A LOW-COST DEVELOPMENT MODULE
FOR THE R65F11 FORTH MICROCOMPUTER

R65F11 ¢ R65F12
Application Note

by Joseph W. Hance
Rockwell International, Semiconductor Products Division, Newport Beach, California

INTRODUCTION

The Rockwell R65F11 microcomputer implements a FORTH inter-
preter in a Rockwell R6500/11 single-chip microcomputer. With
the addition of a Rockwell R65FR1 FORTH Development ROM
the two-chip set is a complete FORTH development system. A
module containing the R65F11, RESFR1, additional RAM memory,
a terminal interface, and a floppy disk controller is all that is
needed to provide a complete and inexpensive development and
evaluation tool. This application note describes the design for such
a module, complete with electrical schematic, printed circuit board
layout artwork and parts list. In addition to hosting the R65F11 and
R65FR1 devices the module contains an RS232 serial port,
sockets for up to 16K bytes of RAM/ROM/PROM, parallel printer
interface and a 5% in. floppy disk drive interface. The described
development module can be easily fabricated using the artwork
to build the printed circuit board.

In addition, artwork for a board to adapt an R65F12 into the
development board is included. The three additional ports of the
R65F12 are available via a connector on the adaptor board.

CIRCUIT DESCRIPTION

The R65F11 (U1) operates with a multiplexed address/data bus
to access external memory. An external latch (U2) holds the
address lines at the falling edge of EMS. The 555 timer (U5) gener-
ates a power-on-reset and the crystal oscillator circuit (U3) pro-
duces the master clock. Even though the R65F11 has an internal
crystal oscillator, the 2 MHz signal generated by U3 is required
by the floppy disk controller. A 256-by-8 bipolar PROM (Us)
decodes the addresses and generates chip selects. The 74L832
(U11) generates clocked chip select signals for the RAM devices.
The use of the PROM facilitates changes in the memory map
without changing the circuit. An example PROM pattern is given
inTable 1 for a system consisting of 6K RAM (from $0200-$17FF)
and 8K of ROM (from $2000-$3FFF).

Each of the memory sockets can be configured for a number of
different memory devices by changing the position of the various
jumpers as shown in Table 2. Socket U7 can be used with an 8K
x 8 static RAM, 2764-type or 2732-type PROMSs. Socket U8 can
be used with 8K x 8 static RAMS, 2K x 8 RAMs, 2764-type, 2732-
type or 2716-type PROMSs. Sockets U9 and U10 can use 2K x 8
RAMs, 2732-type or 2716-type PROMSs. In addition, any socket
may host a Rockwell R5213/2816 EEROM. The R65FR1 Develop-
ment ROM is normally installed in U7.

The floppy disk controller (U12) is a Western Digital WD2793
device. The 74LS10 (U4) generates the RD and WR strobes while
U14 and U18 buffer the input and output signals. U14 also forms

a status register to allow the processor to read the FDC INT and
DRAQ lines. U15 forms an output latch to control the drive/side
selection and the motor. A “test” jumper puts the WD2793 into
the test mode for calibration.

A RS232 buffer is formed by the 1458 op-amp (U17) and a -5V
supply is generated by U16. Connector J5 is configured to drive
a parallel printer and J3 provides an expansion port for additional
memory or I/0. ‘

SOFTWARE CONSIDERATIONS

When the R65F11 is reset due to power up or reset, several
variables assume default values which may need to be changed
by the user. One of these is the top of memory pointer used by
the disk interface. Reset assumes the presence of 8K of RAM from
$0300-$1FFF. In the example given here, only 6K of memory is
available ($0300-$17FF). In order for the disk buffers to work, the
top of the memory must be set to 6K. The following commands
will perform this function:

HEX 1800 MEMTOP DECIMAL [RETURN]

The R65F11 has been designed with vectored I/O so that user writ-
ten I/O routines may be used as an alternative to the internal ones,
The console input and output is vectored through the locations
UKEY ($0044) and UEMIT ($0046) and the disk is vectored
through UR/W ($30A). As an example of using these vectors,
Listing 1 shows a method of patching UEMIT to direct the console
output to a parallel printer port. This listing also shows a method
of using the headerless code generation to create words and then
forget the heads (only) of those words which will not be used again.

