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A SIGNAL AVERAGER INTERFACE BETWEEN A BIOMATION 6500

TRANSIENT RECORDER AND A LSI-11 MICROCOMPUTER

L. T. Specht

Department of Electrical Engineering and
Coordinated Science Laboratory

Abstract

This report describes the design and implementation of a
versatile and compact signal averager interface between a
Biomation 6500 transient recorder and a LSI-11 microcomputer.
The design allows for fast signal averaging in excess of 1
kHz and is also easily software configurable and controllable.
The interface has been incorporated into an LSI-11 system
using the RT-11 V3B operating system and found to perform

very satisfactorily.



1. INTRODUCTION

This is the description of a versatile signal averaging
system based around a Digital Equipment Corporation (DEC) LSI-

11 microcomputer and a Biomation 6500 transient recorder (TR).
With the widespread utilization of LSI-1ll's in various experi-
mental configurations, it is convenient to have a signal averager
(SA) plug—-in that would interface a transient recorder front end
unit with the computing power of an LSI-11l. This would elimin-
ate, in many'cases, the need for an external signal averager
mainframe in order to incorporate a TR into an existing LSI-11
based system. Besides providing a rather large cost savings,
thié results in a more compact system that is both versatile

and easy to use. The SA interface deécribed herein is com-
patible with either the DEC LSI-11, LSI-11/2 or LSI-11/23 CPU
and any system based on one of these CPU's and which will hence-
forth be referred to as simply LSI-11.

At this point a brief description of what is meant by a
signal averager and transient recorder may be in order. Basi-
cally, a signal averager adds together waveforms that are
synchronized in time so that any coherent features that are
present will add constructively; whereas, any incoherent features
will add destructively. In this way the ratio of signal to noise
(SNR) , or coherent to inccherent features, can be increased

from that which it is for any given waveform. Typically the



addit%on is done digitally which necessitates the need to be
able to digitally represent the original analog signal. This
is done by digitizing the analog signal at N time intervals of
At each with an analog-to-digital converter (ADC) so that the
total time sampled is NAt. Thus for each sampled point the
time resolution is defined by At and the amplitude resolution
is determined from the number of bits in the ADC. For fast
signals the sampling interval At is usually too short for any
type of real time processing so that some form of buffer memory
is used to temporarily store the digitized waveform before ié
can be processed. This combination of ADC, sampling clock, and
buffer memory is referred to as a transient recorder. For the
Biomation 6500 transient recorder the main specifications are:
(1) minimum sampling interval of 2 ns, (2) total of 1024
sampled points, (3) ADC resolution of 6 bits, and (4) maximum
output rate for the stored waveform (1024 words of 6 bits each)
of 500 ns/word. As an aside, one should note that the above
restriction‘of non real time signal processing of fast signals
can be eliminated by incorporating a transient recorder and
signal averager into one integral 1.1nj.t.:L The main impetus
for real time processing is to obtain the maximum repetition
rate possible since the SNR improves as the square root of the
number of waveforms ave;aged.

In typical experimental configurations some form of addi-

tional data manipulation is usually required after the averaged



waveform has been obtained. This may include addition and
subtraction of waveforms to remove undesirable coherent
features, integration, differentiation, Fourier transform,
graphical display, handcopy output, waveform storage, etc.
When used in conjunction with an LSI-1l1 system all of these
features and more .are readily programmable and changeable as
the user's needs change. Also since the SA interface is soft-
ware controllable it is readily amenable to incorporation into
an automated environment.

In view of the above considerations the main features that
the SA interface incorporates are as follows.

1) Plug-in capability - everything is contained on a single
guad size printed circuit board.

2) High data taking rate - this allows for a 1-1.5 kHz
repetition rate for transferring a 1024 point acquired wave-
form.

3) Low CPU dead time - at the maximum repetition rate
there is only approximately 2% dead time for any length of time.

4) No premanipulation of stored data - the signal averaged
waveform is stored in either single precision (16 bit) or
double precision (32 bit) integer format.

5) x=-y analog outputs - two 10 bit DAC CRT monitor outputs
are provided for either real time viewing of the signal aver-

aged waveform or programmed display of the memory contents.
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6) Software controllable and configurable - see the soft-
ware section for the various options and configurations that
may be implemented by the CSR.

7) Ease of operation and extensive data manipulation -
this is basically a characteristic of the LSI-11 system and
corresponding software.

As a final note, while the SA interface described here is
specifically for use with the 6500 any other TR that uses a
similar means of data transmission can be utilized as a front
end unit. Namely, the 6500 uses a word-serial, bit-parallel
data transfer under a "handshake" control. See the circuit
description for more information if the SA interface is to be

used with another TR.



