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INTRODUCTION

The ProtoPARIO allows the HP 4il user to imterface to and from almost any 5 volt dewice,
providing 18 input lines, 1@ owtput lines, and Z output handshake iines. It attaches to the
ProtoEPROM/ ProtoSYSTEM combinations and looks like an BK ROM to the calrulator. The lawer 4K
is ocoupied by the PARIC-1A or some other EPROM sety and the upper 4H is interpreted as
Input/futpet signals by the ProtoPARIO.  Althowgh the PARIO-14 EFROM et is nof eandatory, it
greatly simplifies programming and automates use of the FrotoPARIG.

PHYSICAL COMNECTIONS

The three IC sockets on the ProtoPARIO attach directly to the FrotoEPROM board. Flip the
EPR(M socket levers forward and ling up the pips on the ProtoPARIO sockets into the ProtoEPROM
sockets, then reach betwsen the boards with & pemacil or small knife and pull the levers hack
to lack the ProtoP4RID in place. In addition to thisy the free wire on the ProtoPARIO must be
connacted to Y+ in the ProtoSY¥STEM. W+ 1s available as the leftmost hkole im the 25 pin
connactor. The 4K controlling EPROM is plugged into the rightmost 7 sockets in the
ProtoPARI0, oriented the same as for the ProtoEFROH. Get the ProtocEPROH select switches 1-2-3
to M-0FF-0Ny and et cwitches §4-5-6-7 to an even page.

Two complete sets of data lines are available at the bottom of the ProtoPARIO. Each =et is
organised as 2 rows of holes centered .1 apart for standard connectors. The leftmast i2
holes of the upper row are (left to right) IO, 11, I3, 13, 17, 19, dutput Accepted, 0B, Oby
04y 02y and 00, The lower row (left to right) is Wy, §2y [4y 16y IBy Output Ready, 09, 0T,
05y 63y Oy and GRD. A1l inpats (I9-1@ and OA) are pulled to GND with BB resistors if
unused. MWith two complete sets of [/¢ lines, it is possible for the wser to hook up tuo
devices or fo customize the comnector by using the wnused pads to the right.

ELECTRICAL CHARACTERISTICS

Both inputs and outputs are buffered to minimize possible damage to the ProtoSYSTEM or
calculator from external signals (overvoltage, ebc.). ALl inpats should be in the ramnge 3.5-
5.5 volts for ON and @-1.5 volts for OFF, and will require at most 1 vamp drive current poar
data bit. Propagation delay time (and set/reset time for OA and OR} is at most IBB nsec. OR
can source .5 mamp and the outputs 0908 can source 1.75 manp each, both at 4.5-5.5 volts.
OJutputs are latched in two CMOS flipflop areaus! J4CI74%, T4CITS. The OR signal is latched in
a 4BL3, and can only be reset by asserting 0A. The OR sigmal is provided for handshaking with
devices that are faster than the HP 41C. It does mot prevent subsequent outputs from the
calculator from being accepted. [Inputs are buffered through two 4583 {78097} CHMOS chips. All
buffer chips are socketed for easy replacement. #11 specifications given above are for V4=3
volts and ambient temperature Z5C.

The GNIF line should always be conmected to the external device ground. The Y+ output should
only be wsed through passive components such as switches back to I9-18 since it is the
requlated power from the calculator which does not provide much current capabilify. No
external signal should be connected to W+,
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PROGRAMMING WITHOUT THE PARIO-1A EPROM SET

The PARIO-14 EPROM set pravides various IM) funciions for simplified use of the ProtoPARID,
but is not required. The ProtofARIQ is programmed by using the CKISA (FETCH - hex 330)
microcods instruction, For the following discussion it is assumed that the PratoEPROM board
iz addressed at page E which places the ProtoPARIO in page F.

In this arrangesent, a fetch to addresses FEOO-FIFF or FCRR-FFFF will return B39, & fetch to
any address FBRBB-FEFC which has the final digit @, 4y By or C will return 19-18 in the
exponent field of the € register. A fetch to any address FEBI-FEFF which has the fimal digit
1-3; 3-¥y 9By or D-F will retuen 17-18 in digits 1-@ of C and @ in digit 2.

Outputs are generated by a fetch to addresses F4RA-F7FF. Add F4B3 to the f@-bit dinary number
to be output. For exampley to output BAQ, do a fetch at F4BB. & fetch at FASS will output
234 hex. Whenever an output is received by the ProtoPdR10, a flipflop in the 4813 chip
{availahle as Qutput Ready) ic set. If (R was already cety the new putput data overwrites
what was previously output. OR can oniy be reset tp @ by asserting (utput Accepted. This
provides handshaking capabilities with external devices that are faster than ihe HP 41 - see
the interface for the TRS-B2 Color Computer in the esamele at the end of this manual.