Listing 1. Implementing a Printer Driver

SCR #10
0 (CENTRONICS DRIVER FOR RSC FORTH DEVELOPMENT
BOARD )

( FILTER OUT FORM FEEDS ) BASE @ HEX

LATEST DP @ 100 + HIC

CODE STB-PRT 10 3 RMB, 0 2 RMB, 0 2 SMB, RTS, END-CODE

CODE ACK-WT BEGIN, 11 3 BITSET UNTIL, RTS, END-CODE

~NOoOO s WD =

CODE HOUT 1 STA, OA # CMP, O = NOT IF, " STB-PRT CFA
@ JSR, .

8 " ACKWT CFA @ JSR, THEN, RTS, END-CODE

9 O0HEADERLESS'!

10 :P-ON["HOUT CFA @ | LITERAL 0046 ! ;

1

12 : P-OFF F5EF 0046 ! ;

13 : FORM-FEED OC EMIT ;

14 ' P-ON LfA | BASE !

15 ;S
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Table 1. Decode PROM (U6) Coding

The following configuration is assumed:
Funct Address Space Code Signal Socket

FDC = $0100-$013F = 7F = FDC = U12

RAM1 = $0200-307FF = F7 = MEM3 = U10

RAM2 = $0800-$CFFF = FB = MEM2 = U9

RAM3 = $1000-$17FF = FD = MEM1 = U8

ROM = $2000-$3FFF = FE = MEMO = U7

NotUsed = $1800-$1FFF = FF = No Chip Selected

Page Zero = $0000-$00FF = FF = No Chip Selected

Page One (ex FDC) = $0140-$01FF = FF = No Chip Selected
msb/isb 0 1 2 3 4 5 6 7 8 9 A B c D E F
0 FF FF  FF FF 7F FF FF FF F7 F7 F7 F7 F7 F7 F7 F7
1 -~ F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7 F7
2 FB FB FB FB FB FB FB FB FB FB FB FB FB FB FB FB
3 FB FB FB FB FB FB FB FB FB FB FB FB FB FB FB FB
4 FD FD FD FD FD FD FD FD FD FD FD FD FD FD FD FD
5 FOD FD FD FD FD FD FD FD FD FD FD FD FD FD FD FD
6 FF FF  FF FF  FF FF FF FF  FF FF  FF FF  FF FF  FF FF
7 FF FF FF FF  FF FF  FF FF  FF FF FF FF FF FF  FF FF
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Table 2. Jumper Selection

Socket Part Type Jumper Position at Pin
u7 p27 p20
8K x 8 RAM RW RMEMO
2764 PROM +5 MEMO
2732 PROM +5 MEMO
us P27 p23 p20
8K x 8 RAM RW A1l RMEM1
2K x 8 RAM RW RW RMEM1
2764 PROM +5 A1l MEM1
2732 PROM +5 A1l MEMI1
2716 PROM +5 +5 MEM1
u9 p21 pi8
2K x 8 RAM RW RMEM2
2732 PROM A1l MEM2
2716 PROM +5 MEM2
u10 p21. pi8
2K x 8 RAM RW RMEM3
%2 2732 PROM +5 MEM3
2716 PROM ) +5 MEM3
U1  R6SF11
For 2 MHz device (R65F11AP), install jumper at Pin 1 to Ground; and set VDT for 2400
Baud.
U12 wD2793
For test, install jumper at Pin 22 to Ground.
Enable (1) or Disable (0) precompensation at Pin 1 per disk drive vendor recommendaluon
Note:
For location of jumpers see schematic, silkscreen, or board artwork.




