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Dear Customer,
Unfortunately we have discovered three errors In the

Construction Guide of which you sheuld be aware. Please smend
your copy as ‘Follows:i~

The fourth paragraph below "CONSTRUCTION® should te chenged
to reagi~

. . in the following secticns Take M4b and M5b and
bend pins 9 te 17 (LXCER] PIN 12) out horizontal on both
RANS. NOW take sesnevrsses
The second paragraph below the heading “EPRIM CURFENT DRAIN®

contains tao mistakes. Tt should read as fol{owst=

 

FITSts cut the track « « + wo « 4 + , the
track jolning U28 vin 10 to ground.* Copnget pip gone of yzg
to the around rall sheve it (on the rear of the BLBL. Then,
connect UZ& nin 10 te UAZ pln 9 using a piece » oo o

* Thls pust te done prior to the Insertion of the IC ~ 1t
can still be cut if tre rest af the {PROF CURRENT LPAIN
modification is not carried out at this stage,

Good luck with tha construction of your MLI, and we wish yay
every success wlth your future machine code programsings

Yours sincerely,

iw Tor
for MICROBAUD DEVELGPNENTS.



DISCLAIMER

Whilst every effort has been made to ensure that this Hachine Language Interface

will operate as indicated efficiently and properly if constructed according 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 at all due to any fault in design or otherwise and no responsibility

is accepted for any damage caused by the Interface to any connected equipment.

Further, no responsinility fs accepted in respect of any injury or damage of any

kind caused by any fault in the design, construction or otherwise of the Interface

as aforesaid.



SEICONUCTORS
Cpa011 Cuad 2-input KAND (U14,U27)
D4012 Dual 4-input NAND (U22)

©D4013 Dual D Flip-Flop (Ut, U13}

4017 Decoded Decimal Counter (U2, U3)
(Da021 B-stage Parallel Input Silt Fegister (111, G12)
Cp4023 Zriple 3-input NAND (U16, T17)

C4023 DOD to Decimal Decoder (U25, U26}
D404 Hex Inverter (U32)
CD4052 Differential d-chanpel Multiplexer (U8)

04068 g-input AND (121) T
4173 Triple 3-input AND (U18)
D478 B-input HOR (U20)
CD40B1 Quad 2-input AND (15, U19)

CD4094 3-bit shift and Store Register (U4, US, U6, 67, U3, U10}

©D4503 (or 40097) -state Hex Buffer (U28)

1274085 (or 40085) 4-bit Magnitude Comparator (U23, M24)

6116 4xx4 CHOS RAIL {M4a, 4b, MSa, MSb}T
I
C

2716 2i03 EPTON (M2) These need to be pre-programmed with at least
{ 2732 4xxe EPROM (i3) the WEOM instruction. A suitable set is available

fram Microbaud Developments.

1 2N3906 transistor
1 Minature red IED
1 1M4602 rectifier diode

CRRACTTORS
7 100uE/16WW axial electrolytic
3 0.1uF bypass capacitors (“redcaps”}

HESISTORS (1/43, 5%)
13 160%
Tay

MUSCELZANEDUS
Solder, spacers, auts, boits, etc.

OPTIONAL AC BOWER SUPPLY
7805 regulator1

2 U.1uF bypass capacitors ("redsaps”)
2 tonrectifier diodes
1 100uF/16v% axial electrolytic

CONSROCTION pn 4 ud meboge
Tho first task is to drill the fowr mounting holes on the CB, and, if

you intend using the optional AC Power Supply, drill the mounting hole for
the regulator. next, fix the 16 pin DIP piug onto onc, gnfl of tha rivbon
cable (this is done using a special clamping tool or a hammér(i!]). solder
the other end of the cable to the connector of an old module, having first
removed and discarded the module PCB. Ensure that pin 1 goes to va, pin 16
to Bt cto. This lead is crucial to the whole LI, so it would be best to
triple check the lead for continuity and accuracy.

Start construction on the PCB by placing the resistors and diodes into
position. Check the orientation of the diodes and solder these components
Drto the bosrd. Next solder in the IC sockets, noting that fo Sockets are
requized for M1, 1/0 A, I/O C and 'SPARF, and the 6 pole DIP switch. If
gon are not using sockets be sure the ICs are correctly oriented, and solder
the power supply pins first, with the barrel of the soldering iron connected
to the grownd track of the FCB. N.B- DO NOT solder in the CNOS RAMs yet!
Place the capacitors, transistor and LED into the koard, ance again checking
the orientation, and solder these and the battery Clip to the board.

 



INTRODUCTION

The iiforobaud Develpuests Machine Language Interfice 0S two major
sections. Firstly, it provides up fo 4K of WPOI which con hold routines
dedicated to the LLL and routines which are frenuently used and are best.
ept in a permanent form, such as CODE, DECOUE, an assexbler and
isassemdler-

Secondly, the HLL contains 4Kof COS Sl which is totilly independant
of the calculator's main memory and is under your total control. This
menory is trated 4s an applications ROI by the calculator, and it is in
this area that you may write your own machine language PuCtions and routines.

‘There is alse provision in the MLI for an external set of imput/oucput
ports, although these are not fully implemented cn the buard.

 

   

TEXINICAL, OVERVIEW

The HP-41C/CV uses ten bit words to cowsmumicate data and instructions
in a serial format both internally and with external devices such as
applications Riis or the BLL. Cn the block diagram you cen ses that daca
shifted out on the ISA line [rom the WLI to the Hp-il1 may come from the
E2ROW or the CKOS BAA (of the Input Port if it is implementzd). One of
these sources is selected by the Address Dus lines AB(C-¥).

During any given 56-bit HP-41 machine cycle, sixteen bits of Roul
address information is shifted out through the ISA line. They arrive at the
LI ISA Input Shift Register which latches them. ISA Enable (from the
Control Signals Generator) gates this address onto the Address Bus. At this
stage comparators check to see if the address on the Eus matches aither the
EPROil address or the FAI address. If either of these addresses match,the
appropriate control signals (e.g. RAHOY, BCRIO®, PROMO) are asserted and
the ISA Output Shift Register has the ten bit word on T08(0-9) dumped inta
it at the correct time, and this word is subsequently shifted out.

The HLT decodes a special instriction in order to write to tha CWDS
RR. The instruction is WROH (or WRITE 550), hex code 040, and is & JOP anthe K2-41 50 that it does not affect the subsequent 56-bit machine cycle.
hen the wrize has Leen decoded, the data bits are used to determine the
Note that the Data Input Shift Register laches the 'O' register in the HP
41 CPU (mot the user-level 'c' register) whenever the least significant bit
of C becomes DL), thus the ten bit word loaded into RAH is the lowest ten
bits of the C register.

Each instruction which arrives at the JLT is first latched into the ISA
Input Shift Register, and then goes to the Control Signals Generator via the
Address Bus AB(G-F). The WiOH instruction is decoded in the Comtrol SignalsGenerator and the most Significant bits of the Data Input Shift Register are
placed in the Address 3us AKO-F), while tha Data Lines DL(G-3) are gated to
the Rall inputs. When both READ and RAMCE are low (i.. READ is not asser
ted and RAMCE® is asserted), the ten bit word on the Lata Line DL(0-3)is written into the RAM.

