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1. THE 8085 MICROPROCESOR 3CARD {MPU-B)
A. THEORY OF OPERATION
1. INTRCDUCTION

The MPU=-B is a central processing board for the 5-100 bus based on the 8085 microprocessor.
in addition to the processor, it contains:

1K program PROM/ROM
1/4 K RAM
Fower on jump
Serial |/O
Parallel /O
T‘im&rs
S-level inte frupts

The 1K byte PROM/ROM socket is provided with jumpers to configure it for 1K or 2K byte
PROMs or 1K, 2K, or 4K byte ROMs. A 1K ROM is included with basic system support
firmware. Under software control, the ROM can be iccated at VL0, or at D80L. Power on

clear initializes the ROM at CCOQ to serve as 2 power on jump. i he processor can write to the
RAM at COU0 even when sxecuting code in tLIi‘: ROM at G000. A custom pregrammed PROM in

this location can initialize the system, load programs in the entire 63K memory space {or more
with the [IMM installed), and then disable the PROM while jumping to the program start
location. The PROM can be re-—enabled at any time to use code stored in it, either at location
00C0 or at location D8CC. The PROM enable is delayed to permit a jump or call to a routine
even from a program executing directly underneath the PROM locaticn. A sysiem reset
attomatically re—enzbies the | ROM 2t ({X00.

i

Tnere are 256 byies of RAM provided on the board for minimum siand-alone systems, and for
variable & daia storage at z Tixed location for the loaders and monitor in KOM or custom
orograms in PROM. It can be software enabled/disabled, so that loader and moniior variables
do not take up user memory space. It s located at 2000, and is snabled/disabled at the sama
time as the PROM a2t D800, 11 is not enabled by the 9‘2@ 1 being at G0CO, however the PROM
may be enabled at both jocations simultaneously if the RAM is dassred with the PROM at OQCO.

The ROM included provides power on system initialization, automatic baud rate select i the
serial interface is used, and complete monitor facilitiess The monitor includes lcaders for fiopoy
disk, caseite tape, and paper tape, as well as extensive maching ;ar'zguac*e entry and debugsing
features. [ ne momtor will automatically run from either the serial interface or a Keyboard and
V1C. The loaders and other routines can be cailed from user programs.

The serial 1/O provides f"mwiétﬂ serial interfacing capdbility. True RS-237 ‘-eve! Fe driven
for data and handshaking lines both in computer end and terminal end configuraticns. No
jumpering is needed. A 20 mil current lcop interface is included for ariving th—-:}?a typa
cevicess Baud rates are software ssiectible at any standard or non-standard rate up to %00
baud in asynchronous mode, or 36K baud in synchrconous mode. 1 ne input data ready, cutput
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bufier empty, and sync detect status flags can be switched to interrupt the processor, and/or

used in a polled status mode. ror software compatibility, serial port addressing is the same as
an M1O at 00 or 10, or both ports of an S10 at GO, or the first port of an SIC at 10.

The parallei 1/O provides a compiete 8—bit parailel nort, with handshaking and latching available
in both in and out directions. Thne input data ready and output buffer empty status flags can
be switched to interrupt the processor, and/or used in a polled status mode. For compatibility,
the ceonnector nas the same pin definitions used on the MIO or P1C, and the addressing permits
a Keyboard to look like the serial input of an MIO at CC, or the second port of an S10 at 10
W hile the parallel port is used by the monitor for kevboard input, the moniter can also use the
seriai porte The parallel port is otherwise free to be used Tor any other parallel interfaced
device such as the AP-44 mini-orinter.

Three 16 bit timers are provideds All three are completely software programmable and
readable. They are memory mapped at D100-D103, and are software enabled/disabled zicng
with the RAM and PROM in DGCO. One timer is normally dedicated to provide the baud rate
clock for the serial interface, but can be used gifferently when serial /O is not needed. All
three timers have clock inputs of 2 MMz, with one timer's clock switch selectible to he either 2
MMz or the output of anotner timer. This permits a programmable interrupt or periodic
interrupt period from microseconds to more than 30 minutes. Both real time clocks and time of
day clocks are easily implemented. Tne cutputs of the two timers not used Tor serial clock can
De switch selected to interrupt the processor at count termination, or pericdically, depending on
the software programmed mode of operation. The timer, once programmed and started, does
not have to remain enabled (with the RAM & PROM) to operats. Interrupts will occur
regardiess of snabled status, or it ¢can be momentarily enabled to read the current counts. The
baud rate ciock continues to run with the timer disabied from memory space. The two free
timers can be used to provide software controlled baud rate clocks for serial interfaces on the
MiQ or SI10.

moniter eliminate the nesed for 2 front panel for any program operations. A CP-A may be useq

The MPU-B can be used either with or without a CP-A front panel. The power on jump and
for hardware development or maintanance.

i address decoding on the MPU-B8 is done in a fusibie link ROM, so that all the specific
addresses mentioned may oe changed Tor special applications, including memory mapning the
serial or parallel 1/O or /O mapping the timers or any portion of the RAM. Special monitors
can bpe instalied in the program ROM socket to support OEM applications and special

appiications packages. Switching the RAMNM, PRCOM, and timers cut of the address space
taclitates impiementing larger, more sophisticated systems by removing all address conflicts.

or
By adding power suppiies and a terminal, the MPU~B forms a compiete computer system with

everything necessary to use it as an evaluation system or develop small machine language games
or applicationse. ' ~

i} -4
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. MPU-D CIRCUIT DESCH dPT!O?\

The IMSAT MPU-B processor board interfaces an 8085 microprocessor chip to the 5-100 bus.
In addition to the processor and S-100 bus interface, the MPU-B has parallel and seriai {/C,
PRCOM/ROM, RAM, timer, and necessary address decoding. Power s regulated on the board.
The processor runs at 3.0 MHz, and runs 8080 machine code along with a coupie addad
instructions. Thus ail existing 880 code is 100% software compatible with the 20385 and
MPU-B, paying due attention to the specifics of 1/O device attachment. The /O ports included
on the MPU-B have been addressed such that IMSAT software will run without any changes, at
the same time allowing switch selection of either the serial port (for a *erm:m!} or tne
parailel port {for a keyboard & VIO) as the system |/O device. Both serial and parallel {/C
are always availabie Tor systems which use both. |

Cven though the processor runs 1 1/2 times as fast as a standard 3080, the 5-100 bus signals
nave looser témiﬂg requirements due to the 2085's more efficient use of the bus. The cimk

lines phase 1 and 2 run at the higher 3 MMz rate, however the CLK line is run at 2 MHz

use by existing 100 boards that depend on a2 2 MHz timing scurce. Most other 5-100 bus lines
retain their oid definitions. Although the timing of some of the signais is siightly difierent
from the 8080, the chip was designed to replace 8080's in existing systems, Any properly
designed 5100 boards should experience no probiems running with the MPU-B.

Most of the circuitry interfaces to a local bidirectional bus, which is connected to and defined
by the 8085 pins, The circuitry in each of the blocks will be described.

3. 8085 PROCESS0OR

The 80ES mrocessor section of the board contains only a little c:rcuztry beyond the &U8S chip
itselfs A 6 MHz crystal is connectec to the on—chip clock generator. All other system timing is

generated from the 3 MHz clock out pin on the 8G85. A power—on reset time constant of X0

milliseconds is generated by resistor PN2 and capacitor P“*m connecied 1o (ne senmitt *i:**é
resel inpuls ire delay imwa ampie time for power supply voltages to stabilize before the

is permitted to start running., Diode PN4 insures that if nower is lost even for a short *zme}
the 280385 will come back up running properiy. When the +5 volt line fails below the schmitt's

jower threshold, capacitor PN3 will be dischargsd qui’ckiy throuzh diode PN4. Vhen aower is

re—appiled, the svstem ovegins to run only after PN3 ch arg s {5 apove the scnmitt's upper
threshold. Any manual system reset aiso discharges PN3, and the 3085 resumes running oniy
afier PN3 charges back to the upper thresheid through rNZ..

[U

To insure that nothing connected to the bus is falsly activated during a hold or halt cperation
(during which the 8085 bus is three-stated), the three strobe lines (/w R, /RD, & /INTR} are
held inactive by pullup resistorss The 10O/M line is also pulled up to indicate an /O status
during hold or halt states, (o prevent any of the on-board memory mapped circuitry being

enabled, since in cone mode of eperation they would respond to a write sirobe generated

externai o the MPU-B.
The 8085 is powered only by +5 voits,

The four RET lines into the 8085 have been arranged to permit use of interrupts for basic
system /O without the use of a oriority interrupt card or any jumpsrse OUne line is reserved
for interrupts from a mass storage device {1 RAP, @RST4.5} such as 2 floppy disk. The other
three can be connecied o the on-board /O bv activating DIP switchess The interrupis have
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been segregateds RST7.5 is used for the extra timer sections, RST6.5 is used for outnut

data buffer empty on both the serial and parallel interfaces, and RST5.5 is used for input data
ready on both paraliel and serial interfaces, and for sync. character detect on the serial

interface. Upen collector logic was used throughout the interrupt section, and jumper pads
provided to connect these lines to the Vix lines on the $S-100 bus. This permits connecting

other interrupt devices to the same lines without a priority interrupt board. it a pricrity
interrupt poard is added, it can drive the 8 standard RST locations, and the MPU-2 /O can

continue to use the RST lines unigue to the 80&S.
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The local address/data bus (ADG~AD7) from the Z085 always appears on the data out bus
uniess an external board pulls data out disable low (/DODSBL, pin 23}, It is driven by 8
sections of 8197 three—-state bus drivers,

Data In:

The three-state bus drivers connecting the data in bus to the local address/data bus are
always held disabled uniess one or the other of the two input sirobes are active (/RD or
/INTAY. This condition is part of the definition of /IDIDSBL. These input data drivers are
also neld disabled by either an external board pulling data in disable low (JDIDSBL, pin 21), or
oy other conditions causing an active signal on internal data in disable (/IDIDSBL)., /IDIDSBL
is active whenever any of the on-board memory or |/O is enabled, or whenever an input strobe
s not presant.

Address O~7:

The local address/data bus is latched into PNS5 at the trailing edge of ALE {address latch
enablels At this time address bits O through 7 are on the A/D bus. The three-—state driver
outputs of the 8212 {PN5) drive the lower half of the address bus directly.

Addresa 3-i5:

The upper haif of the address bus {A8 through Ai5) is driven by 8T97's directly from the
internal A&-A13 address bus. Both the 8T97 drivers and the 8212 drivers on the address bus
can oe disabled by an exisrnal board pulling address disable low {JADDRDSSL, pin 22},

Data and Address Disables:

/DODSBL and /ADDRDSBL are normally driven only during a DMA transfer, when the MPU-B
must be removed from the obus so that the DMA system may access the memories. Note that
the address and data drivers on the MPU-E are not bidirectional; thus DMA operations to/from
the on—board memory and /O are not enabied. -

Address timing:
Both the high and low half of the address bus zppear early in T1, and since the 8212 is a gated

latch, there is ample setup time to latch the full address at the trailing edge of ALE (PSYNC,
pin 76) on an external card
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5S¢ STATUS

Status on the 8085 is encoded differently than on the 8080. in order to generatie the lines
needed to run the 5-100 bus, the 3085 status is used as address inputs to a ROM. The pattern
in the ROM transiates the 8085—type status at the inputs to 3030~type status at the outputs.
The 745288 ROM used (PMNO) has three-state outputs with sufficient drive to directly run the
5-100 bus. An external board can disable the status drivers by pulling status disable low
(/STSDSBL, pin 18}, which will remove chip select from PN6.

Status timing:

The status appears at the same time as the aﬁdress in 11, rather than having 1o oe latched a2t
a later time, as in the 30EQ, It remains valid until the corresponding time in the proceeding 11,
There is ample setup time to nermit latching the status with the trailing edge of ALE
(PSYNC, pin 76) on an external card. | |

Status differences from the 3080:

Most of the status looks identical to that of the 3080 on the MPU-A. 1Two status lines,
however, are not among the states prasented by the 3085.