c3:3:2 2
° o O i e | e f °
-
I ¢ v 1—1 <
' . I °
& awCDOE > I—F
— )
{ ¢ l §E Mo
>
[ Ts 2 = RN
e :az SLIE 4
c4h| ( | (': € & i
€5¢( ) Ld i
c - Ré6
s 3w -
41 ra B c
-]
b
< w
Z = w0
= ' N - x
a! o c 2 S
g E-.:;I N x )
m $Ov m
z — 5
® = rR3 - }- 05 (o)
R28 —©
N s Wl e Jc 9
3 wn
[ =4 N wn
[ <1 (5 o
[=
e ey w D 5 1+
. = '
= £ — 1z &
CR4 c c 8
a2 m— s | &
N N CIS
k26 e aeC D .
c
l s L $3
3 LT3 e
I l 6 RE R17 E:
: NG T
“ ry
- 3 - R20 .
I - R21 rRis 1~
e — —-—
GND +5V
o @

|

LL4G9Y 10} 9INPON juswdojenaqg 1s0)-Mmo

910N uoneoiddy




Application Note Low-Cost Development Module for R65F11

( ] .
T SIS
[ )
et et ot - mmmun
s000000 00000 ¢ 0 0 |
Ty o 8000 3 i ® 00000000000000000000 ©
e S . . A } uonnnonnno.:;i.
0000000000 0000000 ® et o,
0000000000 R00000O ® o (X y 3 ‘o
o0 @ _° oo %o, H °s
.. I T L ° eeedeee oe0e .. ¢
0 0: o : s0ecceceds o  secesee :ou§ §°
j * ooo:o:oooooo.oo:o:oo: n:ooooo:.:u.o x
; °° .. . n:fno Sooe =
°
o !:un:u:o:o:.:.:u::n '““.:“. o g
w 00000000000000 ° S
% . o . sececse . .
c . .:“““””“ coo ° ..oooonouunnnon
00000000000000 . o o® ®ee .
°.. @ secessessecsscsesee ®
. ®
sececscsceccee *° . % K
sssseeesce Sseente o o
000000000000 o’ se0000c00e Bocceee ® ©
o odo o3 , o %°c0oe
100000000000 S %% uooonu.o e000
° .oouunuu ese ! * :::“".“. ;“3.. * °
§ o0 seesese ¢ ¢

@L_............ oos o00 000 sescess  © . _,J@



Low-Cost Development Module for R65F11

Application Note

—SC'(’JQ‘/{:‘(M/J’P"?: %j(,!"n /-7/1[, Oy 1«,#
,JL? o(o % S F&ﬁ/f J’irw
De3D

ey f EALDOO

/

v FHTRE

es yul Je‘/c,l; S /f FAO0

Ml

n 11459y

3

TN ELESIVL

uﬂhm;-nn';

2 MHz

[AHOWIW Nid ¥Z) 60
O
4

AIK s +5
A4 % 1‘ 2 12 5
1
45
2.2x L
R24 ’_l'_
5 2
"5 18K
A2s 4
CR2
u1?
E 1458
= 1.8
106F 2 T 4 u AAA— Rx
e '§§" 100F 3 “"'f o4
N I“—l CR4
clo L | T
s s 5
I?ﬂ 28
A e 00 ® nuo
a7 F] B_0s o e s
a8 3 12 o5 02 gL @
A9 ] o U0 D3__13 o @
ao__s5| & |o__wEm D418 g oo
i ANl 17 :g B MEM2 D5 Ci R AN
arz___ 8 7 MEMA 39, AT i
A13___19) g Ll MENO — 11 L1y
e e % RW 451 AM 2
- 1_0“ A0 5 AQ__10Q| s
oon —-8 i 4 AL S las | :1_9_ § |28
n 2_18 |
0 Al § A1 A3 7| § A” 2
- A4 z L CH E
2ol = H
MEMO — 1 3 HWEMD 3 § 1D § 123
A < Ag 7| 2
2 ap—24 - Ag_24) 1 4k *s
MEM1 —] AlQ_21) A10.21f A1
13 1 AMEM M2 2 A122 E
6F 22| OF_22) s
5 47;5 9 19 a7x
e . AMEMZ 3 r
> a2 X
RAMEMO
]
MEM3 —— 8 AWERD
i 14
7 741832

