode and latch the WRITE 6%
inatrection, wRITE sex i actwally ak HP-41 HOP, hex
code 043, 020, TES, and ULS decode the inatructiom
field from the Isa Imput Shift Rogister and UL3 labches
the outpuwi, setting up the MLDL fur a writa to ROME
deguence as deacriked in UNDERSTANDING THE MLDL,

rél and 02§ are used to decode certain gf the highast
Blxtesn addresses in the EPROM space. FPor exampla,

the I/C port iz ak KFFF,

Connect the MLOL to Port 4 and press ON. The
caleulater ghould function since nothing more has
been centected tothe port signal limez, Verify that
2 Bequence of pericdie peolses are produced at OL7-10
whenever OM is pressad. The EFROM output aignal at
Uig=10, PROMO*, should be & similar asguebce of
negative pulses, Set the RIME address switches bo
the lower half of Port 4, EXKXK. [RR1, RaZ, and RAI
should be high, EA0 should be low,b  REH must be
high to enable ®OME cutput eo the caleulator. Verify
that ULlF=6, HAMO% and TP15-4, RAMORS, produce a
sequence of negative pulsea aimilar tg PROMO®.  ‘The
RAH pylaes will be a bit narrower 5f you are uaing

4 "scope; alnecw thay are gated Ly 1.

Section ¥, The Iea Oukput Shift Ragister, Oil and
N7 comprime the Isa Output Shift Register, At phase
farty-Eaur tha shift register 18 loaded with the data
on the inpat Yipey, IO5{0-%), The data is shifted
out €3 the HF=41 during the lagt ten phases of a
wachine cycle, U2 i the MLDL ISA line Ariwver, The
Elip-flop, 113-2, only enables the MLDL putput during
the last ten phases of a machink oycle in which the
EFROM, RDOME, or INPUT PORT was oaddressed,

Wire the Isa Output Shift Register and Driwer, hut
den't commect the output of the Driver, UZE=11,13, to
ISA. We are not yet resdy to send things ko the Hp-41.
Check that U13-I pulase when O ie pressed, Ground
the input ping to U1l and Ul2, IOS{D-0}, WVerify thatb
00 pulies are outpit at Ul2=3 while the calculator ia
running, The next werification steps take time, bat
they are worth ik, Etaxt with IDE0, Wire the input
line high and waerify a pulse ocut at N1Z-%. Rewire
the fnput line low., Do the gsame test for I0S1 thru
108%, Urwire IQS(0-9) from the growund. Conpact
UlE=11,13 to ISA,

Section E. The EFROM Array. The 2732 iF the L EPROM

and tha 2716 is tha U PR, LUE L3 a »wibch which
divects tpw: correct pair gL U EPROM owotpuea ko TOS(R,
4] . The pair ie selected by the lpwest address lines,
M) anc AHl. VYeou will noed to inkta]l EFPRHOM: which
contain wam:x and wxRam.  Run & CATALIK; 2. Yoo shouald
s 4 corjtlete EPROM catalog. ABFLgR A»HOM Lo a key.
Dae HH Leoumw the PPC ROM or the cachine ccde CODE ta
transfer the alpha word FFFFOOD ko the X register.

Eey xxmRnM and ane pulse shouwld be produced at UT22-1,
WEORTH. I[[ you Wwiak ko install U311 and TIZ you can
A wriite to the {Jutpur Partk, Check that REN 1x lome,
se the User Code routine WROME b0 write to the ROME.
verify that each x»ROM ssscerta BRAMCE~* bul not READ.

Seclion 9, The ROME, Inatall the 55048 with the MLDL
Yisnonnected from the HF-~41 and the MIDL batterims
removed. Inetall tite MLDL batteriea and conoect op
the BP-41, Check that the ROME a2ddrwes owitches are
5till pet for block E, Uase the User Code rowutlne
IRUME to zero the ROME, ZROME ien't a Fast rowtine,
Enable the ROME output by swiltehing AEN high, Usa
WHUME to wiew ROME contenta, There phould be nathing
but reros, That's ik, You're deone.