 

 

 

 

 

PARTS LIST
 

1 HB “Hicrobaud Developments racine language terface”, 245x125mm
case, 250x145K30mM, e.g. Custom-built marviplate steel Lox available fromhicrobaud pevelopments
16 pin DIL plug
6 pole orp switcn
battery holder (4x3 NiCd or 3x Alkaline)
Lattery clip (to suit battery holder)
length 16 core ribbon cable, adout J5cu
old tp module

SOCKETS (if required)
4 24 pin DIL
19 16 pin DIL (rote that at least 2 24 pin aad
12 14 pin DIL 1 16 pin socket is required)



At this stage it is good practice to visually check yow soldering,cleaning away blobs and strands of solder which may short tracks. Once theboard has been cleaned and checked, all the ICs except the iOS RAMs may beplugged into their sockets. Dnsuring that a suitable set of IPROHS has eenplugged into the board, disable the RAby Switching the RAM Dable switeh(AND the XARC switch) to 'off', plug the ribkon cable into 1/0 8 and acalculator and press 'ON'. Ixecute a CAT 2 and you should see the EPROHfonctions displayed. Try assigning 'CODE' 0 a key. Place the followingstring into ALPHA: "1041424344456" XPD "CODE" {or press your assicnedkey. If "ADCDEF" appears in the X-register everything is fine.
The next step is to solder a piece of thin wire (wire wrap wire isrecommended) between"pin 15 of 1/0 C and the hole at the top right of the'W EPROM. Now comes the tricky partl le have four RAMs which we will calldda, fidd, Ma and 15D. It may be best to tag the RAS so that you don't get£00 confused in the following section. Take Mab and MSh and’bend pins 9 to17 out horizontal on both RAMs. Now take db and carefully berd pins 9, 10,#1, 13, 15 and 17 Tight up out of the way. Do the same to pins 10, 13, 14,15; 16 and 17 of Msb. place K4b om top Of Ia piguy-back Style and solderthe remaining unbent pins of 4b to the corresponding pins directly below oncMéa. Give HSa and MEb the same treatment. wow plug the M4 and MS RAM setsinto their appropriate sackets (or solder them into the board).
Pin 16 of hab should be overlapping pin 9 of Mb, as should pin 14 ofMib with pin 11 of NSh. Solder these two sets of overlapping pins So thatthere are two 'hridges' between the two RAM sets. Solder a piece of wire toeach ‘bridge’ and connect one to each of the two adjacent holes on the rightside Of 1/0 Bx The order in which they are connected is not important.Switch the RAM Address switches to 8000, that is FAY on, RAl, RAZ andA3 Off. To zero the entire RAM memory Space you may use either of twomethods:
1 With "OK" in the ALPHA register (a precaution against accidentalclearing), run 'CLRGM' in the Microbaud EPROM, or2) Rm "ZX from appendix 2 with start address 8000 and end addressaETT.

Now Switch REN (RAM Enable} on (leave XASC Off) and set up a null PumctionAddress Table using "The ROM Adress Space" in Appendix 1 as a guide. youmay Like to give your psendo-ROM RAM a name which will appear first in theCAT 2 listing. an example of this is also found in Appendix 1. You can nowwrite, load and run your own machine language routines! To try out the Hityou may like to load some of the machine language routines which appear inAppendix 2.

EPROM CURFENT DRAIN

 

Some brands of ZPROM we have tried draw excessive amounts of currenteven when switched off - they have a very low impedance TE input which isbigh even when the MUI is unplugged, and so sinks about Soma. Typicallyyour MLT should draw around 100uA when wiplugged. If you have an excessivecurrent drain it can be fixed using the directions below.First, cut the track coming from the pad at the top right of the LfEPROM. Comnect the EPROM side Of the cut track to the perimeter growndtrack using a piece of insulated wire. Next, cut three tracks, these beingthe track to the lowar (cathode) lead of the LED, the track joining UZ8 pin1 %o +5V (on the rear of the PCR) angathe track joining 28 pin 10 togromd® Then, connect U28 pin 10 to

UIE

pin 9 using a piece of thin wire.his is best dons by joining the two pads on the rear of the BCE  Copnect28 pin 9 wo the lower lead of the LID) in the same way. Check to ses thatthe EPROMS are still working normally.



APPEDIX 1

mhe ROYAddress Space and The Function Address Table

 
 

 

 

  

 

 

 

 

 

 

 

 

 

  

 
 

 
 

  

 

 

 

   
 

    

RAM ROM
Ram Rom

3FF Address FFFF — Address
Limit Pore J Limit

5
X HEMORY =

og
3

#2 £000 =

OFFF Port g
g
|

nd
Ccooo =

BFFF 5
Pore of

X MEMORY

5
# #2 3

2000 i
9FFF o

Pore

#1
200 8000 2
1FF Top of bata | TPF ass stor./ 5
ito In 7000 |HPIL Fans. 3
18F TIIROOC 5% FFF [2 Princer =
180 £5 6000 (019/%ew) T
17F 3 SRF

PROGRAM REGS. Time
150 : 5000 Module
13F BFF ot agnost ic
100 sooo

|

Module

oF Llane— py :
oco Key Assignments & 3000 § Unused!

3 2FFF
XFM RAM E3 HLT

oka 2000 n
: ) \ I| Unoccupied ; operating £

00F j000 %

Status Registers System
a00 o000

le——56 sitsmmf leo Bits—

ROM and RAM are separate entities, mutually exclusive.

RAM is addressed by 10-bit addresses for each 56-bit register (000 to 3FF}.

ROM 1s addressed by 16-bit addresses for each 10-bit RON word (0000 to FFFF).



Relative
Address

x000

x00t

x002,
X003

X00,
X005

X006,
x007

X080,
X081

Next 2 bytes
after last addr

Addr. of
ROM name

Addr. of
Fen. #

Addr. of
Fen, #2

XFFh to
XFFA

XFFB to
XFFE

XFFF

Function

XROM Number

Number of functions in the catalog (including modulename)
Address of ROM module name

Address of first program

Address of second program

Address of 63rd program (if used)

2 Mulls (000, 000)

Name of ROM (11 characters maximum)

Function #1

function #2

Special interrupt Jump locations

ROK Name sbbrevistion and revision (i.e. CRID, WOE)

8-bit checksum (for diagnostic module use)



 

 

  

ALG) {Fra Suhr,—
TE =m LETo a —

1 ate Pron

|

 FIL sei Stach LITE FaabiFIO sec pram pre, In oa

 

 0h
Polnear or Carry

Regliters

 

HPAL CP Registers,13 the main rag

  

Hote hac tna C regiacar (56 bits tong)nd E10, 3s wel) ox mastCH regotacat

Blk 55 5251 487 AAI 0333635 323) 2627 24232019 1615 1211 8 7 A ©ayble orafguers [zl naps ed ale fs (afafe [0

! lfeTTT
feAORmeee5x

 

       

  
   

 

 

e—kr—a{
Fleld; Hybbles: Bits

rs (hantissa Sign) 3 sess RB Selected patatar (For a)
» {Hane 55a) 312 12s BL AL NybBle polatad to by &
x (exponent. Sign) 2 an Re From aybkle 0 up to nybble
Xor xp (exponent) 0-1 07 P-Q From Rtn nybble to Qth ab
io (Address) 6 hey ERs Ac nybble A aud R4}
sex (Exp. 5 Exp. Shan) 02 0-11 (OBR, - Load at nibble Rand decrer
aL (entire fagister)  0~13 0-55 SLET B, Sedoct which pointer bs ac

SLT 0

56 = BIT REGISTER FIELDS AMD POINTERS HH THE HPhI INSTAUCTION SET. (5. Jacobs mosmonis



The RAM name which appears first in the CAT 2 listing isgirply a function name followed by a return, placed anywherein thein the RAM, However, the name must be the first function’listed in the Function Address Table. Also note that all thefunstion names are listed in reverse, as shown in this sampleFAT and the Wand listing excerpt.

A Sample FAT

398 013 XROM 19
801 BOF 15 FUNCTIONS

 

8632 881 A Sample RAM Name9903 656 99: 8162 -NICROBRUD- ——5984 99
SHS 9% 1: 4092 CST
£94681
8867 B14 82: B44 LEFT
asp ag
8009 905 83: 0125 GOvsE
#908 51
8068 92F 4: BUF +1 2160 anD

saa sat 2161 ana5090 859 45: 3159 KESEIFL Sie) ao
shaonl £2163 galoF B78: 4172 TR 2183 aa
ot al 2165 BaF11 M3 47: pial Te Sree 298
Sola 081 S167 aesG13 BE 69: IGE SFB Sieh oes
and 260 £159 agp -SIS Gz 99: B1R2 "DENG Sien aap mn
oe ml 816B IED RTN917 86 18: SEG UPORAT
813 a2
1962 11: 322 tg
01a 22
ITAL 12: G22 VER?
BIC 092
13 6 13: 3200 CF
891862
IF 092 14: 9292 57%
5920 699
8021 989



YROM Machine-Code Functiop-Name Words:

ByBgBBB,B35By

Characters 00 to 4F of CPU data table

0 1f word is not the last character in name
1 if word is the last character in the name

Related to how many prompts should occur after the name
(For system functions)

 

0 1 2 3 4 3 6 7 8 9 AB GC D EF

coe A B c D E F ¢ H I 3 K L o N

ole @ 2s Tv ov ow ox Yy z [ N 1 + _

of t "I tS 2 8 < FT ox + 4 = ar

oxo 1 2 3 4 5 6 7 8 9 ® , L£ = > 2

0-2 bv cd ee = TF XX RHF ZL

CPU Data Table for
Non-last Characters of

Machine Code Function Names

{For last character, add 080 hex to the code in the above cable.)