One of these is interrupt acknowiedge {SINTA, pin' 55}, The 8025 does not uniquely identify an
interrupt acknowledge cycle until the time that the /l\iTA input strobe appears. Until that
time, the status is the same as an instruction fetch status. As 2 result, the MPU-B interrupt
acknowledgs status appears on the 5-100 bus as an instruction fetch {from the beginning of the
cycle to the start of the input strobe. At that time it changes to an interrupt acknowledge
status, enabling the RST or CALL op-code to be presented by the interrupting board (F C—S
LMM, etc.)e This reduces the access time available to the interrupting board ¢ agzpmmmaa_iy
220 nsec, which is sutficient sincz no memory chip access time is involved.

- The other siatus line is not decoded at ail by the 3085, The stack operation status lima

(SSTACK, pin 98} is held not true {low) permanently {the signal can be opened should it
esired to drive it with another board). Since this line has not been used, its absence will not
pe a probiem.

5. CONTRGL STROBES

There are two input strobes on the 8085, which are OR'ed together and inverted to form a
single positive input strobe (PDBIN) for the 5-100 bus.

The 3085 s;gnais [WR, ALE, and HLDA are used *ir#c iy to drive 5100 signals {respectively’
[PWR, PSYNC, and PHLDA. For systems without a front panel, the S5-I GO azgnal MWRITE is
generated from /PWR and S0UT. The driver for :"ﬁ‘;.f RITE can be disabled by moving the
dipswitch FP-/FP to the FP position {this permits the front panel to drive this ling instead cf
the MPU-B)s Provisions are also made for permanently disabling the AW RITE line for sysiems
in which it is not used.

1 -7
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Wait signal generation:

The S-1C00 signal PWAIT is not generated by the 3085. This signal has been used on many
S-100 bus boards to generate a single wait state for memories between 300 nsec and 1 usec, s0

ﬂ

the MPU-B includes a circuit to synthesize the reguired timing for PWAIT. PN7 is a latch
which puts the inverse of the RDY line onto PWAIT; when the 3085 is receiving a not ready
signal, an active (high) PWAIT signal is put on the 5-100 tus. In order to match the timing of
the 8080 WAIT, PWAIT should not become true (high) untii the end of T2 (beginning of
TWAIT). Since RDY will normally be driven low during T1, another signal is needed to prevent
PWAIT from going high too scon. PNS8 is used to delay ALE at the beginning of each Cycie to
nrovide a signal to delay the start of PWAIT.

During T4, T35, and the first part of the next T1, PWAIT can return high if the memory boarg
still returns PRDY = PWAIT. This is of no conseguence since the 8035 does not test RDY
during this part of a cycis.

Control signal disable:

The five control lines will be disabled if an external board pulls conirol disabie low {/CCDSBL,
pin 19)s This is normally done only during a DMA operation. If the DMA board waiis for
PHILDA before disabling the control bus, the 80835 wiil have just completed retfurning the
strobes (PDBIN & PWR) to the ipactive stats. If the DMA board waits longer, or during a
halt state, the MPU-B will continue to hold the strobes inactive. It is up to the DMA card to
insure that the strobes cannot reach an active state during the transition of bus control. |

7. CLOCKS

Clock out {COUT) from the 8085 provides a 3 MHz clock which is put on the >-100 phase 2 line
{pin 24}, This signal is inverted and used to provide phase 1 (pin 25). PNY, PN10 and PN1I
form a divide by 3/2 circuit to produce a 2 MHz signal from the 3 MHz clock. The output
waveform is a 2 MHz, 33% duty cycle {high) pulse train which is put on the CLK line {pin 49)
for use by S~100 boards which need a 2 MHz timing source. Some 5-100 boards may have
originally used phase 1 or 2 for 2 timing source and these will need a "blue wire! change. Lo
not confuse the use of phase 1 or 2 as a strobe with their use as a timing source.

2. CLEAR

Positive going reset out {RESCUT) from the 8085 is inverted and used to drive power on ciear
(/POC, pin 99). The output of the driver is aiso used to drive external clear on the 5-1U0 bus
through a germanium diode. The diode permits a front panel, if present, to lower the external
clear line (JEXTCLR, zin 34) without affecting the /POC line. With no front panel, there is
no differentiation between the two clear lines. |

Tne clock and the clear lines are driven aill the time.

9, CONTROL INPUTSH

Reset:

The /PRESET signal {pin 75) connects directly tc the power on reset network described in the

2085 processor section. PNZ2 and PN3 provide enough time constant that a mechanical swiich
may be connectad directly between /PRESET and ground, as long as the contact bounce s
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shorter than approximately 10 msec.
Hoid:

/PHOLD is held inactive by a 1K pullup, and inverted to drive HCLD on the 3085, HQOLD is
‘sampled on the trailing sdge of phase 2, tut does not have to be externally syncnronized. The
hold line is used primarily by DMA interfaces to cause the 8085 to csass executing at the end
of the curreni instruction, and release the bus so that a DMA interface can gzin control of th
DUS.

RDY is high when both 5-100 signals PRDY (pin 72) and XRDY2 (pin 12) are high. The S~1C0
signals are pulled inactive wth 1K resistors so that they need not be driven. If thev are not
driven, a constant ready is presented to the 8085 and it proceeds executing at fuil speed.

PROY is used by memories, 1/O cards, or interrupt controiiers which need to delay the 2085's
sampiing of input data or cause it to hold output data longer. XRDYZ is used by the front
panel (if present) to hold the 3085 from continueing or to allow it to single step only. Either
line pulled low will stop the 8085 betwesen the next T2 and T3.

10. INTERRUPTS

The 5-1C0 interrupts enabled line (INTE, pin 28) has no equivalent in the 8085. It is pulled true
with a 1K resistor, for anvy interrupt boards which look at ite There should be no effegt on
the operation of those boardsa

The interrupt request line is pulled inactive with 1K, and drives INTR on the 3085 through an
inverter. Inere are 4 interrupt lines on the 085 which do net exist on the 8080. jumper pads
are provided so that these may be jumpered tc any of the & S-1C0 pricrity interrupt regquest
liness This eliminates the need of a priority interrupt board for up to 5 levels of interrupt; the
four 2085 restart lines and the standard interrupt request. {(If the interrust reguest is used
without an nterrupt board, no one will pe driving the bus at interrupt acknowledge time, and
the processeor will read an FF opcode, which is an RST7. |

The four &085 restart lines ars pulled inactive with 1K resistors, so they need not be
jumpered. Of the four, only the TRAP line {non—maskable RET 4.5) comes jumpered (to V17,
pin 11). The other three can be connected to the on~board {/O via DIP switches.

11, S-100 BUS INTERFACE TABLE
~ollowing is a summary of the standard S-100 bus signals including:

5-1C0 pin number

High true (H) or low true (L)

Driven/received by the MPU-B (*)  iumperabie {X)
5-100 signal name |
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GROUND
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1 - +8 VOL TS POWE 51 -~ *

2 = +16 *’OLT*:; POWE 52 - * -16 VOL TS PO? 'vFR

3 XR2Y 23 L /S5vW DSB

4 L VIO MM L o* JEXTCLR

5 L Vi 55 -

6 L Vi2 56

7 L Vi3 57

g L X Vi4g 53

9 L X Vis 58

10 L X VIg 50

11 L * V17 61

12 H * ARDYZ o¥i

13 0 AATS 63

14 H AATS o4

15 FH Al8 55

16 H Alb 655

17 H A17 67 e

18 L * [STSDSEBL 68 H * VW RITE

i L * [CCDSBL o9 7 PROTECT STAT

20 7 MEMJUNPROTECT 0 7 MEM.PROTE CT

21 L * /DIDSBL H* RUN

22 L o* JADDR DSBL T2 M * PRDY

23 L 0F DODS3 L 73 L PENT

24 H * 02 (PHASE 2) 74 L * /[PHOLD

25 H * 01 {PHASE 1) 75 L * /PRESET

26 H * PHLDA 76 H * PSYNC

27 M * PWAILIT 77 L o* /PYW R

28 H * PINTE 73 H * POBIN

29 H * AS 9 B * A

30 H * A4 L H* Al

31 H = A3 8 H F A2

32 H * AlS 82 H * Ab

33 H * AlZ 83 H * AT

34 H * AD & Ho* A8

35 H * O 8 R * Al3

36 H * DCO % H * Al

37 H * ~10 37 1 * Al

38 H * D04 88 H * DO2

39 H * PG5 59 i * DO3

40 H * D06 Q) H * DO7

41 H * 12 o1 M * D14

42 M * 23 G2 H* D15

43 H * o7 9 H ¥ 06

44 H* -ISa?i g H* Di]

45 H ¥ SCUT 95 H* D0

46 H * SINP G H = SINTA

47 H * SMEMR 97 L ¥ ISWGO
Ho* SHLTA & H * SSTACK

43 H * CLK (2MHZ) g | = /POC

50 - ¥ 06 - * GROUND
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2. ADDRESS DECODE

The address decoder on the MPU-B uses a 512x4 bit ROM (PN12), a dual 2 to 4 dacoder

(PN13), and several small gates. It produces chip enable signals for aill the on-board memory
and 1/O circuits (PROM, RAM, timer, serial 1/O, parallel /O, and control portl.

Address decode ROM:

The 9 inputs to the 512x4 rom (PN12) are the & high order address bits and the iG/M status
iine. 1he address decode portion of the MPU-5 does not decode the low order address bits.
Thus on board memory circuits either have low order address decoding at the circuit {PROM,
RAM) or appear at multipie locations due to incomplete address decoding *’tmer;. The state of
a.ddress pits 8 through 15 and the {/O operation /| memory operation status line (1O/M]) is
decoded by the ROM pattern. Since greater than 4 a:ircun enabies are rzeﬂde d, the cutput of
the XOM is encoded. The enables are divided into two groups: PROM, RAM, timer, and
parallel 1/O, serial 1/0, control port. Cutput bit 4 low indicates that cne of the snables in
group 1 is active {(PROM, RAM, or timer). GCutput bit 3 low indicates that oneg of the enables
in group 2 is active (parzllel i/C, serial /0O, or conirol port}. Both bits 3 and 4 nigh indicate
that the address and 10/M presented to the ROM are not in the address space of any of the
on-toard circuitss The ROM is encoded so that outpui bits 3 and 4 are never both low. Each
of these bits is used as an enable fo one haif of the dual 2 to 4 decoder.

”‘J{I

There is one time when an on-otoard enable may be indicated by the address and 1DO/M
incorrectly. That is during an interrupt acknowiedge. 7he 8082 appears a5 though it were going
to execute the next sns*ruc;mn fetch at interrupt acknowiedge time, except that a /!MT%

ne

input strebe appears inst2ad of a /RD strobe. In order to aveid a bus conflict and permit th
interrupt board to sand the imwrupt cp~code to the 80835, all memory and /O circuits must
recognize this condition and stay off the bus. 7o ailow Tor this situation, INTA [the inverse
of the /INTA strobe) is connected to the RCM chip enable input. Mormally this is iaw} enabling

the ROM; but during an interrupt acknowledze cvcle, it gzoss high at data input time. ROGM
output pits 3 and 4 are puiled hagn oy resistors when the ROM is disacied, and neither haif of
;\513 is "“ﬂableda

Output bits 1T and 2 are encoded to indicate which circuit enable is present, according to tne

Tollowing table: - . g 1o

| :‘id %Mﬂi \E
~ - - &.A . | R f LQ)J ,1.4';&“%
Group 11 ®yt 4 ™ L RA I T et

| A Y o

%‘JM i ﬁ i"’@-ﬂ‘ﬁ*w
A Lt

2} & a L;;tf?}%bi
11 PROM enabled if PO M is true
10 PROM normal iccation
01 RAM
00 tirmer

Group 4: SERE

21

11 Parailel port
10 Serial port

01 System port

00 Control port
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in the standard ROM, group 2is all 1/O ports and group 1 is all memory mapped. The board is
not restricted to this scheme, but if a different RCM is made for a custom application, soms
restrictions need to be considerad,

Any circuit mapped as 1/O cannot use the /MW RT write strobe because it is not active during
/O writes. A jumper is provided so that the two devices using this strobe {timer and RAM)
can be switched to /IWR, the internal bus write strobe. |If this is done, the circuits will run
either memory magped or |/O mapped, but the front panel (if present) cannot write into the
memory mapped circuit since it uses /MWRT. The processor has no restrictions on writing.