PARI(-1A EPROM SET

This EPROM set provides the user with & variety of input and output functions to control the
ProtofpRIO:

A% ronverts the last 12 or less binary characiers (8-1) in ALPHA into the exponent of X
A=3D converts the last 4 or less decimal characters (2-9) in ALFHA into the exponent of ¥
A=iH converts the last 3 or less hew characters (@-F) in ALPHA inte the exponent of X
fi-N0 converts the last 4 or less actal characters {B-77 in ALPHA into the exponent of X
ESCAPE  converts the next fo last character in ALPHA fo be »= hewcode 20

F-X converts flass 11-8 into the exponent of X

FETCH executes a CHISA imstruction at address in digits 3-B of X

BOREY  uses ProtoPARIO inputs to specify keycode from external keyboard

LISTUZ  lists upper 2 bits of any ROM page in EPROM format

PACHS packs 5 18-hit blocks of data into ¥

PACKT packs 7 B=bit blocks of data into X

READ immediate read of I9-18 into exponent of X

READL loops with wait inputting data into conserutive registers (1 input/reg)
READS  loops with wait inputting data into consecutive registers {5 inputs/reg)
READY  loops with wait inputting dataz into consecutive registers (7 inputs/req)
READA  asynchronpus losped read waits for non zero changed input (1 input/reg)
ROH displays PARIO nessage {(trg it}

BYIEH  views first Jdigits of %3 Yo &4 T

STK{>& provides alterpate stacks by exchanging with sum reos {no normalizel

uz microcode subroutine wsed by LISTUZ

UNPACKS umpacks § imto 5 registers each containing a 1@-bit block of data
UNPACKT unpacks X into ¥ registers each containing an 8-bit block of data
WAITNZ  loop until I9-IB is not zero then return input in exponent of X

WAITY logp until I9-1@ matches exponent of X

WRIT irmediate weite of 9-0B from exponent of X
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WRITI loop with wait writing 08-00 from consecurive ress (1 output/res)
WRITS  loop with wait writing 09-00 from consecutive vegs (5 putputs/reg)
HRIT? loop with wait vriting 0900 from consecutive reas (7 outputs/reg)
WRITA  asunchronous weite upon input equal tp @

»-AB converts exponent of ¥ to up to 12 binary digits in ALPHA

E=AD converts exponent of X to up to & decimal digits in ALPHA

H-AH converts esponent of ¥ to up to 3 hexadecimal digits in ALFHA
¥=A0 converts exponent of X to vp to 4 octal digits in ALFHA

i=F converts ewponent of f{ io user flags 11-@

Be:REG  exchanges X with absolute user register specified by ¥
¥E-H converts hex exporent of X to decimal mantissa of X
¥M-E converts decimal mantissa of ¥ to hex exponent of X

CREATING DATA IN X FOR OUTRUT

The functions A-{B (binary)y A=-XD {(decimall}, A-YH [hesadecimal), A=X0 {octal), F-i, and ¥M-E
can be used to create data in the exponent of X. To use A=XBy A=XDy A=NHy or A=N0y cet ALPHA
to contain the number in the appropriate hase to he put in the exponent of )i

"1B1@018" A-AP will set exponent of X to B5Z hex

“lgzat A0 will set expanent of ¥ to 3FF hex

=7ct f-XH will set expanent of ¥ to Q7C hex

4 A-K0 will set expoment of ¥ to @27 hex

F-% converts flass 11-@ as a binary number into the esponent of i if flags 11, 1@y Ty By &
4y 3y 2 are clear and flags 7y 5y 1y B are set then F-X =1l] st prponent of £ to QA3 hew.
XH-E comverts decimal nunber in mantissa of ¥ to hex number in exponent of X% if X contains
54,0088 then AM-E will set exponent aof X to Q4@ hex.
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DECODING DATA IN X AFTER INPUT

The functions X-AB (binaryly ¥-AD {decimally X-AH {hewadecimal), X-AQ fociall, ¥-F, and XE-M
can be used to decode the hex data an the exponent of H. To use X—-ABs X-ADy X-AH or X-Aly
execute the function for the appropriate hase and the exponent of ¥ will be returned in ALPHA
in that base. If the exponent of X comntains hex OFD:

J-8B will return *1111110Q1" im ALPHA

I-40 will return *253% in ALPHA

¥-AH will return *FD* in ALFHA

-840 will return *375" 1n A1LPHA

¥-F will set flags 7-2 amd @ and clear flags [1-B and 1

AE-M will return 253,068 in X

INPUTTING DATA

Five functions are provided for inputting data from the ProtoPARIO: READ, READL, READS,
READY, and READA.