 

XROM User-Code Function Names:

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

 Example: Addr. Code: Function: Addr. Code: Function:
005 OBE 406 057 W
00E 204 3} addr, 402 407 04E BN
008 002 for fen. 408 0d D

. . 409 054 T

. . 4A 053 s
400 009 9 Regs to copy  40B 034 T
401 220 40c 13¢ FIX

> 402 ic2 LBL 40D QQo 0

403 001 4QE 1a6 XROM

404 OF7 T 40F acs 27,05 (WNDSC

405 000 - . .



This Appendix contains Some routines which are us:
wachine language programming, in
following

APPENDIX 2

 

1 examples of
applications, speed and operation. The

Gescription of each routine listed later in this

 

is a bri:

 

section. We nave included a smattering of various nthods of operation (for
exanple immediate execute, programmable apd non-programmable functions).

SST - continuous single step, This routine is non-progyammable and

 

+1

—

RESETFL

Fx

SFX

hen executed it contimusly single-steps through the current
program, beginning at the current line. If flag 0 is set, CSST
All step backwards, or this can be effected while you are
stepping by pressig the 'ON' key. The 'o8' key toggles the
Stepping direction forwards or backwards. Fach key apart fron
ion" and the backarrow (which exits the program) also has a
stepping speed associated withit, roving down each column with
4+ being the fastest down to R/S, then ALPHA, PRGand finally
USER being the slowest.

- These three routines are used by the user-level program "DEMO
LEFT rotates the display left by one character, GOOSE places a
left-facing goose in the display and SF50 sets tlag 50
(surprise, surprisel}, the message flag.

- This user-level program shows some of the somewhat unusual
(even in the realms of syntheticsi} things which may be
achieved using machine language. Running "DEN" yields a-left-
Facing goose flying right to left (minus the Wickes goose
aropping). Local labels 10 to 14 have the following results:
LBL 10 - left goose flies left
150 11 - ALPHA register rotates left
IL 12

-

right goose flies left
ISL 13

-

left goose flies right
IDL 1a - right goose flies right (as is nommal)

 

- This is an extremely simple routine which adds up by ones in
sacoine language. Use it to impress your friends when compared
to "+R" xun for the sane length of time!

~ As for 141%, but in user code. uch, much slower!

   
  

 

- Pesets flags to MANORY 10ST status except flag 27 (USER) and
flag 31 (TIME module Diy) are both set.

- prompting tone. This routine prompts for a 3J-digit number and
axcutes the corresponding TNE. This is not programmable.

~ mone from x A programmable funtion the sane as in the
PEC ROM.

 

- This updates the Function Mdress Table when new routines are
inserted. Key the address cf the now function (that is the
address of the first executable word in the youtine) into
ALPHA, execute 'COUE!, execute 'UPDFAT. The FAT is updated by
incrementing the number of functions and adding the routine
address to the end of the FAT. If you had just keyed in the
toutine "No" at addresses 9130 to 8187, them to incorporate
this routine in the FAT, type

"3183", ABQ "CODE", XZ0 "UPDFAT'

- Tais routine returns the current mainframe OM revisions.

- Clears the flag given by the value in X which can range from
BE to 55.

- sets the flag specified by the number in the X-register. as
far (FX, this can be any flag in the system.



HE B94 +
89F 513
2096 813
391 893 -C-
52 998 NOP
2093 220
#894 8A3 NCHS 2008
8095 34C FSET 12
3% 211
97 887 2060 2184
3098 830
8899 950 R=4
90 059 Ler {
39 179 PUSH AIR
B89 82 MC 8500 +04.
#50 38 READ 15(e)
89 391
9 68 ACHE 2568
96A8 304 ST=A
ORL 164 CLRF 8
202 196 A=C StX
96A3 996 B=A SLX
0105
a0 B14 WCXR 857)
0R6 B4E £0 ALL
A7 136 LD] 54%
3848 603
8849 18C RCR 11
SIR 10 R=C HLL
99° 189 POP IR
BAC 176 PUSH IR
BAD 138 LD Sax
B90BIF
BHF UC HEY
5689 967 JC GOS +13
881 266 T=C-1 548
9952 JEB JHC S90F -03
8683 279 C=C-1 K
#884 308 MC 80D -37
5885 383 RERD 144)
886 1FE C=Co NS
A057 337 JC 9490 14
88 149
SES GR4 2HCKR 2952
8980 3F8 READ (Se)
263 144 CLRF6
BBC 266 2029 58
28) 300
OBE GAS CKO 20F7
GF 60D
ICH 96C IKCHQ 2337
B8C1 3FG READ 15(e)
G2 226 CCH S4¥
3 14C FSET 6
C4 83 HC 806 482
9005 846 C= Su¥
3806 68 WRIT 15(e)
B8C7 208 NC 9ana -27
$908 229 C=KEY KY
09 378 MeCN
SICA B7F JT 301) +oF
IAB 139 LDI S8X
EE 308
CD 308 CLRKEY
WCE IC KEY
Se TR  

  

  

5002 882 7HC0D BIC?

 

88D1 266 C=-1 SY
802 305 UNC 9800 85
2003 181
84D4 879 7HCXD 1060
8605 830
2906 261
8807 869 OHCxa 8693
8008 273 JKC 9406 -32
a0 110
390A BIC
3908 1E2 CCC WR
SAIC 127 JC 8189 24
8800 B5A C=9 0
SOIE A5C B= 4
26DF B58 LAR {
ED 1IR §=0-0 |
BOE318 MCC A
BGE2 623 NC 00EG +04
0E3 BBR ROC §
80E4 178 PUSH AIR
0E5 388 JHC 8906 ~3F
BEG 219 LIF 8
B8E7 10R f=0-C 0

4 28s §
307 907-06

BER BSC R= 4
AEB 116 {JAR 4
A9ET 919 LIER 9
BED 1DR f=fi-C W
BEE HSC R= ¢
BEF B50 LI4R ¢
FD JIA KE N
BFL DIB KL GOK 403
8AF2 BA AOC §
8673 058 KC SFE +98
S4F4 [DR fed-C KN
OFS 3A KC Kf
B0F6 818 NC 38F9 +03
S6F7 080 ROC §
B0F8 820 HC BAFD +05
$869 95C R= 4
S4FR 892 0=9 WR
83F8 630 4OL NH
SFC iFR CCC
BF) IFA CoC N
BOFE IFA C=Cel
B9FF 328 INC 8BE4 -15
8189 388 READ 144d)
8181 2FC RR 13
162 308 COST wp
$193 @9C 7F3ET 3
8164 B18 MC 8137 +83
8185 B04 CLRF 3
8106 813 JHC 8148 +62
8167 908 SETF 3
8139 30 COST 4
8189 330 RCR
8190 308 WRIT 14(d)
8188 171
SHC BIC WCHY 6257
80) 248 WC 8636 -27

  

  

   

113 99 *T*
LLL 996 “F-
8112 #95 "E*
8413 MOC Le
114 139 LD] S84
8145 819
8118 278 £m SLCT
8417 130 LI $44
3118 9D
3L13 IFPRPH SLOT
SLA 488 HOP
418 3F8 RERD 15(e)
8U1C ME C=h ALL
8110 3B FROY SLIT
SLIE 278 RAN SLCT
SLIF 369 RTH

—_

2128 885
8121 B13 *5-
3122 08F “-
8123 B9F vg-
8124 987 +g
8125 301
125 988 2He0 20r8
8127 130 191 sax
8123 02g
8129 308 WRIT 14(c)
8120 143
8128 B24 MCXG 9953
3120 368 PTH

e
r

——

2120 91 +1
BIZE 628 ve-
GX ME oxi ALL
8138 299 STOEL
8131 278 RM SLOT
8132 230 C=L41 0
9133 Ir Key
8134 3F3 WC 8132 -82
8135 138 LJ 58%
8136 ag9
8137 10E fer ALL
8138 35C k= 12
2139 16 fA-t 5X
813A 3FQ LSHFA N
8138 342 eg 6p
813¢ 3B JKC 9139 -93
813) BE ROC ALL
B13¢ BEB WRIT 3()
813 308 CLRKEY
6148 30 WEY
8141 377 JC 33F 42
9142 36 RTH