UEe WRUME and WROME to poke and pesk around in the
WP-41, Dxe WEOME to load a FAT and a»x or 155 in
ROME. Hawe fun, try some of your owh M-Code]

% BOME
RORME Eills sequential ROMFE words with zearos.

XEQ ZROME. The Pivat prompt ix STakT=? Epter the
hex addresa of the ficost RAOME word to be zeroed. The
calenlater 1a in the alpha mode, BAS,  The second
prompt iz KNR=? Enter the hex addresa of the last
RUME word to e 2erced. ERSS, Every ROME word from
the start addrees to, abnd inelweding, the and addrass
will be zeroad.

A FFF sige block takes about elght minwvkes on my HPE-41.

Fon HF Lukctions wasd arve A+, RYEL, X>RAM, CODE.

Hl+ib ~ZFIHL- A LH
Wr WA 19 ARL: A1
W3 “ETIRT=1 24 Cops
44 PIOMET 21 RE-
LER LR 22 R
Hp “EN[ET- 23 B
A7 PReET 24 Ko
HB RDFF & 3k L
a9 [DpE 26 Efh
le i ertE Al
11 LOIE 2B hRH
i Kwt o9 LASTH
la &L B kY
I+ Wi 3
1o &l LT A
|6 -LAAR- ¥ "JOHE"
T CIE M TOKE B
Ti .EHD.
YELME and WEOME

VROME dlsplays the ROME contants, -
WROME displays the ROME contants and can change EOME
contents.

SE{l WEOME. The prowpt is "ADDRESS?® Enter the first
ROME address bo e ditplayad. RS5. The HP—-J41 ahows
the addreza and the contents. BB, The oext address
and eobtents ore shown. Skep throwmgh the memory by
pregsing H/S. Selact 4 new starting address by
entering it into the alpha diaplay, Stap backwards
theapgh memary by aetting flag 1 true.

KETQ WROME. The prompt iz "ADDRESS?" Enter the Eirat
POME addresa to be investigated. KES5. The HP=41
shows the address and contenks, Preaslng B/S will
ateg through memory. Change the contente of a
displeyatd memory word by sotering the new contentm
ibhte the alpha diaplay. %/%. The address and the
new contents will Be djsplayed.

Hoo HP foncticny used are v—-x, QR, ROM>Y, RXL, K>ROM,
CDODE, ahd DECODRE.

Alwal “WEOHC- o ASHE “pLEL ~dRImE"
By ¥ ASTO M 4L MK

B3 -EFMRESST- 22 Wery 42 "ADNRELE==
A FEOWAT 21 ROKK 41 PFRONPT
BiLBL A 2 RLL L 44 COBE

B FiC 23 25 BT 45 EHTER?

BF Ciak 26 - 1ioieieed g - 44 EHTER?

M FCT Bj 27 LD AT+LAL B:
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iETH R 2 0r A4 UF3 A
FL IRl 29 SECOIE 59 B
-1 roD: ELRTE ShOC_cLosd
L2 er A1 REw B2 HEPIEH
[ER-RE] it - - Se FM
1L EWlER1 35 dRCL B 5 L
15 ENTERt A ro- W PEL
1E " LW Bt &3 ARCL By 1 REL
17 CODE 5 FIH % CODE
15 0k 1 OAVIEW 390
19 BECHBE 4 RTH LR
19 LTO M 549 kW
BB =t g3
E1 EAY

¥ CIM013 Tual 0 Plip=Flop

1l, wli
2 Co401? Peccded Decimal Counters
Uz, Ul

|d CD4084 B=Bit Shaft and Store Register
U4, US, D&, U7, ub, wlg
1 C0aD32 Pifferential 4—channel Mulbiplexer