2. HARDWARE OVERVIEW

The basic block diagram of the SA interface is illustrated
in Figures 1-5. There are five major functional sections: 1)
arithmetic logic unit (ALU), 2) memory, 3) x-y DAC, 4) DMA/
interrupt controller, and 5) master controller. FEach of these
five sections will now be briefly described, a more complete
discussion can be found in the circuit description section.

The ALU section is basically a 1l6-bit adder whose B input
is the memory data bus (MEM $-15) and whose A input can be
either the 6500 data bus (PERDATA §#-5) or the SA data bus
(DATA @¢-15). Both the A and;B:inputs can be set to zero via
the data output register (DATOR) and the sum latch, respectively.
The.adder output is written into the sum latch which can be
placed back on the memory data bus, and the data input regis-
ter (DATIR) which can be placed back on the SA data bus. This
allows the ALU to operate on the 6500 data bus or the SA data
bus in one of three ways: 1) add to memory, 2) overwrite
memory, or 3) write zero to memory.

The memory consists of four lkx4 bit static RAMs arranged
as lkxlé bit words. The memory address (MA) is generated by
the memory address counter and stored in the memory address
register. For display purposes the MA counter may also be

continuously clocked at a 1 MHz rate.



A x-y CRT monitor output is available through two 10-bit
DACs. The x-DAC monitors the memory address bus; whereas, the
y-DAC monitors the 9 least significant bits and the most signi-
ficant sign bit of the memory data bus, assuming that data is
stored as signed z's complement fixed point numbers. Each
channel provides a 5V full scale output. A 12V inverter is
provided for the DACs so that the only backplane voltages re-
quired are +5V and +12V. A z-blank output is also available.
The x-y output can be used to monitor the memory contents either
real time during signal averaging, or under program control.

The DMA/interrupt control section is capable of performing
DATI, DATIB, DATO, and DATIO bus cycles whichare input, output,
and input/output (read-modify-write) transfers between the
LSI-1l and the SA interface. This section contains the LSI-11
bus transceivers and logic to implement interrupt reguests,
address control, protocol, and DMA requests. Also contained
in this section are five registers: 1) word count register
(WCR) , 2) bus address register (BAR), 3) control status regis-
ter (CSR), 4) data input register (DATIR), and 5) data output
register (DATOR). The device address and interrupt vector
are switch selectable as illustrated in Figure 6 thus establish-
ing the five register addresses and the two interrupt wvectors.

A brief functional description of each of the five registers

is given below.



1) The WCR is used to control the number of words trans-
ferred during a DMA cycle. It is loaded with the 2's complement
of the number of words to be transferred and is incremented
after each word is transferred. The DMA cycle is terminated
when the word count reaches zero.

2) The BAR provides the memory address to or from which
data is to be transferred. It is loaded with the starting
address of the transfer and is incremented after each word
is transferred.

3) The DATIR and DATOR are write only and read only
registers sharing the same register address. These registers,
as the others, can be accessed under program control but are
typically used during a DMA cycle to buffer data into or out
of the SA interface.

4) The CSR is used to control the functions and monitor
the status of the SA interface. The SA interface may be con-
figured in many different ways through the use of the CSR; refér
to the software section for a description of each of the CSR
bit functions..

The master control section provides the control structufé
for interconnecting the other sections of the SA interface.

This includes handling communication with the 6500, keeping
track of the number of processed waveforms, initiating DMA re-
quests, and implementing the various configurations setup through

the CSR.
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Typical cycle times are 700-900 ns per word,‘which for the
1024 word waveform stored in the 6500 allows a maximum repeti-
tion rate of 1-1.5 kHz. At this rate a SNR improvement ¢f 100
can be obtained in 10 seconds. Also at the maximum rate a DMA
cycle is requested every .5 seconds which takes approximately
8 ms for a double precision transfer thus giving rise to ap-

proximately 2% CPU dead time.