 



43 0L
S148 996 “F*
148 #14
145 995“E+
8140 813 “5
BL4E ABS -E
BAF B12 197
8158 QE C=9 ALL
451 279 RAM SLCT
152 29 R= 7
B57 806 LD6R 3
£154 339 LDBR J
3155 85% 8= 4
315110 LIAR4
8157 218 LIRR 3
3158 363 WRIT 1404)

 

 

8159 368 RTH

!
SI6F B92 R" i
2179 118 p+
871 £14 Tr |
172 508 WP
8173 #86 AOL 54K
$174 380
$175 85% WCBO 1E3

3189 953 4
3181 B4E
8182 414
8193 53 READ 3X)
184380

4185 908 CHG A267
8186 380
8187 858 HCGO 1663

  

A1ER 494 +77
A1EL 1 3
FUEL #6 *F
B1E3 804 ]°
BIEL 818 *P"
SIES 415 U*
31E BFS READ 300)
EZ B45 08 S41
BIER 226 {=(+f $8X
BES 160 RER 11
SLER 330 FETIH 54%
1E8 185 #:C S81
BIEL 226 CCH SAK
BIE 849 NRON
SIEE AC RR 3
BIEF 86 ROL S81
8IFD 226 {=CHl SAX
BIFI 1E6 (C4SAX
21F2 (BC RER 11
BIFT B46 C=) Guy
SIFE 1BE 4C ALL
81FS BFS READ 30x)
317g  
1F8 230 RR 2
BIFE 21A ©:

 

8 0
31F) MA HROH
IIFE BE [=A ALL
BUFF BLA £8

 

8282 148 GRON
3293 B46 {=6SAX
284 230 [2041
8205 648 WRDH
8205 230 0=C+f H
3287 M49 WRON
5298 3E6 RTH

 

BOLE DENG”
20161 18
83 BODE
94 SF58
AGHLEL BY
6 LEFF
a7
2670 81
a9LBL 1H
10 QUIEN
1LBL 62
12 LEFT
139
14 570 82
19BL §2
16 3F50
170080 82
18 LEFT
ne
29 G70 3
21681 13
22 GISE
23EL 84
248
25 870 84
260LEL 14
ere
22070 14
29 END

BLALEL -vgR-
2 "he"
83 Rel {
84 ENTERS
85 ENTER?
96 ENTERS
7 -
8 RCL [
89 “RON 912: -
18 XEQ 81
11 XE8 8
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B92 308 WRIT 140d)
8193 30 &TH

 
 ALLEL +{R

62 |
03 ENTER
94 ENTERY
05 ENTERS
96 "PUSH R/$"
87 PROAPT
B4LEL 81
wa
18610 81
11 EN)

12 XEQ By
13 AVIEN
14 RTH
15eLBL 1
16 ENTERS
17 ROWS
18 BIEL)
1964
24
2 BR
22 ELK
IRL T
24 RY
25 Re¥
26 RTH
27 ENB
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92 F210
87 FOF FE 
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APPENDIX 3

Other sources of information

This achive language Interface is based upon the Machine LanguageDevelopment. Laboratory designed by Lymn A. Wilkins (734d). This design waspublished in the PRC Calculator Journal V 5 N 3. This article gives moredetails on the construction of the MIDI, although this is intanded for usewith a wire-wrapped board, as opposed to the printed wiring board type ofconstruction used for the MLL.
The available literature on the subject of microcode, is very exten-

sive, but almost inaccessible outside the major programmable calculator usergroup in the world, PRC. This group was formed in 1974 when the firsthandheld progranable calculator, the HP-65, was released by Hewlett-backard.It was then known as the 65 User's club, changed its name to the PEC Club in1978, and was incorporated in 1982. AmODGSt a wide range of otheractivities, it publishes what was ariginally called 5 Notes, but became the22C Calculator journal. There was no information on microcode (the nameoriginally given by Hp to the various assembly language, or machine codes oftheir generations of hand held calculators, both programmable and non.programmable) outside of the pages of the PEC Jowmal (and the 65 Notes),until 1920. The Melbourne Chapter of the PRC Club, PRC lielbourne, startedthe publication of its own user's publication, PEC Technical Notas, in 1979,and has printing information on the subject fram 1380 on.
The PRC jowmal is available only to members of the PRC Club, at anannual subscription which varies around the world. For a sample copy, and

membership application forms, write to:
PPC, 2545 West Camden place, Santa Ana, California, U.S.A. 92704,enclosing an 74 sized self-addressed stamped envelope (two ounces, airmail,or International stamp vouchers for the appropriate amount). The same

material is available fram PC belbourne.
Subscriptions £o PEC Technical Notes are AS20 annually, and back issuesare available at ASI0 per set, plus postage. (Airmail rates on back issuesrun to well over A310, depending on the destination.) Send Bank Cheques ormoney orders, made payable to BEC Melbourme, to:

RM. Eades, Box 15, Rampoan, Victoria, Australia 3182

 

Only the essential references are given here, For further reading
relating to the subject, see back issues of the PRC Journal, and PEC Tech.
nical Yotes. Anyone wanting to program in the HP-41c/OV microcode should
have a god grasp of the operating system of that machine. Suitable texts
are:

Wickes, W.C. Synthetic Programming on the HE-a1.
(Larken Publications, 4517 NW Queens Ave., Corvallis, Oregon, U.S.A.
97330.)

Jaret, K.  1p-41 Synthatic Programing lade Easy.
{SYNTHETIX, 1540 Mathews Ave., Manhattan Beach, California, U.S.A.
$0266.)

odin, J-D. au Fond de la Hp-4fc. (In French.)
(3-0. Dodin, 77 Rus du Gagire, 31100 Toulouse, France.)

The latter is (to date) the only publication to give an elementary
introduction to the operating system of the HEvdlz, and to the subject ofsynthetic programming, a knowledge of which is. essential to seriousmicrocode work, outside the walls of Hewlettpackard.



APPENDIX 4

CONTROL SIGNALS GENERATOR

(After EPROM Power Supply modifications.)

 

 

 

fl 4a oalee oat TSN

[a St. 0—
1; ores , 

 

 ww] " yetnocoeoir Po Zaad aTi pean £ ras
Tl Er) 2

2fa 63° ene] THToonI &7

 

 

   

 
 

 

    
   

Low
fo Bi4: Sim

ap cas fas,
71% 50r 3. wr 7 2swe] &hharBl Lege

aEgs | as2 

 

     
4 7%;
Joos,
oar Enage
isa ea

fit     
  
     i]

26
i woORTE  
 



Microbaua

Developments

MACHINE LANGUAGE INTERFACE
LOCK DUGAN SHowivGDATA ANQ_ CONTROL PATHE.1, 02,00 BASE. COTSC7, CU, A0E NOT SHOWN.

 

 

   
 

 

 

 

 

 

 

 

    
   
 

Fs SET an snMTmor Soy JanosaTSoa BE ramaal Ee[. 7 —
Term55 ees ri lit 10,1 1050-51

==fovinc ous
aE »apo|

s
e

nenEra 2om Ge ;
cos| name”

Ja foros: omen aawos —
pre -[rT rar      

 

.
Ao-9

row a ol

 

 

  
 

 

i orsSE
wg onSf

53 crap
_or J 1

——
Bi

L

4aoe levane STSY uiISA
Tao
200 gos 0r an     ISA INPUT SHIFT REGISTER

25%S57St| Lo A= 207

 ty
 

 



  

  
 

 
 
     
 

 

 

   
 

       

 

 

  

  fk ah i
4 EPROM enzo)

      

 

 

    



 
    
 

     

 

PHASE COUNTER

  

DATA INPUT SHIFT REGISTER

 

  
 

 

 
 

   
 

       

+ Ly a
—- asSp
2 ws  
 

  

 

 

 

 

 

 
  

   

3 L.s TE) FO)

pono

2% are. [75s pd
ear [2 z fn 4635PT) be
cs7pr 3

I2:3 
 

ui
rr aot oo

po ps ps ps ps or ool    

 

 

 
 

   =
mE|   

  FT 15a OUTPUT SHIFT REGISTE
AND DRIVER

 
  
 
yirva



4K CMOS RAM

re ema
 

     
  

 
    
 
 

ps
“ail 15 Js
GEE]io
“5p ~Mb ptm Mb
Wie glad] Pulm 6 

pr

og -
”

log a
af

 

 

 

   

 

       
  

NOTE: Coreoibis bs acres
lowe ABAGA wb Shou

 

 

 

         

 

BITS AND PIECES
 

 
maeTm ros vr

ioe pr

tor? oF |

       
14400)

 

 

 
 

 

I

ve To

thi)
POWER SUPPLY

     
 
 

 

  
EPROM FORMAT



W
V
H
O
Y
I
a

O
N
I
d
A
N
L
S
1
,

 

 
 

 

 

 
 

 
 

 
 

    
 

 

 

 

   
 

 
 

       
    

  
 
 

+
 

thy

a
T
a
l

T
m

W
-
d
H

F
O
V
A
H
I
L
N
!