4.3

¢ CDABZY A-stage Pazallel Input Shift Register
oll, uiz

2 CO4G11 guad Z=input MAND
oid, Wiy

2 CoE0&L Quad 2-imput AMD
urs, ule

- Ch402] Triple 3=input NAND
Ule, D17

1 CD4DYI Tripla 3i=input AND
Ulg

L CR4078 B=inpuk ¥ORSOR
Lk {4

1 CDAGER f=input NANDAANLD
ol

K COAT12 poal 4=input NAND
w22

2 ChM062 4=tit Magnltude Comparator
U231, 04

2 CD402E BCD-to-docimal Decoder
uds, D26

L TR0 Hex Buffer/Inverter
U3z

1 L4503 J=atate Hex Buffer
uiE, 129

b TIC3TY d-kit Latch
Uil, paz

le  TC5504hP-3 4kxl CMOS AAM T oanrea
MO, M1, M2, M3, M4, M5, HE, M7, ME, Mu
1 27Tle 2XKx3 EPEOM
L' EFROM *®
1 2732 4Kx3 EPFOM
L EFROM *

*Pugat Sound Pepgraming selis a MLOL FPEROM sat.
Far &25 you get ROMyN, #>RAW, CODE, OECODE,
ROMXREG, REGXAUM and Bome Bare, Plus

the doovmentation that tells whal Lhe routinces
da. Add 3% for mailing outside of the U.5. and
CANAGH.

THE ROM ADCHESE SFACE

‘The "PPC MP-41 Assembly Labguage Listings mumber 2-
gives a short descriptlon of the HP=41 XROM
organization, That information ie repeated here, The
addresses are given as four hex diglte, For exampla,
%000 represents the first address Iin any 4K block. Tn
each d¥ block abowe 5000, the eoly blocks allowed For
KROMs, thera are a number of preasaigned address not
used for inetructiss code. The follewing table lists
the presssigned sddresses and describes their use,

XQ] The KROM number in hex, Thig ig the firat of the
¥t numbers you see when viewing a programmad
B funcelem after the ROM module has been
ramoved, Por example, the function EROM 16,07
would gome from a ROM with 018 stored at the
first addresw.

X001 The numlrer of functieowsz, in hex, which are
diaplayed in a CATARLOSC P,

K2 thru

XUMM The Functicm address Table, the FAT, MM 18 Lhe
heax equivalent of #*H +I, where M la the numher
af functicms, Sixty-four iz the maklimum numbart,

XOKK oo EE= MM +1

¥QLL oon LL= MM +2
The two oull worda mark the ond of Lhe FhY,

Each entry in the FAT requires two worda. “Thers
iz a high-order word at the even wumberod address
and p low=order word at the odd numbered address,
The: high=order ward containe the most significant
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byte of the functions ptarting address. The low=
order Wword contains khe least significant byte
of the Functione starting address,

If the fumction lz written in Machine Tode the
FAT addrees 12 the address of the first exerotabls
instrustion, and bit nine of the high-order word
1z rern., If the ROM fupgtion im in T-Code, the
FAT addrecxs points to the EFirst byte of fhe
deglred IISER Label inetruction, and bl Akoams of
the high-&rder FAT word iy ocne.

In izt ROMe the BOM neme ia the firet function
ligted in the FAT. Thie is just a machine code
function with one ingstructisn, return, Thie im a
simple trick to liat a ROM nama Eirgk in &
CATALOG 2, There 18 oo réguirament for a ROM to
heve & name.

X0JT thyu JI= MM +3
XFF31 Thie ia where the Machine Code goea,
AFFd thru

XFFA Theae are the seven scapned antry pointe. Unless
¥ou know exacrly what these addressas are for,
sat them to 000, Otherwise the caleulator will
cragh or be peychotic. .

XFFB thrwu

HFFE These words are for the ROM revislon number, The
space 1z available for the MLDL gser. It will ba
vwratful to identify your own revisiognal

XFFF Thiz is the ROM check aum, It if umed by tha
Diagnoatle ROM to verify the contents of HE ROMs,

The address space betwean J000 and 4FPF ia available,

It should only be used by the experienced Machine Cadg
Frogrammer ,

& FAT EXAMFLE

The focllowing ies the Function Address Table From a
hypothetical ROM or EFROM which contains the the
"Useful M=Code Routinesa® and a User Code rautine, TEST,
whoee label iz at X573, The XROM number is pinateen,