3. SOFTWARE

This section discusses the SA interface from a software
point of view with the intention that the reader may learn how
to use the SA interface without having to become familiar with
all of the hardware. It is assumed that the reader is somewhat
familiar with the LSI-11l software, if not, one can consult the
'LSI-11 Microcomputer Handbock".2

The SA interface is programmed through the five registers
contained in the DMA/interrupt section: WCR, BAR, CSR, DATIR,
and DATCR. Each of these registers has a unigque address
established by the device address, and as such each is acces-
sible under program control. The WCR and BAR are used during
DMA cycles to keep tract of the number of words transferred and
to provide a memory address to or from which each word is trans-
- ferred. The WCR is loaded under program control with the 2's
complement of the number of words to be transferred and the
BAR is loaded with the starting address. The DATIR and DATOR
can also be accessed under program control to read or write in-
formation 5ut of or into the SA memory. Each time either the
DATIR or DATOR is accessed the memory address is.advanced to
the next location. Normally the DATOR and DATIR are used
during DMA cycles to buffer data into or out of the SA inter-
face. The CSR 1s used to contrcl and monitor the status of

the SA interface. A brief description of each of the 16 CSR
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bit functions is given in Table 1. Each bit can be read or
written under program control. Bits 4 and 5 of the CSR are
special in that they are the extended memory address bits XAD
16 and 17 making the SA interface compatible with the memory
management unit (MMU) of the LSI-11/23.

Two interrupt vectors are also selectable on the SA inter-
face. They are typically used by interrupt requests generated
at the end of a DMA cycle or due to an error condition to point
to interrupt service routines. A very simple program illustra-
ting the use of these registers and the interrupt vectors in
normal operation is provided in Figure 7.

Data can be transferred during a DATIO cycle in either
single or double precision format. Single precision format
results in a .16 bit signed 2's complement fixed point integer
(INTEGER*2) ; whereas, double precision format results in a 32
bit result (INTEGER*4). Since the data is placed in standard
integer format no premanipulation of the data is necessary.

The double precision format also allows very extensive signal
averaging for long lengths of time without loss of precision.

Besides the normal DATO or DATIO cycle transfers, data may
also be transferred into the SA interface during a DATI or DATIB
cycle. This allows the SA memory to be used as a lk scratchpad
area with the capability of either simple read-write operation
or single step add to memory operation. It also allows loading
the SA memory with information to be displayed using the x-y

monitor.
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4. CIRCUIT DESCRIPTION

This section provides a detailed description of each
section of the SA interface. While reading it may be useful
to look at the appropriate schematic indicated for each sub-~
section. In this description the convention of placing an H
or L after a signal mnemonic indicates either a high or low

active signal.

4.1 Arithmetic Logic Unit (ALU) - Figures 8 and 9

The ALU section uses either the SA data bus (DATA §-16)
or the 6500 data bus .(PERDATA §-5) to perform one of three
functions on the contents of the SA memory: 1) add to memory,
2) overwrite memory, or 3) write zero to memory. The 6500 data
bus is terminated with 150 ohms and goes to one input of a 16
bit 2-to-l multiplexer (MPX) consisting of four 74LS244 non-
inverting octal buffers and 3-state line drivers connected in
series parallel. The 74LS244 is used because of its 400 mV
noise margin. The other MPX input is the SA data bus which is
selected by SACYC H. The high byte and low byte of the MPX
are latched by DSTBHBR H and DSTBLB H respectively into the data
output register (DATOR-74LS273). The output of the DATOR
(ADDA §¢-15) which may also be set to zero by asserting DZERO L,
goes to the A input of a 16 bit adder (74LS283). The adder's
B input is the SA memory data (MD) bus (MEM $-15) which moni-

tors the contents of the SA memory. The adder output is
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latched into the data input register (DATIR-74LS374) by

DATLD H and into the sum latch (74S412) by SUMLD L. The out-
put of the DATIR goes onto the SA data bus when DATEN L is
asserted and the output of the sum latch goes onto the SA MD
bus when SUMEN L is asserted. The SA MD bus is active pull-
down and may be set to zero by asserting SUMCLR L on the sum
latch. The carry-in and carry-out of the adder are CIN and
COUT respectively, these are used for double work transfers

during a DMA operation.

4.2 Memory - Figure 10

This section is based around a lk word by 16 bit memory
array composed of four 2114 (MCM2114L) lkx4 bit statis RAMs with
typical access times from 200-450 ns. The memory input and
output is via the 3-state SA MD bus with the memory being en-
abled by CS L. Information is written into memory by applica-
tion of WP L. The memory address (MA) is provided by the MA
register (74LS374) which is loaded by MACLK L, which also in-
crements the MA counter (74LS393) to the next MA location. When
the MA counter reaches 1024 it generates 100 ns pulses NWOVF H
and RESET L which reset the MA counter to zero. The SA memory
may also be reduced from 1024 words to 512, 256, or 128 words
by setting the memory size switch (S1) to the appropriate
position. For displaying purposes the MA counter may also be
continuously cycled at a 1 MHz rate by applica;}on of MEMDSPLY H