.

F
O
V
N
O
N
Y

I
N
I
H
O
V
I
N

©
S
I
N
I
W
J
0
T
3
A
I
A
A
N
Y
E
O
H
O
I
N

mi
-
H
L
e

H
of

ef
|

eel
[1]

1
E
C
E
T

wo]
fia]

fon|
wal

za
al

|
L
A

b
d

b
d

L
d

L
l

tad
Lal

Lad
A
d

Lad
Lad

aioll
|

mist

or
or]

fer
corm

lon]
P
e

bod
heed

bod
Bod

feed
buoy

feos]
ford

booed
zn|

fen
S
L
I

fel
feo]

fool
feo]

[wm]
[wl

fa
on|

fan]
ian

IA
1A]

N
d

A
B
R

LER
A
H
E

io:
o
l
d

arog
o
n
:

]

h
o
l

=

5
worl

kor]
eos]

ues)
ol

LF]
en

fan]
laa]

[an
or

n
L

uons|
ova

a,
pis

Py
an

zoe
uz

ai
2
F
T
C

wre
.

cu
wu

su
2

M
nl

f
e

P
e

A
l

4
b

I]
I

sons
a
m
e
t

lovrm
xs

BH
ood

°
o
t
h

°
serv

optoa



EP-4L HACHINE LANGUAGE DEVELOPMENT LAR - MLDL

ITROByCETON TO TUEMIL
© built the Hachine Language Development Lab for 8 toy
Zothat 1 could play wiih the inner language of the
T-51a nen Lt Forked out that other members Of PPC
haa uated to toy With the saleulavorrs inner secrete
Tovepetecy surprises) | Gecided to veleass the deriga
oRohcormarcisd use, The introduction of EPROM boxes
aire Snares the WLDL grolsct. Some PECETS will want
Bret ery own pachine code in EERON. But it is very
AIEicuit ea dabalop machine code without a reasonable
ar to test it. The WLOL is snail. IY in portsule.
Ti uasy to dae. And 5t lleva the mediste testing
IE aching Tanpusse code.
 

here ars other, mors povseEsl, vaya to develop cod:
Vor instance, Cau] Lind (8157) vieA a micro-remputer
U7 2 Bun] part RAW tozd, The Computer sees the
$hacda’ van S575 Pair or 1/0 pore. The WP-4lsnes the

PPG Calculator Journal

estat nis Sommuti 0 desian code for tie 1-41.
foes en sdisar, assambler, disk storage, eave

 

autincer

So

thé vorke. Ch packago of schemtics is
TATIRAN EOF o mwinal foo. For the details sand
A7BRSE Lo panc/a ago Sesnd Programing, P.0. Box
B28, sediia wh SAI031
fhe WEDL provides thrce functions. There 1a an EFI
ray th Brore. the spacial Functions useful tn the
Sha Ear Ts un Tio port which 7% tobe uscd ulin
Ebon proarammar. ang there is u NOS memory array
The eno Levey ia Galles FONE for mM Experimental.
Toe io unre aching coda can be ToRAEA and texted,

 

The 4X words of KPHOH in the current design sre
Mvatats for 5 small sgsarhier and support functions.
Hora BenON could be saded: 15K fatal vould be mo
ethic. Bat the commeolal BTRObokas ace probably
Tova convenient.
zhe 1/0 port may rove to be amesessary when sonesne
tarts ob iling an EPROM programner that runs on the
BEeThe “hen mabinaon (8031) tells me that hos hes such
SF aevices Aloo, thars may be some users who will Tun
halr colle from tha MOL, They may nevar make hard
Gopiss in ERIM.

 

the 4K words Of RONG is a lot. Nest machine code
oetines vill bo one hundeed to two hundred woras long.
Soera"te Yon For a 6k of programing in four thousand
oraet
The LOL is convamioat, inexpensive tool to help
Tice ard fet WP) Maohine Lanquage cole. ere is
raboniy only a handful of PPC sambers outside of NF
ro hei anh lia Lo run their oun machine code. kell
ow is yous chases to.

 

fet me Ldentify the theee types of code used Ln the
te

 TmsiaTep sew coos

User code is what ( describes ib the KE=AIC/CY user
Tamia rE iy the code. that Fane, rational, ordinary
Cilialator urges wee, User Code will satisify us of
Seer evan. Semthatic Programaing, since it Ras boon
ECprad by why ie tsar Cota that will satisry another
3a ot ushe nacdn. Ges Code 18 Good, weeiul STALL.

 

eensiated ser code is ons type of code ugable in
Roma and EPRONE.Tvode is Uber Coda whih nas been
Todified to Fit the ten bic HOM word format. Te PFC
om gas initially Deer Code. It was pare of WP's
Tohuioe bhen profusing the custom ROW. to provide the
oaification. T-oté can he identified as KON cods
Rich fan ba cOPTad into user RAMSEY.
Machine Code ia the ther type of code vswhle in RON
and rows. Machine Coda ie the native language of
the moroproeseor Used ¥Lenin the H-AIL/CHs The
Sale™Se forproperty Callas microiode Moreovis ox
TerAnts eesSi opniarlons urna
Control thks pare af 3 Computing -..;machine shich
Soppiias the pulsen for operating the aries sssociated
Sl SitIte Te
Yi iias nhe past ay To Design an Aetomstlc caloulatin
NaoningFCTBEATETA TaLorotesse” Tewrong.
Faeione everybody dors ir. I Shall use the
Gompramize term BCode.

 

 

 

this ia a ‘broad bruh’ description of how the MLD
Jorkes fast a6 the Block Blagren 18 a large scelo
To outer “Dotails of the individual blocks ara given
Die BUIEOTHS AND CHBCR-OUT saceion of iris article.
The ngcanssey Haskaround to inderetand the NLDL/YE: iL
interace in in tuo PPCJournal articles. Dexrr
PRC INS and Meclellan’s FOC VEG.

 

 

St is al) very simple. The purpose of the logic chine
15 £0 Shift ue the propar Dita at tho proper time.

 

The ten bLt M-Code words which are shifted out the Ish
Tine Ss the Kredi viiziaste in tha BRON, HONE, oF ine
Topas Ports ‘The Adsrees Bas 1nGs Ah(C-d)dstumine
non Soa lected. During a machine Syole sixteen bits
GF nopadres 1a snifrad out of the WP-4l on tne TSA
Tine." ho Ten Inpit Shift Reqistor takes in the
BiBice Tits and Snroiis them. ISA ERARLA saves whe
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Crptused sadrsss onto the address Bus, Comparator
Etnies in the Conteo) Signals Generator look ive 3
atoh with sither the NPRDW address, the ROME adress,x the Input Pact pases, 17.5 Baten is detested onsCF tha contac sivhals RAMOS, TXOWOT, or PONTO i
Sesereos ans ac. the proper time he faa Output SHIfLSeance15 Tonaca wiin che ton bit N-ode unich is onT02051. “rhan the word 1a shifted out. The sourceSB icone Ts ensbied by the control signals RANGESSoba with READ, or EAGHOT, of PORTO:
It 1a chvious now the ton bit Machine Code words ger
irte the EPRow and the Input Fore. The ROME 1sn't so
Soviowa: The Rand is loaded in reponse to a dpecial
SAITE six instruction, 010; The. ingtraction ia a NOPLo IRe hoa] no St dose noting during the following
mchine cyils; The XEDL intargecs the instruction
"nd seas the PATA Bits ss a ssucce of addres and code
Gord, The NLDL writes the code word at the sadress.
The © regiater out of the Med] CRO it repeatedly
Tacened into the Data Input Shift Megisrer. 1° is
Litched at the ghase where the least significant bit
fC becomes PLD. Tova the lowest ton Bits of C become
Shera Bit word Loaded into the EONS. Every
Snwtrogtion ast of ihe HP-41 iv leconad into the Toa
Input Shife Register end sent via tho Addrers Bus
846s) to the Control Signals Generatar. The WRITE
Eor'IE doolos and the naar mignificant hits of the
Fats Input SHATt Register sce gated onto the Address
Bac ABI.) Data Lines DL(0-5] are e130 gates to the
SON Snpus. READ is gt assarted, a writs, and wpen
Ricans Dx sasereed theGn bic word on LG3) is
iitian nto the RoE.