The Serial 1/0, Paraliel /O, and control port run from the internal strobes and can be memory
or 1/C mapped or both. They cannot be jumpersd to respond to memory mapped writes from
CP-Alse The program PROM/RCM is a read only device, and can be memory or /O mapped.
v/rites to these addresses affect whatever system memory or /O has been installed off the
MPU-B. The RAM and timer can be memory mapped or /O mapped, but if either is {/O
mapped, the jumper provided must be changed to /IW R instead of /MW RT. This will prevent
front panel writes to either as noted above.

When a device is memory mapped on the MPU-B, it takes up a minimum of 256 bytes of memory

space. On board 1/O device decoding can be complete since the complete i/O address appears

on A3 - Al5. Note that some of the /O circuits use address bits from AQ - A7 for further
decoding of port address. In these cases the corresponding address hits in A8 - A15 are made

don't care bits in the address decode ROM.

Dual 2 to 4 decoder:

The decoder transiates ROM output bits 1 and 2 into individual enabje lines according to the
table above. 5Section one decodes group 2 ({/O and control) and is enabled only by ROM output
bit 3. This group of crecuits is a permanent feature of the address space of the 8083, it cannot
oe disabled. |

Greup 1 {memory and timer) is decoded by section 2. ROM output bit 4 is one of the enables
for this section; tne other enable input is driven by the signal IMEM. One of the four grous 1
enable outputs from PN13 is not used. Insiead, the output is decoded separately and ANDed
with a different enable. Instead of being enabled with IMEM, it is enabled with POJM (Power
On Jump Mode), and is ORed with the nermal program ROM/PROM enable to provide a
separate control of enabling te program ROM/PROM at thnis location. T{ypically the PCIM
PROM address will be CCO0H to provide for system start-up. The IMEM PROM address could
oe anywhere, though D2COH is standard. Since POJM and IMEM are program controllable, group
1 circuits can be removed from or returned to the 3083's memory space.

Group 1:

Whenever IMEM is true, and the address is correct, the timer, RAM, or regular PROM is
enabled. The timer and RAM are enabled for both read and write operationse The PROM
enable is ANDed with read status in PN16, so that the PROM is enabled only during reads.

Ouring writes to the PROM's addresses, the PROM is disabled and the write cccurs in
whatever memory the system has installed at that address. If PCJM is true, the PROM is
enabled at its second location (typically 0CCC-07FF e Agzain, only PROM reads are decoded.
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Group 2:

The serial, parallel, or controi port is enabied directly whenever the appropriate address is

decoded. The system port output is provided with two DIP switch positions to allow it to
enable either the serial or the parallel port. Only one of these switch positions should be.
activated at a time to avoid bus conflicts of reads from these devices. The switches allow

either 1/O method to be run from the same "system" port addresses so that software need not
~ be changed when the basic 1/O device is changed. '

Standard ROM addressing:

The standard addressing for the MPU=B circuits, as effected by the address decode ROM are:

Mapped as memory:

PROM @ PO M CO00H — Q7FF H
PROM normal D& OH - DFFFH
RAM | DO00H - DOFFH
timer __ DI00OH - D103H

Mapped as 1/O ports:

- serial . 4H,5H and 12H,13H
~ parallel 14H,15H

system port 02H,03H

control port F3H

13. CONTROL PORT

The control port is used to enable or disable the group 1 circuits (PROM, RAM, and timer), and
the second PROM location. The second PROM location is a separate enable at 1 second address
of the same (single) PROM chip, so that it can appear at two places (standard is 0000 at power
on jump time and D800 for normai operation).

Whether the second PROM location is enabled is controled by data bit O in the controf pOft.
The main PROM location, the RAM, and the timer are enabled by data bit 1 in the control porte
In both cases, a data bit of "0" enables the circuits, 2 "1" disabies them. Thesa two data bits

are each latched into their own 74L5195 shift register when the control port is enabled, by
putting the shift registers into load mode. The data bit is latched only into bit A, at the

trailing edge of the /WR strobe. After being latched, the data bit is shifted by successive /RD

or /WR strobes, until it appears at the output (QD,/QD). This takes three cycles after the
control write cycle. After the output takes on its new state, it remains static because the |
and /K inputs are tied to load A with QA on each shift. Internal nower on clear (/1PCC) is tied
~ to both shift registers! clear inputs, and POJM and IMEM are both taken from /QD, so that at

power on time (or after any reset) ail the circuits controiled by these signals are enabled.

i =13
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14, RAM

There are 236 bytes of RAM provided on the board, in two 8111's. The lower 8 bits of address
are connected directly to the chip, along with the local bidirectional data bus. The interfacing
involves no extra chips since the 8111's were designed to go directly onto a bidirectional bus.

Chip select is driven by /REN from group 1 of the address decoder. The output disabie nin on
the memories is driven whenever either the 8085 read/write status indicates a write cycle, or
the front panel (if present) drives data in disable (/DIDSBL) in preparation for a write from
the front panel. The write strobe is driven by /MWRT, which is derived from MWRITE
whether it is driven by the 8085 or the front panel.

If the address decode ROM addresses any of the RAM as /O (the standard ROM does not)
then the RAM write strobe should be jumpered to /IWR with the jumper provided since MWRT

is not active during 1/O cycles. This also prevents a front panel from writing directly into the
RAM. Note: the same /MWRT - /IWR jumper affects both the RAM and the timer circuits.

" 15. PROM

Read only program memory on the MPU-B is provided in a single ROM/PROM socket. Thres
jumpers are provided so that the 24 pin socket can be configured to run a 1K or a 2K prom, or
a 1K, 2K, or 4K ROM. The standard chip provided is a 2K ROM with a system monitor and
bootstraps. | -

NOTE: Care must be exercised when installing a ROM/PROM other than the one provided,
since it is possible to damage some types of ROM/PROM if the jumpers provided are in the
wrong position. Refer to the user's guide.

All the ROM/PROM chips were designed to attach directly to a bidirectional bus, so there is no
external logic onvoived. The chip is enabled with /PEN from the address decode logic when the
nigh—order address is appropriate. |

16« TIMER

An 8253 chip is used as the timer circuit. No periferal gates are needed since it attaches

directly to the bidirectional bus. Address lines AQ and Al are decoded by the 8253 to select

~among its 4 control bytes. Since only A8 = A15 are decoded for the timer enable (/TEN), A2 -
A7 are "don't carei bits in the addresse As a result, the timer's 4 locations appear in multipie

locations throughout the block of 256 decoded by the address decode logice The low four

locations only are cailed out throughout the specifications. The read strobe (/RDL) is a local

read strobe generated by anding /DIDSBL with the 8085's /RD. This permits the front panel

(if present) to remove the read strobe during a front panel write into the (memory mapped )

timers The write strobe (/MWRT) is derived from MWRITE, whether it is driven from the

front panei or the 8085. |

It the address decode ROM is changed to include accessing the timer as |/O ports, then the
write strobe needs to be jumpered to /IWR at the location provided, since /MW RT does not
~occur during /O writes. This wiil prevent the front pane| from writing into the timer, even if
the timer is also memory mapped at the same time. Note: The same /MWRT - /IWR jumper
affects both the RAM and the timer. |

I - 14
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The 8253 has three timers in it. Timer 0 is dedicated to providinga clock s'ignal for the serial
interface. The timer O out line is connected to the serial interface. Timer O gate is pulled
high, and timer O clock is driven by the 2 MHz CLK2. This timer would normaily be

programmed to the auto-repeat square wave mode, although the system can use it for other
timing functions at times when the serial interface is not needed..

Timers 1 and 2 are undedicated and available for system use. Timer 1 is clocked by the 2 MHz
CLK2 line, while timer 2 can be switch selected to either run at 2 MHz, or cascaded from the
output of timer 1. In the cascaded mode, the total count time of the two timers is over 30
minutes. The outputs of both timer 1 and 2 can be switch selected to cause an interrupt at
terminal count (or periodically). These lines were run to RST7.5 (which is edge sensitive) to

permit use of modes with short terminal output pulses. The gates on both timers | and 2 are
pulled high.

The gate and output lines of all three timers are brought to solder-pads to permit easy 1
modification of the voard for custom applications where it is desired to drive these lines with

,

external signais.The timers' function is not affected by whether its address decoding is enabled >
(IMEM). They will continue to count and produce interrupts as programmed until they are |
re-enabied and the mode changed. The interrupts are driven through open—collector gates so
that other devices may also be connected to the same interrupt line if desired. o

——a

17. PARALLEL 1/0
Data:

Two 8212's are used for the parallel I/O data path. One latches output data and drives the
parailel output pins on }J4 continuously. The other will buffer the input data and will aiso latch
it if the strobe line is driven by the input device. Both the input and output data paths can use
the handshaking available in the 8212, and the input data ready signal or the output buffer

empty signal can both switched onto the interruppt pins for interrupt operation of the parailel
porte The same two sgnals are available at the parallel 1/O status port. The handshaking only

runs when the respective external device drives the strobe lines. If the strobe lines are not
driven, the input data ready and the output buffer empty will always indicate false. “When
handshaking is used, the falling edge of the strobe causes the respective status bit to g0 true,
and latches the data on the input port. The processoris response (read or write data) causes
the respective status bit to return false. The 8212 ChlpS are selected by /KEN and AO=O as
well as the appropriate read or write strobe.

Status:

The parallel 1/O status port is implemented with four sections of a 74LS367 to drive the
internal data bus, and some gates to enable the 3-state buffers with /KEN=0 and AC=1 and
[ RDL=0, which is during the read strobe to the port address decoded at the address decoding.
The output port output buffer empty signal is connected to data bit O. The input port input
data ready isconnected to data bit 1. These are the same bits as the respective status signals
from the 8251 serial interface chip, to simplify software drivers which run both devices. Also
driven during parallel status reads are two upper data bits. Bit 7 is driven with |MEM, and bit
6 is driven with POjM. These two bits are high when the respective on-board functions are
enabled. This permits mterrupt routlnes to determine the state of the board so they can
return correctly.

I =13
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Power:

Ground, +5 voits regulated, +18 volts unregulated, and ~18 voits unregulated are provided on the

paraliel /O connector. The +5 volt regulator was designed to be able to supply up to several
“hundred milliampers of power to the parallel connector, however it should be realized that any

power drawn results in higher dissipation at the regulator. If too much current is drawn or to
- little ventilation provided, the +5 volt regulator may shut itself down. |

Connector:

The parallel I/C connector is a 26—pin dual-row header, suitable for; connection to flat cable
connectorse The pin definitions result in the same signal/wire connections as used in the MI1O.
Pin 26 is unused to permit the use of 25 wire cable and D type 25 pin connectors at the rear
of the cabinet. The schematic shows the 26 pin connector pin-numbers in the arrow boxes, and
the 25 pin connector pin~numbers in the circles. These pin numbers assume the standard pin
numbering for D type connectors, standard flat cable pin numbering for the 26 pin connector

(so that the flat cable wires counted from the edge correspond to the pin numbers), and a cabie
wired to connect pin 1's.