READ performs 2 single read without any waiting and returns the input in the exponent of X,
Digits 12-3 are returned as & and digit 13 is !, Thic causes X to look iike ALPHA DATA so
that it wiil not be normalized.

REA performs a set of readsy storing inputs in comsecutive registers in the same format as
READZ 10 BB 2P €4 B8 AI I1. X contains the destimation registersi eee. bbb where eae is the
last register to be written and bbh is the first. Y contains the wait loop constant (@991
which is counted down before each read ocours. Experimentation will provide the acteal tise
delay betueen reads. The imstruction can be terminated before completion by pressing R/S. I
in & prograsy execution will continue with the next instruction.

READS is identical to REAIM except that 3 consecutive reads of 1@ bits are stored per register
instead of 1. The data word is initialized to & then at each read the regicter ic shifted i@
bits to the left and the data is transferred into the bottom 1B bits. After 5 reads or if the
I-loog terminates, digit 13 is set fo 1 =o that the data will not be normalized, See
instructions for READL sbove for X and ¥ eegister usage and Ioop termination.

READT is identical to READI except that 7 consecutive reads of 8 hits are stored per register
instead of 1. The data woed is initialized to @ them at each read the vegister is shifted 8
bits to the left and the data is transferred into the bottom B bits. After 7 reads or if the
% loop terminates, the data is weitten to a user register. MNote that all 54 bits are used so
that a REL, VIEW, ar X<{* instruction will normalize the register, changing the data. To get
around this, use UNPACKY or §4:REG so that normalization is avoided. BSee imstructions for
READY above for X and Y reqister usage and loop termination.

READA iz identical to READI except that the ¥ register is oot used as a timing loop, Data is
read continuously, but is only stored at 10 bits oer cegister when the input changes from the
previously stored input AND i= nam zero.

QUTPUTTING DATA

Five functiofis are provided for outpuiting data to the ProtoP4RIO: WRIT, WRITH, WRITS, WRITZ,
and HRITA.
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WRIT provides a single write from the exponent of ¥ without any waiting loop then returns,
The exponent of ¥ should contain @-0-09-08 O7-08-05-04 03-02-01-02.

MWRIT! performs a set of writes fram the exponent of consecutive registers at 1 data output per
register in the sase fovmat as for WRIT. See instructions for READ] above for & and ¥
reqister usage and loop termination.

WRITS parforms a set of weites fros consecutive resisters at 5 data outpuis per resister in
the same format as for READS. See isstructions far READ] above for X and ¥ register usage and
loop termination.

WRIT? performs 3 set of weites from concecutive registers at 7 data autputs per register in
the same format as for READT. See instructions for READ] above for X and ¥ register usase and
loop termination.

WRITA is identical to WRIT! except that the Y register is not used as a timing loop.  WRITA
ogutputs one data word then continuousiy reads data until 2008 appearc af the input. This can
be used to synchronize the calculator with an external by Jjuspering Cutput RFeady to an input
and asserting Output Accepted after each output from the calculator has been received by the
exuternal device.

PAUSING

Two functions are provided to introduce wait loops inta 170 control for the ProtoPARIC: WAITMNE
and WAITH.

WAITHI continuousiy reads data from the ProtoPARIO eatil the input is non zerg. The input is
returned im ¥ in the format 10 €3 0P 00 €3 @1 II. WAITMZ can be aborted by pressing R/S which
will return ¥ as B and continue with the next program line (if any).

WAITX continuously reads data from the ProtoPARIO until the input matches ihe contents of the
expoment of X in the same format as for WAITNI. WAITY cam be aborted by pressing RYS.

REFORMATTING DATA

Four fumctions are provided to convert data between the 3 storage formats of 1, 7 o 7 data
words per register: PACKS, PACKTy UMPACKS, and UNPACKT. The reaister formats aret

10 80 @2 03 o0 a0 BD {1-1@ bit datum per registery in digits)

dd DD dd DD dd DD dd {7-B bit data per regisiery in digits, dd and DD are consecutive data)
B201 AB0D DDDD DDDD dddd dddd ddDD DOOD DBOD dddd dddd ddDB DODD DDOD {5-1@ bit data per
registery in bitsy dd and DD are consecutive datal.