 

Lt is not Gifficulc to build the NLOL. The builder
Shotid have some experience constructing slectronic
roesta: 11 vou sheend ca bulad the HLL youresif,fportbonrd,’ “wire wrap,’ and bypass cup’ Should be
Fomaliar terus, TE jou dons Xn which aise of mn IC
i up, ind sonabody who does. A Familiaritywith
A{5ita1 1601C will &lasat guarantee a working HLDL.
Boat Bf tha Ti used are Gatsiied in the ACA CBS
Tntograced Circuits Data Book, 550-2505. The details
my 3ieo ke in dita books Fram other 18 manufacturers.

 

Let's establish some ground rules. ICs are idemified
by the’ nurbex or geacyic gart numbers. For seaaple,
Cla 1s B25. Parficules IC ping src idengificd byappending the pin nub: to tha Sesociated § naamer:
BIns'2 na 4 of Die are called out aa U1s-2,1. Signal
nanca ave Ln copitel letiars, Pas sxomple, 15h or
PRomon. The azcaciatos fonstion is dewionily sscerted
Shon the 2137] voltage 1% high. Bat, if the name io
E1lonea by ihe astariok ihe Punction’ ix exsecied shen
She signal voltage 1s lor. PROMO! is asserted whon
Cl-1o'ta a low voltage. For a alenal group 1 ay ue
the ahort notation 5 of AB(O-FI Inssead of ABO thra

 

 

Tae MLDL was designed for easy modular contruction.
Ai oseiitsmropn wil] fanilicabe nachos, Bub shonid
not ho nacossary. A simple logic probe will Suffice
Tunica youtve Yeslly sor your wires crossed.) Tae
nsthastions procesd in settians, Each sectitn Gill
S211 fax the Cizing and heckavi of 5 mdalss block
GE Civouita. The Shock-oue alup Sees into the how
and'vhy" oF each block's operation. Eecauss som 10s
Sra loka Sn nove than one Biosk nok ali the inputs fo
The 10 m1) be hired. ‘For exarple, 013 is wasd in the
I38 Datput Site Regiotey and the Consrol Signals
Ground. 1 wes a contrasting wice colos for this, It
Relpa in Finding fo inputs later, install only ne
Tox union axa wired. Beoceoding block by-block whit
help fateh misuires before they are hopelessly buried.
The spprose: Sao providen positive (1 hope)

 

Zach section calls for
1. organizing the parts lajost.
3. Riding thi circuits together av shown on the
3. Poulin thicking tne wiring. Make sure the

Gnpred Lnputs are tied low.
2. Snetatiing the 16s,
31 GReiTying the blacks operation.

Steps 1 and 5 are ton thinking steps, The stepsEifean demand cars ans sreemiion. foe meat dinely
Fronisns eli be Piswizas or shorts, The next mostLikely pribLon’ fo a mLsundnrseanding OF how a Hiosh 1%Sumposal th operate.” The bisch may work pakiestly buC
on mane Think oemassiag, Talk Lf over with a friend.
The Tol ching to nmsum ix bad porta, 1 do know how

28 PPC Calculator Journal V8 N3

very frustrating it can be to soacch gut the causes of
Trablames © syspnthize with your Aifficulcy when tne
Verify Siss dobentt. but it ir jepractlial for me 10
berachatly ais you, Do noe call ne. You are oa your
Bon"2 aula appracinte a loiter dusciibing in detail
ny problem you Ray have when building tha RLSL. T
131" Koop # Trcora of auch problems and if commn
Teobleas develop 1 will £Ey to. adeesa the causes and
Finlish fixes. x would aire like to Tess aout your 

Section 1. The lug. Te plug which connects the Me-41
Eo tha MibL 13 vite] to the succass of the Brojoct. The
Finishes commactor/casie Assembly must be rugged. You
i11'be pinging and wplumging the NLDL often. 1
Tocomend and 03d Meaory Togule Which can be cpensd at
ReTaan. ‘Unsolder and throy ous tha ciseult board.
Go ribbon cable or single wires to comact to the
HIDL, 1 recommend 8 DIP plug at the WLDL ond. 1 used
5 Sixcasn pin plug into a Wire wrap sockst onthe
Srototype. Thmocket hed the Following pin cute.

 

 

w »
vee 53
Gan eo

arn ere
Ti sve
2 Hi

 

The length of the cable iz imeeTesat. Don’t try to
Compote with Ha Bell. Ba warned that the longer fhe
wires the mee 1ixely will be slaccro-stacie saused
Crashes. The HP-Als thot have bach ead wlth the
Erototspe KLDL had fo trouble driving eighteen inches
CEVirer® Fra verification of this saction a to double
Ghat the izing for continuity and mechanical
Sncegrity. he sure to identily tne wires at the MIL
EnTo\%e the memery module hack ogsther and set ihe
Shie dasenbly aside.

 

 

Sootion 2, The ROME battery and the EPROM cover
Suitch, G0DS BND GNDS shows » battery and Sheds
Sirouit. “The batteries sc these to maintain one CHOS
mamory while the MOL xs not connected to the
Caloulator. hve AA calle showld keep the WLOL slive
Sor tha shelf 1ifs of tne bacterias, Replace them
unin the total voltage ta the memsriea drops to 2.1
Volts. “rhe 300 micrortarad capacitor will SupplyDre Mir While you shange ne batteries, Jase sant
take 11 day. The Control Stanals Genevstor shows ®
PS control sireuit somerising a 2MIs0f Cramsiftor. a
Toa Tiantemtringdicac and fhe 100 microfated
Zapacitor, VPs 1s the power for the TPROHS. The
Sianaistor ia the wulich ohich suas the VOS on for
Ene time that the FRRONS arn vied, Becaume VPS is on
Zor only ono phase time, spesded ub HE-11s may not work
with the MLDL, Without the suitch the ERONS vould
Consume hundreds of milli-anps and overload tho
Galculator’s power supply, The red LED provides a
Cixiain Voltage rap Shith helps match Lhe catgut
altege/eursent chasaoteristic of tha CHO gate, U7,
With the Grive requirements of the NID. Any simple
Ted LED iLL work: 1 weed a MSO type. By the way:on*t aspect fa see tho LED Litht whonever the EFRON
i2'accaased. 141% does Light: something is Srong.
The Rateesy and VES control tiicuits ara simpis enough
Co verity Ty Wimply chaexing the continuity, ehecxingShe"aloat ppiarity, and checking the eniteaf-haser
cotstetor Canmactiona on the transistor.