18. SERIAL 1/0

The serial 1/O port uses an 8251 serial interface chip.This USART will support asynchronous

or synchronous serial communications to 96C0 or 56000 baud respectively. It is interfaced to
standard EIA RS-232 levels and pins for providing either the computer or terminal end of a

serial line. It also will drive an ASR-33 Teletype type 20 mil. current loop interface. The
output buffer empty and the input data ready or sync. detect status bits can be switched to
drive the interrupt lines. |

The 8251 is connected directly to the on-board bidirectional bus. AQ drives the command/data
input, the other 7 address bits are decoded at the address decoder to form /SEN. The clock
input is driven with 2MHz, and power on clear and on-board read and write strobes drive the

appropriate inputs.

The EIA RS-232 signals from the USART (including RTS, CTS, DTR, DSR, R and T Data, R
and T synchronous clocks) are connected to the serial 1/O connectors through R5-232 receivers
and driverss DIP switches permit selecting the on-board receive clock for asynchronous mode,
or an off-poard clock for synchronous data mode. DTR and CTS inputs are tied true with
resistors to eliminate the need for jumpers when they are not driven. Carrier detect is tied
true. |

The current loop interface will switch and sense a 20 mite loop compatible with the ASR-33

Teletype. The loop current source is provided, and any other current source should be
removed. The current loop connections must not be referenced to ground. Provision for
filtering the input data is made to permit reliable operation of the typically noisy ASR-33.

Serial connectors:

There are two seriai 1/O connectors on the board. They are both 26 pin dual row connectors
suitable for flat cable connection to the E!A standard D type 25 pin connectors. Assuming a
cable wired so that pin 1's on the two ends are connected, the 26 pin connector pin—numbers
are indicated on the schematic in the arrow boxes, and the E!A standard RS~232 pin numbers

1 - 16
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are indicated in the circless The two connectors are arranged so that one is configured as a
computer end of an R5-232 line, and the other is configured as a terminal end. Depending on
the use of the system, the cable from the RS-232 line should be plugzed into one connector or

the other, with no jumpers being necessary. Tne board is not designed to use both connectors
at oncee. | |

The current loop connections are made to the computer end connector only. If for some
reason it is desired to operate in current loop mode as a terminal, a custom cable can be made
to effect the proper connections. - '

Since the S5-100 bus does not include a chassis ground, the chassis ground line from the RS=232

connectors is terminated in a 040" pin sockete If it is desired to connect this line at the
board, a wire with a .040" pin can be attached to the chassis, and plugged into this socket.

19. POWER REGULATORS

Plus and minus 12 voits for the RS-232 drivers, pullups, and the PROM/ROM are regulated by
TO-220 style three terminal regulators. They regulate only a small amount of current, so they
are heat-sunk on the foil on the board. Minus 5 voits for the PROMs is regulated by another
T0O-220 regulator in series with the -12 volt regulator, to more evenly distribute the heat
dissipation. - |

The plus 5 volt regulator is a TO-3 style three terminal reguiator, mounted on a heatsink. It

is required to supply the 5 volts for this board, plus any additional current taken by an external

device connected to tne parallel /O porte The MPU=-B 5 volt current drawn is typical 1.3
amps, maximum 1.6 amps.

Tantalum cabacitars are provided at the inputs of each regulator for stability, and .1 uF
ceramic bypass capacitors are provided throughout the board among the logic chipse.

- 17
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3. USER GUIDE

In this section we describe how to set up and use your MPU~B processor board. The level of
detail is intended to supply the assembly language system programmer and OEM user with ail

the information needed to use the board. There are several option jumpers which must be
changed if you are going to operate the MPU-B differently than set—up at the factory. You
will probably not want to change these jumper options. There are a number of switch-options
for functions which are often set differently in separate systems. These should be checked
before operation to insure that the desired mcde of operation is enabled. If your MPU-8 has
arrived as part of a factory—-assembled system, it will be set—up to run. In that case you may

wish to delay referring to the option set-up portion of this chapter until you wish to change
the factory settingse. - '

For normal operations, an operating system program, a high-level language, or an applications
program Is loaded into the computer from mass storage. The procedure for initializing the
system and loading the desired program is described in the Sections |V and V of the PCS-80/30
‘User Manual. The option selection and machine—ianguage operation of the MPU=B board only is
described here. This section is primarily of use to those programming in Assembly or machine

language, and during initial instaliation.
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1. MPU-B OPTION JUMPERS

Some of the options provided on the MPU- B will be used only in special situations, such as when
a system is being customized for a special configuration or Speclal apphcatwm These options
have been provided as jumper-pads on the printed—circuit board, and they have a small trace on
the board connecting these pads in the standard factory configuration. Uniess you have a
special situation, you will not need to set or change these jumpers.

‘Three of these jumpers allow configuring the MPU~-B program ROM socket to accept different
size ROM!ss Assembled boards are jumpered at the factory for the ROM installed. Other

options are described in the Program ROM/PROM section. Note: INCORRECT JUMPERS
CAN DAMAGE THE ROM, refer to the appendix on PROM installation.

There are jumpers to remove bus drive from the signals SSTACK, INTE, and MWRITE. These

~ jumpers appear on the schematic but are not described since they are primarily for factory

use. Should a knowledgeable user wish to change one of these and need information, he should
contact the factory.

A 040" pin socket is provided for connecting RS-232 line AA (chassis gnd.)s Solder pads for

wires or pin sockets are provided for 8085 signals SID and SOD, as well as tlmer signals GATE
and QUT for all three timers.

jumper pads permit connecting any of the eight vectored interrupt lines on the bus to any of

the four restart inputs or the interrupt request line on the 80385. The standard configuration is
described in the USING INTERRUPTS section (i{-B,8).

2. MPU-B OPTION SWITCHES

All the options which might normally be changed are provided with switch positions to enable

the board to be quickly and easily configured as desired. A brief description of the switches
is provided nere for reference.

FIGURE 11 -1

SWATCH LOCATIONS
TOP OF BOARD

_ 52
— SPP ' | @ | PH (PRI)
] SPS > — POL (PTH
_ ] o[ Sit (SR}
' = 1 el | 0 — | soiisth
1l B C T2I
. i FPO ﬂ_.‘ . T
] T2C {CTY) o~ Ll | As(CLA}
' — T22 (C2M) |- o | sies

O
N
F-R
|
0
N
1



IMSAT PCS5-80/30

SECTION [i{-B
MPU-B
USER GUIDE
QPTION SWITCHES
SYSTEM PORT SERITAL ENABLE SPS IN/OUT) v v 1
SYSTEM PORT PARALLEL ENABLE SPP IN/OUT) v v &

Only one of this pair of switches should be enabled at a time. They cause either the serial or
~parallel 1/O port (or neither) to respond to the system port addresses (02 data, 03 status).
(They will continue to respond to their standard port addresses.) If both switches are disabled,
then ports 00 through 03 are unused, permitting an external 1/O board (such as an M10) to be
installed using the bottom 4 ports.

ey

ASYNCHRONOQUS CLOCK ENABLE (CLA IN/OUT) u% &
SYNCHRONOUS CLOCK ENABLE (CLS IN/OUT) ,
Only one of this pair of switches should be enabled at a time. One of these must be down to

enable use of serial receive. They connect either the internal baud rate clock (for
asynchronous mode) or an externally generated clock signal (for synchronous mode) to the
USART's receive clock input. |

CURRENT LOOP ENABLE (CL IN/OUT) u v

If current loop operation is desired, the CL switch should be enabled. If s?nchrcncus mode is
to be used, then the CL switch should be disabled.

SERIAL TRANSMIT BUFFER EMPTY INTERRUPT (ST IN/CUT) v\ &
SERIAL RECEIVE CHAR. READY INTERRUPT (SRI IN/OUT) @ o b

Neither, either, or both of these may be enabled as desired. The first will cause an interrupt
to occur (RST6.5) whenever the seriai 1/O transmit is enabled and the transmit buffer is
empty. A jump to the interrupt service routine must be located at 0034H. The second will
cause an interrupt to occur (RSTS5.5) whenever the serial 1I/O receive is enabled and a

character is waiting to be input to the processor. A jump to the interrupt service routine
- must be located at 002CH.

PARALLEL TRANSMIT BUFFER EMPTY INTERRUPT (PTI IN/OUT) u 3
PARALLEL RECEIVE CHAR. READY INTERRUPT (PRI IN/OUT) ©\nd

Neither, either, or both of these may be enabied as desired. The first will cause an interrupt

to occur (RST6.5) whenever the parailel /O output buffer empty status is true (set by
nandshake strobe)s A jump to the interrupt service routine must be located at 0034H. The
- second will cause an interrupt to occur (RST35.5) whenever the parallel {/O input data ready

status is true {set by the same strobe which latches data). A jump to the interrupt service
routine must be located at 002CH. | -
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TIMER 1 INTERRUPT ENABLE (TTLIN/OUT) v 3
TIMER 2 INTERRUPT ENABLE  (T21 IN/OUT) .3 #

Neither, either, or both of these may be enabled as desired. Each switch will cause an
interrupt to occur (RST7.5) when its respective timer output goes low (terminal count or 1/2

terminal count depending on programmed mode). A jump tc the interrupt service routine must .
be located at CO3CH. Timer O is the baud rate generator, and does not connect to the
interrupts. Note that RST7.5 is an edge triggered interrupt, so that timer modes which
produce a terminal pulse may be used without danger of missing the interrupt.

TIMER 2 CLOCK 2 MHz ENABLE  (C2M IN/OUT) vt '
TIMER 2 CLOCK T1 OUT ENABLE (CT1 IN/OUT) wviv =

Only one of these two switches should be enabled at a time. One or the other must.be down to

provide a clock input to timer 2. When the first one is enabled, timer 2 counts at a 2 MHz rate .
(2 million counts/second). With the second switch enabled, timer 2 increments one count at

each high to low transition of the output of timer 1. Cascading the timers this way and
enabling only timer 2 interrupt permits extended periods to be timed without software
intervention. |

FRONT PANEL INSTALLATION  (Panel IN - FP1)
s (Panel OUT = FPQ) wiw

This switch must be placed in the enabled position in any system with a CP-A installed, and
must be placed in the disabled position in any system without 2 CP-A. Even when temporarily
inserting a front panel for maintenance, this switch should be moved to IN. Note that the
sense of IN and QUT is reversed from the other switches.

ﬁ-h_.j i?. T

3. ADDRESS DECODING AND CONTROL

There are. six circuits on the MPU-B which appear in the memory or /O space of th
processor. |hey are: |

Firmware ROM
256 byte RAM

Three TIMERS |
8 bit parallel /O port
Serial {/0O port
- MPU-B control port

mm-l‘aumm-t

Some of the six circuits can appear in multiple (redundant) locations in memory or 1/O space.
- Some can be made to appear/disappear from memory space using the control port.