Conversion is done between the X register and the first 5 {for PACKS or UNPACKS) ar first 7
{for PACKT or UNPACK?) statistics registers. Any block of concecutive registers cam be

celected by using the £AREG function - cee the HF 410 Owners Hanual.

PACKS compresses the data in the first 5 statistics registers which are in 1-1@ bit data word
per register format into the ¥ register im 5-1B bit data words per register format,

UNPACKS reverses PACKI by separating the ¥ register into the 5 stastistics registers.
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FACKY compresses the data in the first 7 statistics registers which are in 1-1@ bit data word
per register format into the ¥ register in 7-8 hit data words per register format. The upper
two bits in each data word are iqnored.

IMPACKT reverses PACKY be separating the X register into the 7 statistics registers. The
uppeT twd bits are set to Q.

USING AN EXTERNAL KEYBOARD

The GOKEY function is designed to accept any &-hit non zero input and map it onto the
taloulator keyboard as a key press. Mote that the inpub is accepted as a keycodey therefore
to enter ALFHA characters, wou must first input the code that maps ontoc the ALPHA key. The
table beiow shows the key press mapping for akl 6-hit input combinations.

LEAST SIGNIFICANT DIGIT
M0 & I 2 3 4 5 & 7 8 % A B C D E F

@ & 1/% 50R LOG LN %-Y RDN SIN COS TAM XEQ 5TO RCL ENT CHS
! EEX - 7 B % + 4 3 & # | V\GER PGN ALP ENT BSP
2 @ C(MR/SEHFSEST / 7 F COBTAN # + . - . [
3 8 1 z 3 4 5 & 7 8 9 /4 . Q05 2 TAN 3

=Y is XY, S0R is SQAT, ALP is ALPHA, EMT is ENTER, BSP is back-arrows SHF is SHIFT. MHote
that in ALPHA mode, hex inputs of @1-1A will generate alpha characters A-I, Ffpw 2 and 3
characters are papped as closelw as possible to ALPHA mooe inputs versus ASCIDT some may need
to be BHIFTed. Upon execution, GOHEY will loop until any mon zere inpat in the bhottom & hits
is receivedy then jump to the system routine to handie that keypress, GOKEY can be aborted by
pressing RYS which will continue with the next program line (if anyl.
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HISCELLANEOUS UTILITIES AND ROUTINES

ESCAPE will esamine the character that is second from the right in ALPHA. If.this character
has a hex code ¢ 2B, it will be replaced with a space {hex code 233, This may be used in
conjunction with BISASM on the NFCROM EFROH set to rempve nex codes that would be imterpreted
as control codes or escape sequences by an esternal printer.

FETCH exsrutes a CXISA {FETCH) microcode instruction at the address given in digits 3-2 of X
The result from the fetch is retusned in X, and the fetched address is incremented and stored
in L.

LISTYU? prints the encoded cantents for the *U* EPROM in an EPROH set. This is wseful when
programming the contents of the Prototech, Inc, Proftof0DER (a user-orogrammable ROM emulator)
onto EPROMs. To use, get the hew starting address (a multiple of 4) inio digits 3-8 of £ then
erecute LISTUZ. A printer is required. U2 is a microcode subroutine wsed b L1STWZ.

ROM dizplays a PARIO mezsage.

RVIEW displays the first J digits of ¥y ¥y Iy and Ty separated be dots. The registers are not
changed.

GTK¢>5 provides the user with muliiple stack capabilitu. By usingZLREG (see the HP 410 Quners
Maruall any block of concecutive vegisters can be selected. When executed, registers Ty 2, Y.
¥y and L are exchanged with the first 3 summation registers. Mo normalization ocours.

U2 it a subroutine used by LISTUZ {see LISTUZ).

YOORES exchanges the ¥ register with the absolute AAM regicter specified hy tha ewpanent of Y.
Mo normalization occurs.