000 )3 iThe XROM number, 149,
x0ol aas iThe number of functiocna in the FAT,
AODD O f

A0D03 deA 1 ROM: X

w004 004 :

ADDS AFC F AIHDM

®0DE DOL :

AH0TF daz PR A

HDoA adpl H

A5 000 1TSS

R 205 '

KOan N7 F"tESTY

AZGOC Dog I

Yoo O0adn :The reqguired nulls

SOME USEFUL, M=CODE ROUTINES

Theze routlnes ware written by Paul Lind (5157,
The addresses arg for example only. The code is
poaiticn lndepapdent. Just don't cross any 4k
aoundarles, Be sure to add the addrase of the firat
exsgutable inatruction to the Ewnction table,

‘ROM=E,

Giwven a 16 bik binary address in the lower
16 bita oE X, RDM2X returns the 10 bit ROM
word in X and the incremstted address in L.

¥OE3 G0E 4 JRouting name

¥OLCo LIE b

KIET 00D M H

XQER OOF 0O H

KQEg £12 R

®gGEA DFA READ 3 1Read the ¥ register

¥oEE 1B RLR 11 jRotate left 3 digits
®oEc MDD FETEW ScX rhGet the ROM word

xGED 10E  A=C ALL Copy to A

KIEE 954 L=hH - H

®31EF 5E C=p ME iClear addrees register
®OF) DEd4 WRITE 23 rCopy the instruction to ¥
MOF1 DAE RERD ALL F

®OFg 04k C=0 S§X tClear the instruction
ANFA FEIAT G=CH] M tIncremant tha addrass
WOF& 03C ACR A iAotate the address to 4 LGDS

T iWEite the address to L
rBeturn

ENFS lzB WRITE 4
AN¥E  AERD HTM

KaOH

Given a Lf hal addreds follawed by a 12 bit
ward Ln the lewest hits of the X register,
wrRiM wi1ll write the lowest 10 bates (The H-Cacde)
Lo the #OME addresa, Mhldress portian L3 nof
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altered. L docs nel ocontawn Lhe iscremented D is pair 1, On

addrenss, +01 ig pair O3, Oz
J10 28 palr Ds, Oa
®OFF a4k M Jhoutine hace .11 iw palr a7, D6
kaFy SafF o a H
¥ara a12 R H The BOM word at addresa X107 15 ntwred in the L KPRIH
®oFa o3 @ : address KLDe and the [ EPACM address 042 cuipubs O3,
EJqrE DL ¥ H ard Dz, . das
xoFC OFE HLAD 3 iEead =he X TRginter Lyrme 1, Weledan [7324)
MorD 040 MHITC Sex :040 L2 the MLiL wrate JFLE 71 Place HE
xoFE 3ED  RTH s ReburT Rednond, WE SEOSZ
Y
See pages 32 thrp 34 fOr schematbics.
Appond character code in X bO the Inft of
the alpha regleter.
¥QFF D81 A : Routine name
rigp a3 > o
»1i-1 018 X I
»iyg OFB HEaD 3 rBead the ¥ raeygiater
%103 JIA0D THC MO pConvert Lo binary BODGIW
®Xiuy ObhA racoelMt :is a natlwe routine®
xlps 3%k REg ;5et painter to Zeroc
£io6 058 Gee @R, + 1Low byte of  into &
%gor 051  FHLC GO 1pppend charackar in G ko
wipA  dus 'wPPERC" ralpha rooizter.  AUPFEND is
ra native roukinedt
rBeturns through APPEND
& A pative routine is a routine which ia
built knto the HP-d41,
T5E
Toggle [iag 55 to digable the printer,
Aloe @RE 5 shouling name
X1oa 035 5 ;
1o a1a T ;
#Lof  3Ac  TREET n
£LDD QIF JC 43
®¥ynfF 3J84B SETF D
¥ioF 413  JMC +2
¥110 3Ba  CLRAF 0
%111 3BA READ 14
X112 3R C=5T X
K113 3Zk@8 WRITE L&
Kil4 2ET BTN
THE EFROM LiHELMA T
The types of EBROMs used in the MLDY and other BPROM
boxes are all eight bit word Eormata. The HP-41 uses
a ten bit BOM word format, Tha MLDL uiez one ETROM,
the L EFPROM, for the lower eight hits of the ROM word.
The ieast signifleant bit of the L EFRCH is the least
signtficant hit of the ROM werd, The upper two bite
of the POM word are stored in the U EPROM, Each word
in the U RPROM stores the upper twoe bita for four
conEemutive ROM words, The bits are paired as
ipdirated in the example calculation below. Tha
following EPROM MAP ia for the M~Code routine TSS.
1o BIT WM WGAN
1o, Lram G, , - - 1on b .
iG] . m‘%ﬁnﬂ AIMFUTS = S |
o Bp L Aok 01w Le ga 07 @) N
- — T :[:._x[ u 1 a T x1ph[ees
mo1 v 1onL gl EETA LR
. \ alnie
:uﬂ el A - e | ac
a0 o 1 2 1 11 algnfotk
' b p 1 a0 @ %Llor j24n
. 0oa L EhIEyakl
(e Mﬂfﬁiigén]n# 1140 |3na
] 11 > 11 an 11| M
1 a L1 oo oaou H]i;:::
L o a L 1 Wl
e _,.,-o-""'r'-'-"-ﬂllln-:l::d ALTa|xa
git
The next axamplea shows how to calculake the U EFROM
address and powitiom for a given ROM word address,
Write the BEOM word address out in bloary. X109
b Come s
ALNENOD100001001,
onift the addrass right by two bita,
HEEXOHT10000 1,21
The value to the lert of the bimary poipt i3 the
U EPROM addross snd the walue to the right of the }
paint ip the U EPEOM palr number. folks a% WP know!
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MACHINE LANGUAGE