For descriptive purposes, the functions are divided into three groups according to how the

sections are enabled/disabled by the control port. The allocation of memory - |/O space to
these six functions is as follows: |
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GROUP BYTES FUNCTION ADDRESS
0 2K ROM for system initialize CQC0-07FF
1 2K ROM for monitor functions DE0C-DFFF
1 256 RAM for monitor variables | DOCO-DOFF
1 4 TIMERS & serial clk. - D100-D103
| -~ RESERVED do not use DIC4-D7FF
2 2 PARALLEL /O | 14-15
2 2 SERIAL 1/O 12-~13
2 2 SERIAL /O 04--05
2 2 SYSTEM PORT for SER. or PAR. 02-03
2 1 CONTROL PORT for address mode  F3

The four digit numbers refer to hexadecimal memory addresses, and the two digit numbers
refer to hexadecimal port addresses. The ROM in groups O and 1 is actually the same ROM
which can appear at two different locations. The serial and parallel 1/O can also appear at
multiple locations. '

CONTROL PORT AND SOFTWARE MEMORY CONTROL

The MPU-B control port is a single 1/O mapped port address (F3). It is a write—only port and
only two of the eight data bits are active. The two bits control whether group O or 1 circuits
appear in the memory space or not. When they are 0, the circuits appear in the mMemory
space; when they are 1, the circuits do not appear in the memory space and whatever Mmemory
s rnstalled in the system at that location then appears. o

~ Control port:
Group O control: bit 6

BIT 6

0 2K ROM appears at 0000-07FF
BIT 6 =1

System memory (as installed) appears at CO00-07FF

Group 1 control: bit 7
BIT7=0 2K ROM appears at D8CO-DFFF

256 byte RAM appears at DOCO-DOFF
TIMERS appear at D100-D103

BIT 7=1  System memory (as installed) appears at DOOO-DFFF

CONTROL PORT DEFAULT AND SWITCHING RESTRICTIONS:

At power on time and at any reset, controf port bits 6 and 7 are both set to 0 so that the

firmware ROM, RAM, and timers are all enabled. The two control bits operate independantly,
- and there are no restnctmns on acceptable combinations. Either group may be enabled or

disabled at any time or sequence desired. The control bits are changed with an out F 3.
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If a read is attempted from the control port, the resuiting data will be FF. Due to the logic
implementation, this will aiso resuit in both groups 0 and 1 being disabied. That 1S, a read from
the controi port is equivalent to a write with data bits 6 and 7 equal to 1's.

COMTROL PORT EFFECT:

When the 2K ROM is 'e.nabled, all memory reads from those locations read from the ROM.
Thus the program in the ROM can be executed. All memory writes from those locations,
however, will succeed in writing data to the system memory (if installed). |

"Both the RAM and timers are read/write devices. When they are enabled, all memory reads

and writes from those locations are from/to the RAM and timers. During the time they are
enabled, no access is possibie to system memory at those locations.

The combination of devices and addresses labeled group 1 above cannot be enabled/disabled
separately. They can only be switched in and out as a group. As 2 resuit, when group 1 is

enabled, system memory from D8C0-DFFF is accessible for writes only, and system memory
from DOQO-D7FF is not accessibie at all.

When group O (firmware ROM) is enabled, system memory at COO0-07FF is not accessible for
reads, since reads now come from the firmware ROM. Writes, however, are not restricted
from system memory at all by group O being enabied. !f group 1 is disabled to remove its

write restrictions, group O can be enabled and still permit writing to the entire 65K mermory
space. Thus a loader or other system initialization routine executed from the firmware ROM
can load/initialize the entire memory as needed.

POWER-ON JUMP

- When the MPU-B is run without a front panel, it will come up running starting at location 0GQ0

at power—-on time or reset time. Since the firmware ROM defauits to being enabled at the same
time, the MPU-B will begin to execute the code stored in the ROM at 0000. The code
contained in the ROM can range from a disable group 0 and jump to monitor sequence, to a
complete automatic system initialize and load from external mass storage, ending with a disable

firmware ROM and jump to system start.

The factory installed ROM functions vary for assembled systems. The ROM with kits or
assembied boards sold separately is the same as that suoplied with the PCS—80 system mode! 30
units The factory installed ROM can be 1K bytes or larger, depending on the system.

CONTROL PORT ENABLE / DISABLE TIMING:

When either group O or 1 is either enabied or disabled by program control, there is 2 3 CYCLE
DELAY before the commanded change in status takes place. This is to allow for a 3-byte
instruction fetch, such as a jump or call, before the ROM appears/disappears. If a 3-oyte
instruction is not desired, the programmer must take precautions to allow for the status change
being delayed 3 cycless The delay is for 3 true 3085 cycles, and is not affected by any DMA
cycles which may occur during this time. Interrupt cycles, however, will be counted, so if the
3~byte instruction is in 0000-07FF or D80O-DFFF, then the programmer needs to insure that
no interrupt will occur. Otherwise the instruction fetched will not be what the programmer
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Example of a POWER-ON JUMP to location EQCO
R OM |
ADDR.  CONTENT Notes:
0000 MV | A0COH  Get byte to turn off group Qand 1
CC02 QUT F3 Output byte to control port

0004 jMP - ECOO Jump to location EQCO -
_ (Group O and 1 will both become disabled
after reading all the jump and before
the fetch foilowing the jump.}.

CONTROL PORT STATUS

The current status of the group O and 1 enable can be read by the processor. It
appears in the status byte from the parallei port, bits 6 and 7. A 0 indicates enabled,
- and a 1 indicates disablede The capability to read this status permits a system to use

mterrupt routines which can sense the system status, modify it as necessary to
service the interrupt, and return it to its original state before returning. The function

of the status bits is the same as the function of the control bits. A status read from
the parallel pot address followed by an output of the result to the control port will
result in no change.

MEMORY STATUS SENSE (in parallel 1/O status byte)
git 6 =90 ROM at 0000 enabled

Bit 6=1  System memory 0000-07FF enabled

Bit 7=0  ROM at D800 enabled

RAM at DCOO enabled
Timers at D100 enabled

Bit 7=1  System memory DOOO-DFFF enabled

SERIAL and PARALLEL 1/O PORT ADDRESSING

The patallel port is always accessible at 1/O port 14 {data) and I/O port 15 -(status). If the
option switch SPP (System port parallel) is enabled, then the parallel port also appears at |/O

port 2 (data) and 3 (status). When it is enabled at both locations, accessing it by either set of
addresses or a mixture of the two produces identical resultse For example, it would make no
difference if data was written to port 02 or port 14, whether the status was read from port 03

or port 13,

The serial port is always accessibie at 1/O port 12 (data) and 1/O port 13 (status) as well as
always available at 1/O port 04 (data) and 05 (status). If the option switch SPS {System pi
serial port also appears at [/O port 02 (data) and 03 (status). As in the parallel port, there is
no differentiation between the muitiple ports at which it may be accessed.
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The port addresses '12,13,14,15 are the same configuration of data and status as would be
presented by an S5S10 2-2 board addresses at 10H. The port addresses 02,03,04,05 are the

same configuration as an S10 2-2 board addressed at CO.

The typical consol 1/O addresses for IMSAI software are 02 and 03. The MPU-=B permits
switching either the serial port (for a terminal) or the parallel port (for a keyboard to be used

with a video display) to respond to these locations. A serial device is expected at ports (4 and
05 by some IMSA! software. New firmware intended for the MPU-B alone would use the

permanent addressing at 12,13,14 and 15.

4, PROGRAM ROM / PROM

The firmware ROM supplied with the MPU-B will vary for different systems. For details of

functions included in the ROM, the appropriate USER MANUAL should be consulted. For
boards purchased separately, the ROM included is that used in the PC5-80 model 30. It
- provides system :n:t:allzatwn and loaders with a limited monitor. |

For a system modified for a special application, the firmware ROM may be replaced with a
PROM or a ROM containing firmware to support that application. This would be done if the
system was not going to be used as a general purpose machine, but rather for only the special
application. Since compiete system initialization, load, and error recovery can be put in the
PROM, special application systems may be easily made which involve no operator actions other
than the power switch to begin operation. |

jumper options permit the uSe of 1K (2708 type) or 2K (2716 type) Eraseable PROM's, and
also 1X, 2K, or 4K ROM's for systems produced in higher quantities. -

CAUTION: Factory jumpers have been installed for the ROM supplied. Other PROM's or
ROM's may be DESTROYED if installed without changing the jumpers. Refer to Appendix 2.

When a 1K PROM/ROM is installed without changing the address decode ROM, it occupies 2K

of memory space. It will appear in both the upper and lower halfs of the 2K snace reserved
for the 2K ROM. If a 4K ROM is installed, the address decode ROM must be changed in order
to permit access to the upper half of the 4K ROM. Contact the factory for detaiise.

ADDRESSING:

- The ROM/PROM can appear in two locations. It wiil aopear at 0CO0 when group O is enabled
(see CONTROL PORT section above). It will aiso appear at D800 when group 1 is enabled.

This is not two different ROPM!s, but rather it is the same ROM appearing in two different
locations. It can appear at both simultaneousily if both groups O and 1 are enabled. In that
case a read from CCOO will get the same data as a2 read from D8CC. A read from 014 will get
the same data as a read from D9E4 etc. |
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The programs run from each area (0000-07FF and D8Q0-DFFF) must share the space in the
ROM. The program running in 0000-07FF wiil need to be at the bottom of the ROM to start
properly at location Q000 at power-on time. A program running in the D800-DFFF area would

then be ORG'ed at D800 pius the length of the program at 0000.

For example, a system initialization and boot from floppy disk routine may take 140H bytes. it
would be ORG'ed at 2000 and placed in the bottom 140 bytes of the ROM. A set of standard
utilities can then be put in the ROM to run at the upper location. It would be ORG'ed at
D340H and could extend up to DFFF. It would be placed in the ROM following the initialization
and boot routine. | | |

The ROM may be used at either location at any time, but the two locations have different
facilitiese Running from only 0000 permits a routine to have WRITE access to the entire 65K
memory space of the 8035 for complete system initialization. Loader variable storage is limited
to the registers in the processor or reserved system memory, however. When running from
D&OO-DFFF, WRITE operations are restricted from DOCO-DT7FF, but 256 bytes of RAM are
available (DCOO-DOFF) which are not part of the system memory and are switched out when
the ROM is switched out. For a routine needing complete access as well as larger variable
storage, It is possible to run the routine at CO00-07FF, enable the RAM / upper ROM location

before variable access, and disable the RAM / upper ROM location before accessing system
memory at DOOO-DFFF.

There are 256 bytes of read/write memory on the MPU=B, which can be enabled or disabled as
part of group 1 circuits. When it is enabled, it is at DOO0O-DOFF. The upper part of the RAM

area is used for variable storage by the monitor program in the ROM, and the rest of the RAM

~area is free for user storage or programs. If the monitor is not to be used, nor any routines

cailed in the ROM, then the entire 256 bytes may be safely used.

If the RAM has been disabled '(through the control port), then it is not available for use unti

- re—enableds While it is disabled, whatever memory is loaded into the system at that location
- responds to the processor; when it is enabled, the memory in the system at the RAM address is
~disabled and the RAM on the MPU-8B responds to the processor. Any time the program enables

or disacles the RAM, there is a 3 CYCLE DELAY before the status change takes nlace, to

~allow for a jump or cail if desired. The RAM is enabled/disabled along with the other functions

located in DXXX. Its enable is not separable.

Informatio'n Is not lost in either the 256 bytes of RAM or in the system memory it blocks as |
the program enables or disabies it. At power up time or on reset, the RAM is enabled.
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6. SERIAL I/O PORT

The MPU-B has a serial 1/O port implemented with an 8251 USART. Both synchronous and

asynchronous operation are possible. It is configured to allow both current loop and RS-232
operation with no jumper changes. The baud-rate clock is obtained from a TIMER section
under software control. For details on the clock generation, see the TIMERS section

| (“""‘B,?)a
'CURRENT LOOP

The current loop interface provides 20—mil current loop including the current source. It is
suitable for ASR-33 teletypes and devices with simiiar interfaces.

The MPU-B current source is referenced to ground. The interface to which it is connected
. must be isolated from ground to avoid possible damage.

The normal internal configuration for an ASR-33 teletype is with no current source and
isolated from ground. However, it is possible that a unit wouid be jumpered to provide a
current source. Before connecting a unit to the MPU=-B, it should be checked to insure that the
interface lines are isolated from ground. This can be done easily by measuring the resistance
between the interface lines and the chassis in the ASR-33. A standard VOM is adequate, and
the resistance measurement should indicate an open circuit.

‘The MPU-B current loop Interface operates full duplex. The ASR-33 jumpers should be
configured for full dupiex if they are not already configured that way. |

DIRECTIONS FOR JUMPERING

There is a terminal strip located at the right rear of the Teletype (ASR33). The terminal
strip is behind a panei of square white plastic connectors and also connects to the TTY power
cord. The terminals are numbered from 1 to 9. The connections required between the MIO
and these terminals are shown in Table {l1-1. In addition to making these connections, it may
be necessary to perform the following operations on your Teletyve.