HARRANTY, SERVICE, ASSISTANCE

LIMITED WARRAWTY: The PratoPARIO and PARIO-14 EPROM set as well as all ProtoBYSTEM devices
manufactured by Prototechy Ing, are warranted against defects in material and workmanship for
a period of minety (9Q) days from the date chipped from Prototech, Inc. Within this warranty
periody Prototechs Inc, will repair or at its option replace a defective part at no charge to
the owmery provided that Prototechs Inc, is contacted within the warranty periad for shipping
instructipns., There will he a charee for repairs after the warranty period has espired.
Prototech, Inc. assumes no responsibility for damages either direct or consequential, from the
use of its products. Prototechs Inc, will have no oblisation to modify or update products
after cale. This warranty does not apply to products damaged by accident o misuse, or to
products that have been modified by anyone other thar Prototechy Imc. Since the ProtoPARIC
requires some user interfacing to signals from the outside world not controlled by Prototech,
Inc., any I chips on the ProtoPARIO which are found to be damaged will be replaced by the
oener. Prototech, Inc. gquarantees that the chips will he functioning properly at time of
shipsent. This warranty is made in liew of all other warranties, either express or implied.

I your ProtoPARID ar ang other Prototech, Inc. product requires service, contact Prototech,
Inc. for instructions.
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If you need technical or applications assistance relating to the use of any Protofech, Inc.
product, please contart Prototech, Imc. at (303)-547-9883 (o collect calls), or write to:
PROTOTEEH, INC.
P D BDY 12104
BMADER, CO AA38E USA

INTERNAL BEMDER AMPLIFIER

This simple curcuit can be beilt within %he calculator to provide a large voluse increase from
the bender outout into an external soeaker. The only parts you meed are a miniature speaker
{about 1 1/2 in.}, 3 transistors (2M3%@6)}, a swall plug and jack, and some wWire amd solder; total
cost about $3. Note that this eodification is not supported by HP and may void your warranty.
Prototech, Inc. assumes mo resporsibility for the use of this amplifier. It is provided for

the users reference only.

Remove the battery pack and all modules then remove the four screws from under the rubber pads
on the back of the calculator and 1ift the back of the calculator off, Locate the bemder (1-inch
flag metal disk stuck onto the CPU) and unstick it. There are two wires cornected to the bender.
The inrer eme on the smaller section of the bender is the bender ocutput signal. Solder a wire
an top of the wire that is already there. . Locate the plastic-ropper hattery contacts (where

the battery pack plugs in) and scrape a small hole in the plastic at some location on both the
BAT+ and END comtacts that will not get in the way of the battery pack, Solder a wire to each
contact. Locate a piace to put the output jack. [ used a Radic Shack plug and jack

pombination that fits tightly in the battery charger hole. You should mow have 3 wires added

on o your calculator: bender cutput, BAT+, and END. Solder the 3 tramsistors together as
shown below and atfach to the 3 wires and the jack. Alsp wire the two speaker contacts to the
plug. The transistors will fit easily in the calculator along the side of the I/0 ports.

After verifying that you have wired everything correctly, reassemble arnd try if out. Note

that this DOES draw significantly more power than the bender alone, Transistors below are

shown with their flat face forwards.

BAT+

EENDER OUTPLT
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ProtoPARIO INTERFACE TO TRS-88 COLORA COMPUTER

The following circuit diagram illustrates a possible interface between the HP 41C and the
Radit Shack Color Computer, The bus commections to the 740524, 741532 and Intel B2ES are all
available at the plug-in ROM port {sound similar to the caleulator??) on the side of the
compufer, Use the PARID-1A EPROM for prooramming on the calculator side. To initialize the
interface, POME &HFF43,152, This will set up the A port amd €7-U4 as outputs from the
calculator, and the B port and C3-CO as inputs to the calculator on the 8235, Input O7-D3
from the calculator with PEEK (EHFF4@), Dubput I7-12 to the calculator with PORE AHFF4L, 1
where I is @-253 decimal, 09, 08, and OR are available as C3, C4, and Ch with PEEK (IHFF42).
19, 18, and DA (Ct, €@, C2) can be programwed by POKEing to ERFF42.

If you build this interface, test it carefully before attaching to the HP 410, This circuit

is presented as an example only: Prototech, Inc. assumes no responsibility for the accuracy or
use of this information

Parts requived are: T74LE3Z2 QUAD OR, 74504 HEY INVERTER, INTEL 8235 9IR, and 3-.1 uf hypass
capacitors - one per chip.

SIGNALS TO TRS-BO COLOR COMPUTER ROM PORT BUS

Ah A3 A2 505 R/W RESET Voo GND A1 4O D7-—D0

U117/

6 5 % 3/ 26 T B 9 &3

INTEL 8235

11 12 13 37—4@ 1—% 18 15 1% 25—18 |

R 09 08 O7—=04 03—0@ Of 19 18 I7—I0

SIGNALS TO ProtoPRRID BOARD ON HR 41C
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