* Set Video Display Terminal for: 7 Data,
No Pa "y, 2 Stop @ 1200 Baud,




Low-Cost Development Module for R65F11

45 45 45 45
R18 R19 R20 R21
+5
+5 11 FLOPPY
artn ol
i h 34 TROO 150) 1 2%
L) = [ P— -
L 3 1355002 40 35 I0% by
7 e : 17 18 DIR Al 4 18
1.50F?ﬂ 13 28 F: 15 sTEP 1"[{\}, 10 2
- HLD
g '] o 2 2 we —fipo? -
L P i
c28 n WD SEE (3 22
5 :1 : = Ao Lot *
07 14 *5 M
c27 @ 20
120 1
0.01 2 bs 13 Do 18 19 100 2 SIDE 3z
< 0512 = v
CALTHT] Di__ 3 2 13 s 12 0s0 10
1 a D310
D2 9 02171 16 3 r‘.‘l\}"’_‘ 0s1 12
+5 D18 | o3 13| _ |12 9 ;[R 8 DS 14
4 AT e] 3 1% 5P~ 6 0s3
a9 AES_ 1| 3 e Y i ©
§2 — . F;g 3 ps_14| & |15 11 Mo 10 MOTOR 16
"
c
Test| 2 o7 4 3]s
1 ‘ MOTOR rﬂ
DDEN
+5  74LS240
10-100pF 120_.
13
MOTOR i
+5 7 D5
+5 Luex 5:
rJ\' R17
LD'.G 12 E;LW DATA BUS
L 5 _07
1S 12
? 0
1 H1
e
0.1 uF BYPASS CAPACITORS PBO (U1.38) 1 2 PO U137
eSS PB2 (U1-36) 3 4 B3 (U1.35)
oz PB4 (U1:34) 5 6 PBS5 (U1:33)
s PB6 (U1-32) 7 | PB7 (U1.31)
g ci4 PCo (U1-4) 9| o PC1 (UT5)
PC2 (U1-6] n 12 X
aul o5 (u1-6) PC3 (U1.7)
0o a6 PCA (U1.8] 13 e PCS (U1.9)
" ::) g; &5 PCE (U1-10) 15 18 PCT (U1-11)
@ 3 o3 o8 PDO (U1.19) 17, 18 PD1 (U1-18)
2 14_ps4 [ DATABUS PD2 (UT-17) 18] |20 PD3 (U1-16)
%DS PD4 (U1:15) pal 22 PDS (U1-14)
= F_,g: PD6 (U1-13) 23 24 PD7 {U1-12)
> o [8__A0 RES 25 92
2 g 1__a PAG (U1.24) 27 28 PA7 (U1-23)
z g._..»\z NMI ] 0 PAD (U1:30)
z L‘—"Mu PA1 (U1.29) 31 2 PAZ (U1-28)
[T PA3 (U1.27) 1 RSW
2 AG ) ADDRESS BUS
L PAZ (U1-28) 1 [stal2 PA4 (U1-26) 35 uso
Sl P80 (38l 3 Jop |8 us1 37 usz
~—*‘ﬂ AB P81 U137 5 los |8 abi% 9 0 PAS (U1.25)
Al0
‘ J.ﬂ_ﬂ PB2 (U1.36) 1 Joz |8 J3 — EXPANSION
120 O
\ Yy P83 (U1-35) 9 lp3 [10
Rz 47K PB4 (U1-34) 11 12 cn
‘ i o —— MEMS PBS (U1-33) ___ 13jos |14 + 100uF +5
P86 (U1-32) ___15)Dg |16
—— RM +5
12 ! s 87 (U131) 1)o7 |18
PA3(U1-27) ___19jacK20 4 QO e

J4— PRINTER

RSC-FORTH Development System

TB1 - POWER







' Application Note Low-Cost Development Module for R65F11

T RN e =
: =g
‘ﬁ bj o 10:::—-?.