1. Fuil Dupiex Operation - Move YEL/BRN wire from Terminal 3 to Terminal 5 and move

WHT/BLU wire from Terminal 4 to Terminal 5.
2. Change receiver current level from 60 ma to 20 ma; move VIO wire from Terminal 3 to

Terminal 9.
3. Change current source resistor to 1450 ohms. Locate the current cource resistor in
front of the power supply and move the BLU wire to the tap labeled 1450.

‘TABLE I1-1 CONNECTIONS FOR ASR-33

26 Pin Edge 25 Pin E1IA  Terminal

Signal Name Connector Connector  Strip
Current Loop Qut + 20 23 7
Current Loop Out - 24 25 6
Current Loop In + 3 17 3
Current Loop In- 22 24 4
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FIGURE |1 2
CIRCUIT FOR CONNECTIONS TO ASR-33

150 7 20 {23
RxD ,—————-———-———-»-_> >————+
. | o
' T 22uf 150 A

'__i ,_I___.'\M.J RECEIVE LOOP

The serial interface lines are brought to the rear of the cabinet through a flat cable to a

standard 25 pin D type connector. The MPU-B end of the cable should be plugged into either }2
or J3. The current loop pins on J2 are configured the same as those on the S10 ooard, while

the current loop pins on ]J3 are configured the same as those on the MIO board. On 12, the
current loop pins are numbers 9 (+) and 12 (~) for the output loop, and numbers 25 (+) and 23

(=) for the input loop. An external cable should connect these pins to the ASR-33, attaching

the wires according to the diagram above. On |3, the corresponding pins are 23 (+) and 25 (=)
for output and 17 (+) and 24 (-) for input. Unless a cable wired for the M1O current loop pin

configuration is already available, it is suggested that the S1O configuration on 2 be used.

OPTION SWITCHES

To run current loop, option switch CL must be in the enabled {IN) position. Current loop mode
may only be used with asynchronous mode, for which switch CLA must be enabled, and switch

CLS must be disabled. -

RS-232

Devices with RS5-232 interfaces can be plugged directly into the 25 pin D type connector at the
rear of the cabinets The MPU-B end of the cabie can be piugged into either |2 or |3 for

- different configurations. [t should be plugged into J2 (Computer or modem end configuration)
- to run terminal type devices, or into 3 (Terminal end configuration) to run with a modem.
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Handshaking and clock lines are included in the RS-232 interface as well as send & receive

data. They are terminated so that no jumpers are needed whether or not the interface to be
driven impiements these lines. The lines implemented on the MPU-B are:

RS-232 INTERFACE LINES

PIN LINE NAME FUNCTION

1 AA CG Chassis ground
7 AB SG Signal ground

2 3 A TxD o Transmit data
3 38 - RxD Receive data

4 CA RTS Fequest to send
5 CB CTS Clear to send

& CC DSR Data set ready
20 CD DTR Data terminal ready
3 CF - CD - Carrier detect
15 OB TxC Transmit clock
17 DD RxC | Receive clock

The RS-232 signal names and functions refer to the operation from the terminal end of the
line. For example, TxD is data transmitted from the terminal device to the computer device.
Thus pin 2 is an output on a terminal device, and an input on a computer device.

All the signals named above are fuily impiemented except for carrier detect, which is driven
true in computer configuration but cannot be sensed for use in a terminal configuration, and
chassis ground, which can be jumpered to ground or connected to chassis ground with an
external wire and a .040 pin. Only transmit and receive data are required to operate the
R5-232 interface in asynchronous mode; and only transmit and receive clock need to be added
te operate in the synchronous mode. The other lines can be left unterminated or connected

to the peripheral device as desired.

OPTION SWITCHES for RS=232

No jumpers are needed to configure the interface for any situation. However, there are three
option switches which must be in the correct position.

Option switches CLA and CLS configure the clock lines to run the interface either
asyncnronous or synchronous. If it is desired to run the interface in the asynchronous mode,
then switch CLA should be enabled (IN} and switch CLS should be disabled {QUT). This
connects the clock in the receive section to the internal baud rate generator. If operation in
the synchronous mode is desired, then switch CLS should be enabled (IN), and switch CLA
should be disabled (OUT). This connects the receive cleck to the external (RxC) clock line.
The transmit clock is always connected to the internal baud rate generator, |

Option switch CL only applies if operation in the 'synchronous mode |s desired. For synchronous
mode, make sure switch CL is disabled (OUT). '
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PROGRAMMING THE SERIAL INTERFACE
GENERAL

The serial interface is capable of supporting virtually any serial data technique currently in use

- with R5-232 or ASR-33 type current loop, including I8 M bi-sync. Before data can be sent and
received through the interface, the mode and baud rate must be initialized through software.

Refer to the TIMER section for details on initializing the baud rate clock. Programming the
~mode and data operations are described in this section. | |

SETTING THE MODE

The mode byte output to the 8251 defines the general operational caracteristics of the serial
interfaces It MUST follow a reset, either a power on reset, system reset (front panel
button), or a software reset. The first byte output to the control port address of the 8257
(same as the status read port address) will be interpreted as a2 mode byte.

If a change in the operational mode is desired under software control, the 8251 may be reset by
the following sequence:

SUB ALA Set accumulator to CO

OUT 13 Output 00 to 8251 control port
QuUT 13 Second time

OuUT 13 Third time .

MV A40 Put 40 into accumulator

QUT 13 Qutput to 8251 to reset

Port 05 couid be used, as could {with option switch SPS enabled) port 03. OQutputting three
zeros is done to insure that even if (worse case) the 8251 is expecting the first of two sync
bytes, the programming sequence is taken far enough that the chip will for sure interpret the
40 as a command byte. A command byte of 40 will reset the 8251, and must be followed by a
mode byte. o ' -

The mode byte for asynchronous operation is defined as follows:

BIT BIT BIT BIT BIT BIT BIT BIT
7 6 5 4 3 2 1 0
S2 St EP PEN L2 L1 B2 81

BAUD RATE FACTOR, B2 & BI1:

82 BT | Function

0 -0 Synchronous Mode N
0 1 1 X clock rate

1 O 1/16 X clock rate

1 1 1/64 X clock rate
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CHARACTER LENGTH, LI &L7T:

L2 L1 Character length (data bits)
0 (O 5 bits
0 1 6 bits
1 O 7 bits
1 1 8 bits

PARITY ENABLE, PEN:

PEN Function
0 Parity disabled
1 Parity enabled

PARITY SENSE, EP:

A Function
O Odd parity
1 Even parity -

STOP BITS, S2 & 51

LY 51 Function

O ¢ Invaiid code, do not use
0 1 1 stop bit

1 g, 123 stop bits

} 1 Z s{op bits

An asynchronous mode byte which will enable running with a model 33 TELETYPE and most
CRT terminals is AE., The normal baud rate factor used is x16, and this is assumed in the
TIMER section on setting the baud rate. |
For synchronous mode the mode byte is defined as foliows:
{7 BT BiIT BIT 2iT B3It 3giT B3Ii7
' 5 5 % 2 |
]

7 1 3 G
SCS ESD EP PEN L2 L C G

Bits U through 5 are the same as defined undsr asynchronous.
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EXTERNAL SYNC DETeCT, ESO

ESD Function
0 Sync is detected by the 8251 internalily
[ An externally detected sync is expecied

SINGLE CHARACTER SYNC, SCS

5C5 Function
O Doubie sync character mode
] Single sync ¢haracter mode

Note that the sync detect pin is pulled true, so that if external sync detect is programmeq,
the 8251 is told immediately that sync has been detected, regardiess of the data. Ing nermal
setting for this ¢ption will be for internal sync detect. | |

Either one or two sync characters, as programmed by the mode byte, must be sent to the
command port following the mode byte. If the two sync characters are differant, the tirst one
given to the 8251 shouid be the first one expected on the data line.

COMMAND BYTE

Once the mode byte and sync ovies, as.required, nave been ouiput to the command port, the
8251 will interpret all further bytes te the command port as command bytes untidl the chip is
Feset.

The command byte is the same for synchronous and asynchronous, and is defined as foliows:

31T BIT BIT BIT BIT BIT BIT BIT
7 6 5 4 3 2 1 0
EH IR RTS ER SBRK RxE DTR TxEN

TRANSMIT ENABLE, TxEN

TxEN Function
G Transmit section disabled
] Transmit section enatled

DATA TERMINAL READY, DTR

DTR Function
0 RS-232 line DTR szt FALSE
1 R5-232 line DTR set TRUE

i
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RECEIVE ENABLE, RxE

RxE Function

0 Receive section disabled

| Recalve section enabled

SEND BREAK CHARACTER, SBRK

SBRK Function
0 Normal send cperation

i Transmit data heid continuously true

ERROR RESET, ER

ER Function

0 No gffact

1 Reset error fiags PE, OF, and FE

REQUEST TO SEND, RTS

RTS Function

Q RS=232 line RTS set FALSE

1 R5-232 line RTS s2t TRUE

INTERNAL RESET, IR

| R Function

O No effect

| Resets 82571, Next command byte must be mode
ENTER HUNT MQDE, EH

EH F'uncticﬂ

G  No effect

] ‘Enables search Tor sync character{s) in data stream

In asynchronous modse, the normal command byie desired is 37. Once this command is given, no
further writes to the command port are normally needed. The serial poert will send and receive
data through the data port, signalling the processor that it is ready for the next byte through

L

a status read from the command port {or through an interrupt if the opticn switches are

anabled).
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in synchmmus' mode, the normal command byte desired is B7. The serial port will begin
scanning the incomming data for a match to the sync character{s)s Once a match is found, the

status or interrupt will indicate as each character is received. Between each message in
synchronous mode, it is often desired to re—synchronize. This can be done by sending another
command byte {B7) to the command port to cause the 8251 to re-enter the sync hunt mode.

STATUS BYTE
The status byte can be read by the program at any time, by an INPUT from the command pﬂr‘i:
addresse It contains the transmit and recsive ready Dits, error fiags, and other status

information needed for the program teo interface to the serial sort.

The status byte is defined as follows:

BIT BiT 31T BiT siT BiT 31T 217
Fi 6 -5 4 3 p. . ] 0
DSR SYNDET FE OE PE TxE RxRDY TxRDY

TRANSMITTER READY, TxRDY

TxRDY Function
0 Transmitter buffer full, waiting for transmission
[ fransmitter buffer ready to accept naxt character

RECEIVER READY, RxRDY
RxRDY Function

$, MNo further characters received vet

-y

4 NeXI received cnaragter ready to be input to program

TRANSMITTER EMPTY, TxE

TxE Function
0 Character currently being sent by USART
] {_ast character fransmission has been compieted

PARITY ERROR, PE

PE Function

G NG parity error nas occurred since the last resel command
(bit ER in the command byte)

T A parity error has occurred since the last reset

(PE does not inhibit further operation of the USART)
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OVERRUN ERROR, QE
O Function
O NO character has oeen lost since last reset command .
| The program has failed to read a character before the

next one was received. Further operation is not
inhibited; however, the overrun character is lost.

FRAMING ERROR, FE

FE Function
0 No framing error nas occurred since the last reset
: A valid stop bit was not detected on at least one

character sinca the last reset. FE does not
inhibit further operation,

SYNC DETECT, SYNDET
SYNDET - unction

S No sync byte(s) has been detected since the last
status read (or reset operationj.

A valid sync pyte(s) has been detected.