BLOCK CIAGRAN SHOWING
DATA AND CONTROL PATHE,
1, B2, AND PHASE COLNTS
£F, CU, ARE NOT SHOWN.

DEVELOPMENT LAB.

SYNC < PHASE COUNTER AND
B4 | CoNTROL  SIGNALS Mo,
B3 GENE AT OR PORTON [ ISA OUTPUT SHIFT
'l REGISTER | iSA.
HEts fay 4
Lins frucion
15A INPUT BHIFT 15 ATIO-F}
15A S REG 15 TER 7 o 10510-9)
mamww
b EPFTOM
LS EnADLE $
S
DATA ENABLF i
2 /‘f; DATA STROBE i
RAMCE
DATA [MEOT SHIFT fiEAQ
DATA X REGISTER
CMOE RAM
ROME 5
;E/fﬂf_rﬂ-ﬂ) DOdrecs goft
XYoL o3 //4 1 1
v HPeRIE | PO,
GUTPUT FORT INPUT PORT
ADOGF. -
i Dorg-F2 io ADIND -5
i
SING
LT3 F i
15 ]
I3 [t
4%‘:'?7 us
@E‘ J07
]
PHASE COUNTER il :
LT4
Lr¥
[
grr

DATA

INPUT SHIFT REGISTER
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PPC

4K EPROM AND 4K CMOS RAM
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BAT, Fy axd MK AFE WD iyan.

9 Oc Og o Op Op o, O 6 Gy Oy oz & O,
U EFM e HEE £EPROM B9 VRS
20 2718 poo a7z
i3
- MDODRERS
] 7345
7 2
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FT-TEN | 1
AR T 1
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Al LI 1
Al I
AfdS i
AR . 1
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Al ! 1
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ggc T 3
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% eSS REPEAT FUNe Magul 2, &
o
g-: WOTE: RAMS AND EDOWS RAVvE
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Ay
s e
f5A T ODDS AND ENDS i
i CABLE GCONNECTOR — BACK
l 3 WA'EELLE THE ROME =0 BATTE Gy
OBk 18K PlLL ; ;Ik ol
B e et T R
SYNC |

E

THE ROME ADDRESS EWITCHES

GINER ALY DF ARA3 [N
IEED Pk PUE LYK BREVEN,
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