 

 

Section 3. fhe Phase Counter, Recall that the Wp-41
ats oedkeysix phan aacnine cycie, The Pham
Counter maintains synchsonisn between the MDL and the
NE-41. FOr example, ANDing the oucpus of the tena
Eountar C15, D3}, vith the outpur of the Unita
Counter COL, D310, yanerates a pulse in synch with
“he ELrty£bureh phase, Tha pulse Ls seed to reser
the Phase Counter whenever a SYNC is missing. The
P41 generates & FAC only nen fetching a au
Sntrudiion opeadn, SINC ia suppressed when the HP-il
Eotcnos on Inmedinte operand or executes & FETCH SLX.
The last falling edge of SYNC resets the Phase Counter
m3 Forces syachzoalem with the caliulator, Note that
Sho phage mimonre used in the WLOL sre Shifted from
Those weed in the Delrzas sriicle, ‘ie in a good
Siazoine to determine which vay. Dovhls check she
Siting or 1, v3, 03, and UIs (This ithe Last
Varin about thé umbeed ippote Tie. them lar) Tho
ine his"Gone Lo connect the WLDL to tha RPT; Dont
Srpact a Tot yar. Press ond Haid doun the ON key.
TREwilFoo the talowlater generating slack pulses,
ou ony wish to write an endless Soap rhutine ih Das
Cada"th do the sone les a Loaic probe or
Goei1lonaope toverify thaw thera is a paricdic rest
alse 2% D134, UL15, and DII5. The hagner cucpurs
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of the Tens Counter, 03-5,6,9,11, should remain lov.
Tou ahould also check thai the Kb-dl sisnais, SL. Bi.STC, 158,BAT, ana VCC ara thera at (he End oF the
mon’ can1d axcanbly.
Suction 4. The Sata Input SIC: Register. Recallhat the Daza Line 18 the contents of tha W-11 cPU'a© register. 04, Ds, UG, sna U7 Ixteh the serial bitStream ac ihe phase which stops the least siqiniflesseBit of the C register at pin seven of 07, ILO, tnaBATA STROSS signal ia produces at U14-10 Thi 3
SEU AND Gate 1s shown with the Control SignalsGenerator, You must wire U1 along with bay U5; us,and 07. orify the wiring by running the saloalatorAnd shicking for a paciodlo BAER STRAGE. Ensbls theoutputs SE 04 thr U7 by. temporarily witing BhTaENABLE, Nigh. Chack tat none of the outputs of 0¢thre UF are vue nish of Tow.

 

Section 5. The Te Input Shift Register. Oland UISdooode’ tw strobe pulsea each machine cyole: Onstrobe pulse latenas the inetruceion into 0b and UO.Tho next atrbe pulse latches the next instruceionaddress into Us and U10, Temsorarily tie the [5AENABLE high and verity periodic strobe palses at 09-10d U10-1 A160 check that none of the 03 ox 110
Outputs ara acuck high of lov.

 

Secticn 6. he Control Signals Generator. Be vary,ery caruful vhen wiring the concrol Block, Tt ix fheheart of the MEDC. Kistwher hers will be hard to find.T23 and 034 are Samarator ciEcerts which seisct thePROX or ROME in response to Che upper four Addrossbus lines, BBCP): 03) compares AB(C-F)with the
Bper half of the address seece of Whatever port heHEL 12 pluged nko.

 

 

Port 1 pcx
Fort 2 - Bo
Fort 3 = bin
Fort 4 © Pot

Toe output of U23 is used 0 select the EFRON. 024
compares. AB(C-F) with tha ROME adaseds switchas and
selicts the ROME Whenevar there Ls a maven. fou can
map the ROK into any 4K block you wish: But watch
Dut. Blocks 0, 1, and 2 are uead by he Toei:
30, 02S, VIS, and 033 decode snd latoh the wmITE sixinatraction. WRITE Six 13 PtoAlly an WE-41 HOT: hex
code 040. 020 U23, “and U15 decode the instructionEield from the'Isa input Shirt Resistor and 013 Latches
the output, Setting up tne MOL for a writa fo ROME
asquence adescribed in UNDERSTANDING THE MLDL.
U21 and 026 used to dacode cerein of the hiihastsixiten addzasson in the'SeRoK pace. For suanTis.ha 1/0 pore ia at Xere.
Connect the MIDL to Port 4 and press ON. Theceloulator should function since nothing mrs basbeen connected tothe port signal linea, Verify that2 sequence of periodic pulses ate produced at DIT-i0uhensves ON la’ pressad.” Tha EFRON avtpus signal ntT6010; PRONOY, chouia be a wimilsr sequence ofnegative pulses,” See the ROME address switches tohe lower Talf of Tort d, TxAX. (Wal, RAZ, and RAshould be high.” To should be lov.) GEN muse bahigh to enable sOME output to the saleulator. Veritythat OL7-6, RANOY and ULS-4, PAMCES, produca aasquenco of negative pulses ainiles th PROMOS. TheRAH pulsos will be s Bic marzover if you are isinga *sCops, since thay are Gated by BL.
Section 7. The Isa Oueput Snifc fagiater, DLL and7 comprise the fsa Output Shift Aegigter. AF mpaseSorty-Cour the shift register i Loaded with the dareon the input lines, 105(0-5); The data ir shifeedSU to the N-41 during the last ton phases of 8machine cycle: 020 1a the NLDL Ie line drivers TheELip~flop, U13-2, only enables the MIDE output duringEhe Last ten phasos Of 2 machine sycle in whieh thoEPKON, OME, or THPUT PONT vas addressed.

 

 

 

 

Wire the Isa Output Shift Ragister and Driver, butdon't connect he ouEput of the Drivar. 02i-ii id, teISA. we are not yet ready to vend eninge. ro the APil.eck that D132 Pulses when OF in prassed, Groundthe input pins ro Til and 912, 108 (6.31, Verify ena0 pulter are output at U1d-3 while che calculator 16Iunhing! The next verification taps sshe fives botThey S¥i worth Lr, Seact with TESOL Wits the inputLine hioh"and verify a pulse out at 012-3.  Rowirsthe Enpat line lov.” Do’ the tame text for 1081 thru1059, Drvize 108 (0-3) From the seownd. Connactprathi-ytiy

 

Section E. The EPROK Array, The 2732 is the L EPRow

and tho 2716 ix the U EkkOM. UG La 3 swicch which
SUEets fac cifras paix of u DEIN Duipirs tu TOF (9,
5).""he pair io salerced by the lowest address linas,
230 one ABL. Vou will nacd to imecsll FROM Kick
Gontain wax and Kowa Ran 3 CATAL 2. ou should
S503 Corglete TOROM faralod. ASELgn AWM oa ey.
G22From the DRC Roof the machine cece CODE ta
Sransfer the alpha vord PFPFODD Co the X register.
Key xinou and na pelea should be produced at UZ,
Greta TL you wabh tn install D3) amd 032 you can
sou write tu tha Dukpur Bark. Check that SEM Ls Lor,
Uae The Deer Coda routine NROME to write to the ROWS
OTLEY that ach XoROW seaerte BANGER BUL not READ.

 

 

Section 9, The ROME, Install he 5304s with the MLOL
Hsconnected fron the KE.a1 and the WIDL batteries
enovad: Install the WLDL hateries ané Sambect ep

"Chak chat ‘the ROKE sadrevs mxitenes Sie
Still set for block 5. as the Usar Coss routine
ZRONE © sero the ROME, RNG len‘: a fast Tovtiee.
Enable the ROWE output hy weltching REN hin. Us
ROME to view ROME Gontenca, Thera shovld ba nothing
but xexca, Travis it. You're done.

 

  

98¢ WRIUS and VROKE to yoke and peek around in tha
NEL. Dae WAM to lord a FAT ad Ask oF Tea in
None. nave fun, try sons of your oun weCadel

FORE £ills sequential ROME words with seros.
XEQ ZROVE. The first prompt is START? knter the
hex address of the first RNE word to ba varced: The
Caletlator 15 in tha signa mode, R/S. Tho second
Erompe ix ibs? Ener tha hex address af he last
ROG word To be autocad. R/S, Every ROWE word from
Che stare address ror aud including the ang address
rite

 

 

A Pre size block takes about elght munvtes an my HP-4l.
Non WP tunctions used sre kev, AHL, XoRaH, Cave.

 

  

 

wie fr
i Sr fra rer Ha
on Ee
Sat Bm

ane in
Got

n ErWx Hm
Bi zw
is 7 wet
ian Hines

EA

and
UROUE dlsplays the fOmE contents
ROME A1E103% Cha RHE contentsEbene,

 

 nd cen change FOME

420 VEOIE. The prompt ic "AODRESSI' Enter the first
He address to be aispisyed. R/3. The MB-d1 ahous
Che address ana the contents. R73. The mare addveeand Contents are Shova. Stes thrash the memory hypressing fs. Solace 4 nev stareing aodcems byEntering it inca tha alpha Zisplay. Step packvsrds
kaugn memory by seteing Fimg 1 true
XE WROME. The promst is "ADDRESSZ® Enter the firstPONS adizoca to be Lnvestioated. R/S. The WP-41
Shows’ the address and contente, Pressing R/S mill
Step through mamcy. Changs the contents of a
Hia51ay03 nenory WoRa by aatering the new contents
Luka cho altna Atapiay, 20. The adres and thenex contents will be Airiaved.