This status bit is reset by a status read,

an dle

DATA SET READY, DSR

DaR Function
9§, R5-232 line DATA SET READY is Talsa
1 RS-232 fine DATA SET READY is true

EXAMPLE INTERFACE ROUTINE

The following instruction sequence will set up the USART for asynchronous X-1& clock, 8-bit
characters without generating or checking parity. This mode will run an ASR-33 or any
standard CRT terminal. The sequence should be executesd after a3 reset (either hardware of
software as shown above) before any other 1/O to the serial port is executad. It leaves both
the transmitter and receiver sections running, and for normal cperation no further mode or
command cperations need take place.

MV ] ALAEL Get mode byie

QuUT 13 Cutput to serial pors command address
MY ] A, 37 et command byts |

QuUT i3 Qutput to serial port command address

The next routine can be called sach time another input character is desirede MNOTE: Oniy one
character is stored, so If the program asks for characters slowly enough that the ocperator geis
anead more than one character, then characters will be lests If too much processing is needed
for fast enough operation, then a whole line can be accepted from the operator at once. The
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program can then process the input line, prompting the operator when it is ready for the next
line.  Alternatively, interrupt operation could be implemented, with the interrupt service
routine putting the characters in a FiFO buffer, and the main program picking up new
characters from the buffer. This routine is not suitable for interrupt operation, but rather the
case where the program is to wait for the next character. The routine will return with the
character in the accumulator. | '

CHRIN | N 13 Read serial input status
AN 024 viask all but the input byte ready status bit
JL CHRIN Return and wait for character
N 12 | Read character
AN 75 H Mask off upper bit if present {for ASCI! only)

RET Return with character in accumulator

The third routine is used for sending characters. !t is cailed once for each character sent,
with the character in the accumulator. If multipie characters are being sent, as in 2 messags,
another part of the program must pick up the characters one at a time and call this routine.

CHROUT MOV B,A Temporarily store the character in B register
CHOUTI 1IN 13 Read serial status
AN M H mask off all but transmitter ready status bit
JZ CHOUTT | Return and wait until ready |
MOV A,B Get character back in accumulator
OuUT 12 Send character to serial nort
RET | Return tc main program

OPERATION HINTS

1. Cutput of 2 command to the USART -will overwrite any character which is stored in
the buffer waiting for transfer to the parallel to serial register. This can be zvoided
by waiting Tor TXRDY to be true before sending a command if transmissicn is taking
place [bit O of the status byte). It is also possible to disturb the transmission if a
command is sent while a SYN character is being generated by the device (i
syncaronous mode (T the software fails to responad to TxRDY). ‘When running in
synchironous mode, commands shouid be transferred oniy when a positive going edge is

detected on the TxRDY status.

o

2. RxE (Receiver Enable command bit) does not control the receiver, it only masks the
RxRDY (Receive Character Ready) status bit. It is possibie for the recsiver to have
one of two characters ready at the time the receiver is enabled. Especially in the
synchronocus mode, the program should read the USART data twice [it is not
necessary to check status) to ensure that the next character ready was reacsived after
the receiver was enabled,

3o TxEN (iransmitter Enable) and RTS (RS$-232 line) should remain asserted until the
last bit of the last character has been shifted out of the USART. A delay of 1 msec
after tne occurrence of TxE (status byte bit 2} is usuaily sufficients Loss of CTS or
TxE will immediately clamp the serial output line. Also note, the lass of TxE in the

synchronous mode clamps the data at a SPACE instead of normal MARK. This does
not occur in asynchronous mode. |
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4. TxE can momentarily go true while data ({including USART generated S5YNs} is
transferred to the paraliel to serial register. If Txk is being used, check it for several
corisecutive status reads.

5. A BREAK results in a2 string of characters with framing errors. if reception is to be
continued after a2 BREAK, note that the last characier recetved during a oreaak,
inciuding any framing error associated with it, is indeterminate.

7« TIMERS

The MPU~B has three 16-bit timers with programmanle mode and count. Program access to the
timers is through 4 memory-mapped locations {D10C-D103), which are enabled/disabled by
control port F3 bit 7. They ara part of the memory—-mapped functions in block D which are all
simuitaneocusly enabled/disabled through the control port. Biock D may be left normally
disanied, and enabled momentarily to access the timers. [f this mode is used, note the 5 CYLLE
DELAY in both enable and disable. {Refer to ADDRESS DECODE AND CONTROL section,)

The timers are address as follows:
TIMER READ MODE

ADDRESS FUNCTION

5700 Read counter Ng. 0
D107 Read counter Noe 1
D102 - Read counter No. 2
Di03 No function — read FF data

TIMER WRITE MCDE

ADDRESS FUNCTION

DGO L.oad counter Ng. O
D107 Load counter No.o |
D102 Load counter No. 2
Di03 - Write mode byte

Since the timer access is memory mapped, data can be read or written to the timer with any
of the many 3085 memory raference instructions. There are some restrictions, however, in the
order of operations. These resirictions are described in this section, and must be Tollowed for.
correct operation of the timers. -

The three iimers are completely independant of each other, with the single exception that an
cotion switch will allow timer No. 2 1o count the output pulses from timer No. 1. All timers
count at a 2 MHz rate, except No. 2 when it is counting No. 7 ocutput pulses. Tney may pe
programmed to count either in 16-bit binary, or in 4—digit Binary Coded Decimal (3CD).

Single counts or automatic reload and repsat meodes are available. Switch options permid

connecting the output of timer No. 1 and/or Ne., 2 to interrupt thne processor to location
GO3C, - |
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TIMER NO. O

Timer No. 0 is normally dedicated entirely to providing a programmaoie vaud rate clock vor the
serial !/O interface, but can be programmed for other functions during any time tnat the
serial interface is not being used. No interrupt is provided for on timer No. 0 ocutput,
although it could be jumpered to an interrupt jumper pad.

TIMER CONFIGURATION

TIMER COUNT  INTERRUPT COUNT OPTION SWITCH
SECTION MODE LOCATION  RATE - SETTINGS

Timer O B!NARY' no int. 2 MMz none

Timer O 3CD no ints 2 MiHz none

Timer 1 BINARY no int. 2 MHz Tii QUT

Timer 1 BCD no ints 2 MHz T1i QUT

Timer 1 BINARY CO3C 2 MHz TN

Timer 1 3C D CO3C 2 MHz T11 IN

Timer 2 BINARY no int. 2 MHz T2LCTTH OUT - C2M 1IN
Timer 2 2CD no int. 2 MRz T2LCTH OUT - C2ZM IN
Timer 2 BINARY CO3C 2 MHz CTt OUT - T2},C2M PN
Timer 2 BCD C03C 2 MHz Cil CUT - T21,C2M [N
Timer 2 SINARY no inte. T-—31 CUTPUT T2, C2M OUJT - CT1 IN
Timer 2 2C 0 no inte  T-1 OCUTPUT TZI,C2M CUT - CT1 iIN
Timer 2 BINARY CO3C T-1 CUTPUT C2M OUT - T2LCTT IN
Timer 2 BLD G03C T-1 CUTPUT C2M QUT - T21,CTHIN

Excapt for the lack of interrupt on timer Neo. O, and the switch selectable ciock input on timer
No., 2, The three timers zre completely identical in capabilitiess btach timer consists of 2
single 16-dit, pre—settable DOWN counter. The counter can operate in either binary or 800,
and each has a hardware gaie and output. The exact function of the gate and outputl is
configured by the mode bvtes stored in D103, The timers can be used oy the sofiware without
~any external connections to the gate and output connections.  riowever, they have been
provided with solder pads for wires or pin sockets in case it Is desired to use the gate or
output for any external function. (For exampie, the outputs couid be used (o provide 3
nrogrammable baud rate clock to another |/O board such as the 510,

The counters are fully independant and each can have separate Mode configuration and timing
coeration, binary or BCD, single count or repetitive. OSpecial capabiiities in the mode byte
handle the loading of partial count values so that software overhead can be minimized for these
functions. Commands and logic are includsd so that the contents of each counter ¢an &2 reag

"on the fly? without having to inhibit the ciock input.
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PROGRAMMING THE TIMERS

The compiete mode of operation is programmed by the software. A set of control bytes MUST
be sent-ocut by the processor to initialize each timer with the desired Mode and guantity
informations These control bytes program the Mode, loading sequence, and seiection of binary
or BCD counting. Since the timers have no power on reset, they should be programmed even if
they are not to be used immediately, especially it the interrupts are connected. A counter not
to De useqg can be programmed to count to a snort termination and stop.

All of tne modes for each timer are programmed by writing bytes to 0103, Each timer is
individually set—-up by writing a2 Mode byte into this location. The Mode byte format is:

D7 D6 D5 D4 D3 D2 D1 DO
SC1 SCO RL1 RLO M2 M1 M0 BCD

g

-

The four control fields are defined as follows:

[ ]
(e

SC SELECT COUNTER
SCT 5C0O Function

Select Counter Nao. O
Select Counter No, 1

Select Counter No, 2

O
O
1
] Ngt Used

-t O - O

RL READ / LOAD

1.0 Function

A
f""”
ol

Countar Latching operation (see read procedure)
Read/Load Least significant byte CNLY
Read/ Load Most significnt byte ONL
Read/ Load Least significant byte first,
then Most significant byte second.

-a_..i.,.u.;g:}f::}
momJ{:}

Vo MODE

M2 M1 MG Function

G o Mode O
0 O 1 Maode T
K 1 § Modde 2
X 1 i Mode 3
1 0 O Mode 4
] G | Mode 5
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BCD
BCD Funciion

0 Binary count {156 bits)
| 3inary coded decimal (8CD0) counter — 4 decades

MODE DEFINITIONS

Many of the mode definition affect the detailed nature of the signal on the cut pin of interest
It used for external purposes. The program can only read count.

MCODE O: QUTPUT HIGH ON TERMINAL COUNT

The outrput will be initially low after the Mode set operation. After the count is loaded intn the
selected count register, the output will remain low and the counter will count. When terminal

count is reached tne output will go high and remain high until the selected count register is
reloaded with the MODE, |

iT the counter register is relcaded during counting:

L oading the first byte stops the current count
L oading the second byte starts the nw count.

The gate input must be high to enable counting; if it is pulled low, counting will be inhibited.
MODE 1: PROGRAMMARBLE CONE-SHOT

Tnis mode needs an external connection to the gate to operate. After being set—-up, the
output will go low on the clock Tollowing the RISING EDGE of the gate signale

ihne output will go high on the terminal count. If a new count value was locaded during the
timeout, !t will not affect the duration of this cutput-iow time. The new count value will be
used following the next RISING EDGE of the gate input. The current count can be read
without affecting the duration of the one-shot nuise.

The "one shot® is retriggeradle, i.e. the output will remain low for the full count after the
1.’ .

latest rising edge of the gate input.

MODE 2: PROGRAMMABLE RATE PULSE GENERATOR

Divide by N counter. The output will be low for cne period of the ciock inputs The period from
cne puise to the nexi equals the number of clock pulses input to the count registers if the
count register is reicaded between output puises, the present period will not be affected, but
the next period will reflect the new value.

The gate input, if pulled low, will inhibit counting and force the cutput high. When the gate

input returns high, the counter will start from the initial count. Thus the gate input can be
used to synchronize the counter.
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When setting this mode, the output wiil z2iso remain high until after the count register is
loaded. Thus the output can also be synchronized through software. |

MODE 3: SQUARE WAVE GENERATOR

This is the mode that would normally be used in timer O to generate a baud rate clock for the
serial interface.

This mode is very similar to MODE 2, except that the output remains high for only one half the
count, and goes low for the entire other half. If the count loaded in the register was odd, the
output will be nigh for (N+1)/2 counts, and low for {N-1)/2 counts.

if the counter register ‘is reicaded with a new value during cocunting, the new value will be
refiected atter the low to high output transition of the current count.

MODE 4: SOFTWARE TRIGGERED STROBE

After the mode is set, the cutput will be high. When the count is loaded, the counter will begin
counting. On terminal c¢ount, the output will go low Tor one input ciock period, then return
nigh.