° o ’0% 8800068 ~__° A
'-\&‘-L‘ ) o T e
Q\.. .:Q 00000 ooy
— *//ﬁl—/ S




Low-Cost Development Module for R65F11

Application Note

o C12
u23 +
——

REDUCE TO 3.250 *.005

OGN BT

@
]

u22

\

J6

REDUCE TO 3.250 +.005

o -]
circuitlab

R65F12 Adaptor Board

R65F12 Adaptor Board

10

SILK SCREEN

SOLDER MASK







Application Note Low-Cost Development Module for R65F11

Parts List
Description Part Number (Vendor) Description | Part Number (Vendor)
R65F11 Development Board
U1 R65F11 (Rockwell) R4 33 K Ohm
u2 74LS373 (4) R5, R6, R8, R17, R25-R27 1.8 K Ohm
U3, u20 741504 (4) R7 300 Ohm
U4 74LS10 (4) R14 1.0 K Ohm
Us, U21 555 R15, R16, R28 10 K Ohm
ue 745471 (6309) (4) R18-R21 150 Ohm (12W)
u7 R65FR1 (Rockwell) R22 10 K Ohm POT (Bourns 3009P-1-103)
us 28-Pin Memory R23 50 K Ohm POT (Bourns 3009-1-503)
U9 24-Pin Memory R24 2.2 K Ohm
u10 24-Pin Memory R29 470 K Ohm
un 741832 (4) CR1-CR4 1N914 or eq
uUi2 WD2793 (Western Digital) C1, C12-C19 0.1 puF
U13 741520 (4) C2, C26, C27 0.01 pF
Ui4 7415240 (4) C3, C6 0.22 uF
uU1s 7418273 (4) C4,C5 10 pF
u1e ICL7660 (Intersil) c7 10-100 pF variable
u17 LM1458 (Sprague GKF70000)
u18, U19 7406 cs Optional
J1 34 pin (3M #3431-2002) Cg, C10 10 uF electrolytic
Jz2 A DB25 (AMP 2065-84-2) cn 100 uF electrolytic
J3. 40 pin (3M #3432-2002) C19-25 Not Used
J4 20 pin (3M #3428-2002) c28 15 uF
TB1 0.2” center terminal strip S1 N.O. Pushbutton
(Buchanan #SSB404) (Chicago Switch EIAS0)
R1, R2 1.0 M Ohm Y1 2.000 MHz Crystal
R3, R9-R13 4.7 K Ohm
R65F12 Adaptor Board
u22 R65F12 (Rockwell) C12 100 pF electrolytic
u23 Wire Wrap Pins (40 ea.) J6 34 pin (3M #3431-2002)
Notes: 3. AllICs should be socketed: 40, 28, and 24 pin — 2 each; 20 and
8 pin — 4 each; 14 pin — 7 each.
1. All resistors are Ya W, 10% carbon unless otherwise noted. 4. 74LS devices should be purchased to Texas Instruments specifica-
2. All capacitors are 16 V ceramic disks unless otherwise noted. tions or equivalent.

Information and schematics furnished by Rockwell International Corporation is believed to be accurate and reliable. However. no responsibility is assumed
by Rockwell International for its use, nor any infringement of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Rockwell International other than for circuitry embodied in a Rockwell product. Rockwell International
reserves the right to change circuitry at any time without notice. This document is subject to change without notice.
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