 

 

Noa 1p funccions used are v-x, OR, ROMY, RL, KRG,

   
asa wow ws au ae
oo ni” aseso Sonn 3rrjive FE mtWi ior oobia 2 Com i inNi EE al
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ans an rn
an 3a bs

for ior Si
Gi Wien Sd
ia 2 &
Wg 5m a sed
15tie a So

See am
3ho ir
om 5 anBima fh

Bis

2 C413 Dual © Flip-Flopv1, oly
2 24017 becodes becimal counter

uz, U3
© Cbi0sd s-aie Smart ond store Registeri, us, 06, v7, vs, Tio1 coins: piterential ¢enamel Multipisser

 2 CDA021 suatage Parallel Ingut Shift Registeroll, uz
2 Dab] Quad 2-input WAND24, v2Y
2 coibal Quad 2-tmput mun

ws, wd
cuba Triple atopnaw
1 coebad Triple d-input Mm

Ih
1 codons setmpur NoR/0R070
| CDE0ss minus NAND/ND21
© 252012 bual d-input KAD
2 CDA063 4-it Magnitude comparator23, 024
2 CoAD28 BCn-to-dacimal Decoderzs, van
i Cheba Hex Butter/Inverter

as
1 00450) d-state nex muttervzs, 02
+ iC3-bie Laterol, va

to mCsSoini-2 axel cos mM isis
HNL, Wa, H3, Ma, HS, He, uT, MA, ho

varie 2hEeroErb
1 2137 tie Semon

© eens
*Pusar Sowa Pengeaming selic a MLDL MERON sot.Fur 625 you get RNIN, XaAGK, CODE, oRCODE.agwsnca. Recomm and fome mae. Five
the dosimantation that el3s pial Lie routingsdo: “Ra35 For mailing outslas of the Vs HadSina”

 

200 now apowess seach
Me “PPC H-41 Assembly Languase Listings number 2°given 3 shore description of the HPAL RONOrganization. That infoemstion is repeated here, Theaddremses oro given x Four hex digits: Fer semele;HOD Teprasance the fiver sdaraes in am 3 bieck: fn=2ch GK block shove S001, tha only blocks allowed ForXEOMs, thera ave a number of pressaigmed address noiused for ‘inatruction code. The feilaving tabie Lirtethe preassigned aderesses and deacrimea chess vers

 

 

XI00 The XROM number in hex, This in the first of the£0 numbers you sec yhan viewing 1 progseRnedBOY function’ after the ROM maduls hua beenremoved. For example, the Function ARON 16,07would come From = BOW with 010 stored ot iheTies adaresn.X01 The mumber of Functions, in hex, which arealspleyea in a CATMAS 5.002 theo
XuMit The Function address Table, the SAT,Rex aquivelent of 2 +1, where § 13 the numberoF tucticns.  Sixiytout 1x" the manimon numberssox Too Rs ad
oui 000 Lim

The two aul) words maw he ond of the FAY.

i se the 

 

 

 
Each entry in tho FAT requires two words. Thereis 4 high-order word ot the even numred addressana"s Lou-orer word St the oimembered ajdrase;The Riaheorder word contains the moot eignificent

0 PPG Calculator Journal v9 N3

byte of the functions starting sddress. The low
OTder word containg tha least signifies hgteOF the Functions sterting sadress.
If the function Le written in Machine code theTAT addrans 1s the Madrass of tne first axerscableinetrustion, and bt hina of the high-grder wordis zera. If the RW Function in In T-code: ieEAT aadtess coints to the Triet byte of tusdesifed USER Labol instructions and bit alas ofThe high-order #AT word is one.
In ast SONG the ROM nen is the first functionTioted in the FAT. Thin ie Just x machine cadeFunction with one’ instruction, return. This is aBimpla trick to 1iat a RO amma’ Firat in aCATALOG 2. Thare 18 no seqwirament for a ROM tohave o name.

 

000 thew gas wt 43
JTF} hig ia where the Machine Code goes.
XPTA Those are the seven scented ntry points. inle:you Know sxacely what these adasusen are for,Sot thom £6 100, Otherwise the eaiesiacor will

crash or be peyinotio,xeon the
KFTE Those yords are for the WOK revition number, Tnespace Is availible for tha HDL aser. Tt will mereal to identify your oun revisionsITE This is the Rou chee sum It Ls weed by theDiaqnostie Rom to verify the contents of WE Rots.

 

 

 

The sdiresn space between 3000 and 4PPE La availabe,It should only he used by tho experianced Mamnine CodePrograme,
xis
The following ia the Function Address Table from a
hypothotical KOR or SPRGN which contains the the
“Useful ieCode Routinaat and 3 User Code Zastine, Test.wnoae label Ls aL ¥373. The FAO mmber is mingtoon:

 x000 013 he xRnumber, 19,001 0s {one Wamiet of functions Sn the PAT.02 aga :
003 ex je
004 000
Joe boy
om az
fre :
X09 pic
oon 205 :
00m 673 trresre
x00C ous :
xooan tne required midis

 

 

soe userur, necoe rovnmies
Toese Topeined were Seiten by Paul Lind (5157).The sadescsex ar for example only, The code ir

Posation ndspandent. Tore dunt Cross my 4h
Soundacies, By sure to 80a the aadcess of Ene Firat
Siscutanle’ instruction to the function sale,

 

Given a 16 bit binary address in the dows:
T6'51ts of ¥, ROMDX Ketueon the 10 Bit fon
ord in X and ne incremented sdazers in be

 

Joep imc ReR 1 fRetate left 3 digitsNose 335 FETen sax [Gat ho RON word

 

Noro 106 acc ALL iCepy te A
Roe OSE iClear address register
jrpent (Copy Re Instouction to x
jis iclear the instrustion
raspy Tinarement tho adress
ors 236 iMotate. the adatess to 4 160r

Given a Le iL address Iollaved by a 12 bir
Rov AR the Lovest Sire nf the x register,Xam wr 11 write the Lowest 30 bats. (The #-Cade)
The ous Sarena. hadrass woreion is nok
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Pair ox 00
Bair os, os
Baik 07) 00
100 12 stored in the 1 MPR

Lym a, wet(73001

aleured. 1 foss not contain the incremented Lon 1s
arena. wi

rors he 8 The To word st satvass
Tors i 5 : Roirues Xioo ann one ©EFRON addrows 012 sutputs 030
eee x ao
MRE BR aps iReas she x rgineer
ors 5d waric cx a0 is ihe MAL writs

 

Apeond character code in X to the Infr af
Eon Fagin

 

Tread the X register

 

ied Son mee ag Convert to binary Bonny
ie 20a Tachi jis = netive routine
iis 5a Ge am, + 1low byes of C into ©
fies 051 Tuc 60’

|

append character in G to
isl Sia “Viemenor jalpn sealster. areRND is

{Retarng through APPEND
© A mative routine 1a 3 Foutinn which is
Buin Late the Woal

Togale Lisy 58 to Size the printer.

  

1 Epson oar
he types of PROS uasd in the MLL and other MERON
Foes See 251 0kant bik word formats. The nP-41 uses
Sten Git ROM word Corast, Tha LDL uses one ETFO,
EheD SeRom; fos ina loves eight Bits of the ROM word.
The Jengt signiiLoant bit of the L EPROM is tho lease
Tenifiant Bix a the BON word: The upper tro biti
5 "Ihe ow word are stored in the U BEEN, Bach word
2% fhe U Renan stores the upper wobits for four
onsacutive RO words, The Bits are pairad az
Shiieared in tha sxwple calculation below. The
Hlioning TRON OF 53 for the W-Code rouvine TS5.

 

 

 

 

   
ST eel

[re oe

    
 

The nest example shows how to celaulate the U EPROK
hixian and position for a given ROW word address.
Write the RON word nddress out in binary. x109

Xixxo00100001004,
Smite she addrsss rlgne by tuo bite,

XeX0001000010,04
The value to the left of the binary point is the
Eero adbrons and the value vo the Figne of the
Cant ia the © FROM salt mambo, Fas a2 1snout
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BLOCK DIAGRAM SHOWING MACHINE LANGUAGE zgDATA AND_ CONTROL PATHS,
91, B2,AND PHASE COUNTS DEVELOPMENT LAB.
C7, CU, ARE NOT SHOWN.
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 AK EPROM AND 4KCMOS RAM        
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