* .
if the count register js reloaced between output puises the present period will not be affected,
but the next period will reflect the new value. If the gate input is pulled low, counting will be
inhibited. If the Counter register is reloaded while the count is inhibited by the gate input, the
counter will begin counting the new number when the gate returns high.

MODE 5: HARDWARE TRIGGERED STROBE

The use of this mode requires an external connegtion to the gate inputs The counter will start
counting atter the RISING EDGE of the gate input and go low for one ciock period when the
terminal count is reached. Thne counter is retriggerable, the output will not go low until the

&
4

tull count after the most recent rising edge of the gate input.

SUGGESTED MOLRES

Several of the modes require external connections to be made to the gate input, some are
primarily useful for external connecticns to the output. For timer coperation from software
enly {no hardware interaction external to the MPU-3 board), the following modes are
syggested: |

Saud rate generation for serial port:

Timar O, Mode 3

&

Note: Using the sguare-wave mode keeps pulse length times within {imits for typical UARTS
& USARTS ({inciluding the 8251 used on the MPU-B). To obtain the typical X16 baud
rate ciock, set the count vaiue to:

COUNT = 2,000,000 / (BAUD RATE * 16)

r



IMSAT PCS-30/30

SECTION {]-B
MPU-B
USER GUIDE

This formula is in base 10. COUNT must be converted to hexadecimal to be loaded
into the timier, uniess the time is run in BCD mode! Round the calculated value 1o the

next LOWER integer.  This will result in the transmitted signal being slightly ftaster
than the received signal, preventing occasional lost characters whnen echoeing all

received characters at the maximum rate (as in reading paper tapes). The small
nercentage difference from nominal speed is insignificant for any standard rates. For
operating the &251 with synchroncus data links, the clock should be X1, and the

formula is:
COUNT =2,000,000 / BAUD RATE

Again, this formula is in base 10. The resulting COUNT should be rounded to the

nearest intsger.

Some count values for common asynchronous baud rates (X186 clock):

8AUD DECIMAL  HEXADECIMAL

RATE COUNT COUNT ERROR
560G 13 OCCD -, 0016
4500 25 0T A ~-.0016
2400 52 G034 -, 0016
1200 104 (083 -.0016
600 208 CoDO ~-. 0016
3C0 416 01AC -. 0015
120 333 0341 - 0004
1345 G239 O3 A1 -, 0004
110 1136 0470 -, 00032
75 1660 0682 -. 0004
45 2777 CADS -.00028

Some count values for commeoen synchronous baud rates (X7 clock):

BAUD DECIMAL HEXADECIMAL
RATE COUNT COUNT zRROR
56600 36 G024 +, 0079
38400 32 G034 -.C016
19200 104 (068 -, 0016
2600 208 (0DO -.0016
430 15 CiAD - G016
2400 833 0341 -3 GO0
1666 - 0004

1200

Timer for tracking real time {as i
timed delay, timead intervais, eic.

0582

Timer 1, Mode 2 and Timer 2, Mode 2
(Option switen CT1 IN and C2M OUT, so that timer
cutput pulises of timer 1.}
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A) Timer 1 and 2 both in binary mede, count valuss both set at maximum (0C00). This

| forms a 32 bit counter with a count rate of 2 MHz. Maximum time is 2**32 pericds of
-2 microsecond (2147.48 seconds, 35.79 minutes). Timer 1 is the two low—order
oytes, and timer 2 is the two high-order bytes. Only timer 2 need be reinitialized =ach
time if an accuracy of +0/-.0328 seconds is sufficient. '

B} Timer 1 in binary mode, count value set at 4E20 hex; Timer 2 in BCD mode, count
value set at maximum (CCCO)}. This forms a 4 digit BCD counter counting .01 second
intervals (timer 2}, for a maximum count of 100 seconds. Only timer 2 nesd be

- reinitialized each time if an accuracy of +0/-.01 second is sufficient.

NOTE: In both A and B above, the counters are counting DOWN from the initial value. To
calcuiate the actual time elapsed from initialization the binary value read from the two
timers (A) or the BCD value read from timer 2 (B) must be subtracted from the initial
value (COCO). If the count read from timer 2 is equal to the minimum count {also CCCO),
then the maximum timer capacity has been exceeded, assuming care has been taken
that it is not tested before one time increment {.0328 sec (A}, or .01 sec (B)) has
occurr eda ' |

LOADING THE MODE AND COUNT VALUES

The order of programming is quite flexible. Since each timer's Mode control byte has a unigue
address, loading the Mode control bytes is independant of sequence. Not only can the Mode
control bytes be written in any sequence, but they can be separated by other operations, such
as loading the count registers.

The loading of the count registers with the actual count value, however, must be done in the
sequence programmed in the Mods control byte. There is no separats addressing for low or
nigh count vaiues, so the timers will assume the count value bytes output are in sequence
according to the mode programmad. Since the thres timers have unigue addresses for lecading
count values, the order of timers programmed does not maiter. '

The one or two count value bytes do not have to immediately follow the associated Mode
control byte. They can be loaded at any time after the Mode control byte has been written as
long as the correct number of bytes are loaded in order. The two following exampies are valid
s equUencaes: |

D103 26 Mode byte — counter O, two bytes, mode 3
D100 AX Low order count value

0160 YY High order count value

2103 A4 viode oyte ~ counter 2, migh order only, mode 2
0103 3 Mode byte - counter O, two bytes, mode 3
0103 7S Mode pvte — counter i, [wo bytes, mode 4, BUD
1C0C AX | Low order count value, counter O

2100 Y'Y High order count value, counter O

0162 25 ~ligh order count value, counter 2

o1 QQ - Low order count value, counter |

D101 RE | High order count value, counter 1

1 - 45 ;
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READ OPERATIONS

in many timer applications it becomes necessary to read the value of 2 count in progress to
make a computational decision. 7The counters contzin logic that will allow the programmer to
easily read the contents without disturbing the count in progress.

If the gate is being used ito control the timer, and the programmer is assured that the counter
will be disabled during the read, no special aciion is necessary. Reads irom the appropriate
address will be responded to with the current count value,

The first read contains the least significant oyte.
The second read contains the most significant byte.

It is necessary to compiste the entire reading procadure. I two bytes are programmed to be
read then two ovtes MUST be read befores any loading command can be sent to the same
counter.

READING WHILE COUNTING

in order for the programmer to read the contents of a counter without effecting or
disturbing the counting operation while in progress, the timers have logic that can be accessed
through a write toc the mode register, When it is wished to r2ad the contents of a seiected
counter "on the fly# a write is made to the Mode rezister with a code wnich iatches the
nresent count value into a storage register so that 2 stable count value may be read. The
nrogrammer then issues a normal read command to the seiected counter to read thne contants
of the latched register. DNote from the previcus tabie that the latch command is atfecied by a
Mode byte with bits 4 & 5 {RLT,RLO} equal to CO. The counter to be latched is selected as
pefore. Note that it is still necessary to compliete the gniire read sgguence as programmed.

INTERRUPTS FROM TIMERS 1 & 2

Option switches are provided to connect the outputs of timers T & 2 to interrupt /.5 {to
location CO03C), Either timer or both may be connected. When poth are connected, the
orogram must check the contents of the two timers 1o determine whicn ong issued the
interrupt {i.e. which one has reached terminal count).

The outputs of these two timers have been inverted, so that an interrupt will occur when the
output is LOW. This permits use ito be made of modes 2 through 5, but not cf mode O or 1.
(Only for interrupts, ail modes operate for program reads of count status.; Mode O will
request an interrupt at the beginning of the counts Mode T will reguest anp interrupt once the
count is started by the signal on the gate terminals The other modes wiil request an interrupt
either at terminal count or 1/2 iterminal count, depending con the mode. Repetitive medes wil
nroduce periodic interrupts. Since RST7.5 is edge sensitive, an interrupt will not be missed even
though the termination count output is a short pulse. Also, there is no need to reset tne
counter in any way before interrupts can be re—enabied. MOTE: Since the outputs of timers 1
and 2 are simply ORed together to create the interrupt signal, an sxtended low output signal on
one {such as during the second half of the count in mode 3) will mask any output change on the
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other. If both timers are used in pulse output modes, no interrupts will be loste It wouid stiii

be possible for both to request an interrupt on the same cycle, whnich case must be resolved by

the software.

Examples

baud rate clock for 110, 5600
auto paud rate select

3. USING INTERRUPTS

Provisions have besn made so that the four levels of interrupt orovided compietely internally by
the 8085 can be used for the MPU=-B 1/O circuits, or jumpered to any of the V10 through V17
lines on the backplane for use by other peripheral boards. Switch ootions zre used for
connecting the on-board /O to the interrupt lines. |

INTERRUPTS FROM SERTAL AMD PARALLEL /0O

Only three of the interrupt lines are used for the gn-board 1/O. The serial and parallel input
status bits are OR'ed together and provided with a switch to the R5T 5.5 line. {f either the
PRI switch (Parallel Rec. Interrupt] or the SRI switch (Serial Rec. Interrupt) is closed, a
jump 1o an interrupt service routine must be located at 0C2CH. An interrupt will occur
whenever the interrupt mask enables that interrupt and a receive character is ready.

it both switches are closed, it is up to the interrupt service routine to determine from the /O
status bytes whether the character which is ready is from the serial or parallel port (or
possibly a character wiill be ready at both ports). Y henever the status bit {Receive Character

Ready) is true, an intertupt will occur as soon as RST 5.5 is enabled. The reguest for
interrupt will 5e reset by a data read from the active port. |

The serial and paraliel cutput ready status bits are similarly OR'ed together and provided with
a switch each 1o the RST 0.5 interrupt line., Tne jump to the interrupt service routine must
be located at C034H., An interrupt wiil occur whenever the interrupt mask enabies that
interrupt and the transmit portion of the 1/O interface is ready to accept the next character.

Again the interrupt service routine must resolve the ambiguity if both switches are closed.

The parallel 1/C port cannot be used in the interrupt mode unless it is connected to a device
which uses the handshaking mode of operation with the port, as it is the handshake strobes that
52t the respective ready bitsa

INTERRUPTS FROM TIMERS 1 AND 2

Option switches are provided to connect the outputs of umers 1 and 2 to interrupt 7.3 {to
location 0G3C). Either timer or bhoth may be connected. ‘When both are connected, the
nrogram must check the contents of the two ti to determinge which one issyed the
interrupt {i.e., which one has reached terminai count). '
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The outputs of these two timers nave besen inverted, so that an interrupt will occur when the
output is LOW. This permits use to te made of modes 2 through 3, but not of mode O r 1
(only for interrupts, all modes operate for program reads of count status). Mode 0 will
request an interrupt at the beginning of the count. Mode 1 will request an interrupt once the
count is started by the signal on the gate terminal. Tne other modes wiil reguest an interrupt
either at terminal count or 1/2 terminal count, depending on the mode. Repetitive modes will
produce periodic interrupts. Since RST 7.5 is edge sensitive, an interrupt will not be missed
even though the termination count cutput is a shert pulse. Also, there is no need to reset the
counter in any way before interrupts can be re—-enableds NOTE: Since the outputs of timers 1
and 2 are simply OR'ed together to create the interrupt signal, an extended low output signal
on one {such as during the second half of the count is Mode 3} will mask any output change on
the other. If both timers are used in pulse output medes, no interrupts will oe loste It would
till be possible for beth to request an interrupt on the same c¢ycie, which case must be

resolved by the software,

OTHER INTZRRUPTS

The TRAP interrupt {RS5T 4.5) is not connected to anything on the MPU-B board. It is
provided with a traced—-in jumper to V16 to be available to peripheral boards. It is a
non—-maskadle interrupt and is the highest priority.

The interrupt reguest line is present in the 8085 as it is in the 8080. It is still available for
use by an interrupt board such as the PIC-8 and in normal use {using RST-0 through RST-7)
provides an additional & interrupt levels. it is also provided with a traced-in jumper to the V17
line.
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