(see DAC section).
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4.3 Digital to Analog Converter (DAC) - Figures 10 and 11

Two analog outputs, XOUT and YOUT, are provided for
monitoring the contents of the SA memory on a x-y oscilloscope.
XOUT is produced by applying the MA lines to the input of a
lO—bit‘DAC (AD561) which in turn drives a fast settling op amp
(AD509) . This provides a full scale output of =-5.00 V.to
+4.99 V for MA values of 0 through 1023 respectively. YOUT
is produced by applying the 9 LSBs and the inverted MSB (sign
- bit) of the SA MD bus to the input of another 10-bit DAC and
op amp combination. This provides a full scale output of
=5.00 V to +4.99 V for SA MD bus values of -512 to 511 respec-
tively. This output does not correct for rollover caused by
the SA MP bus exceeding these values.

A 12V inverter is provided on board so that +12V and +5V
are the only backplane voltage needed. The inverter uses a
80 kHz charge pump oscillator built around a LM31ll to pump a
1 mH inductor. This is filtered to provide -15V which is then
regulated to -12V with a 7912 regulator. This voltage is used
by both the AD561 and ADS5S09 to provide XQUT and YOUT.

A TTL compatible z-blank is also provided which can be
used to blank the oscilloscope trace except during a SA cycle
or when MEMDSPLY H is asserted. A SA cycle is determined by
SACYC H being asserted, and MEMDSPLY H is used to provide a

flicker-free display of the uncharging SA memory contents.
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4.4 Direct Memoryv Access (DMA) and Program Control - Figures
12-17

Since the implementation of this section is heavily based
on the use of Digital's custom ICs (CHIPKIT), it is suggested
that the reader unfamiliar with these ICs consult the "CHIPKIT
Users Manual"3 for further information and circuit descrip-
tions. It is also assumed that the reader is famiiiar with the
LSI-11 microcomputer, and if not, to consult the "LSI-11
Microcomputer Handbook".2 The first part of this section will
deal with those components that are common to both the DMA
and program control data transfer, whereas the latter part
will deal with those that are unique to the DMA transfer.

Four DCOO0O5 transceivers are used to interface the 16 BDAL
lines to the 16 SA data lines. Their receive or transmit 1
status is determined by REC H or XMIT H being asserted re-
spectively, with receive being the normally active state. The
transceivers also provide for device address and interrupt
vector inputs determined by user selectable switches Al2-A3
and V8-V3. These user configurable switch settings are illus-
trated in Figure 6.

When the proper device address has been decoded by the
DCO005, the protocal logic (DC004) is enabled to decode the
proper bus synchronizing signals. SA data lines i and 2 are
decoded to produce SELP L ~ SEL4 L which select one of four

SA registers. The direction of transfer into or out of the
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selected register is determined by INWD L, OUTHB L and OUTLB L
which are generated by the control lines BWIBT L, RSYNC L,
RDOUT L and RDIN L; the latter three control lines are the
buffered bus signals BSYNC L, BDOUT L and BDIN L.

Two interrupt channels, A and B, are provided by DCOO03
with channel A having a higher priority than channel B. The
respective channel is enabled by asserting SA data lines 14
and 12 and then toggling CSRWHB H. The status of either chan-
nel can be monitored by ENAST H and ENBST H which form part of
the control status register (CSR). After being enabled the ap-
propriate channel interrupt request may be made by asserting
ROSTA H or RQSTB H which in turn asserts BIRQ L. The daisy-
chain bus signals BIAKI L and BIAKO L are then used to deter-
mine the priority of the interrupting device. After the priority
has been determined the deVice vector is then placed on the BDAL
lines. Interrupt requests are provided for completion of a DMA
request, a bus timeout due to a non-existant address, and a
user initiated request for device attention. The DC003 also
buffers BINIT L to provide a SA initialization signal INIT L.
Setting the CSR reset bit also generates a 1 microsecond INIT L
pulse.

The bus timeout interrupt is provided so that the bus will
not hang up for more than 10 microseconds if a non-existant

address is placed on the bus. When the address is placed on
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the bus a 10 microsecond one-shot is clocked by ADREN H. The
one-shot ié then cleared when RPLY H goes high to signify

that the address has been accepted. If RPLY H does not go

high the one-shot clocks the A interrupt flip~flop which pro-
duces (TOS + INIT) H and negates REQ H to release the bus.

-The A interrupt flip-flop also sets RQSTA H to initiate an
interrupt request if the A interrupt channel has been enabled.
RQSTA H may also be set directly through the CSR or through

the atténtion bit of the CSR. Setting the attention bit asserts
ATTN L which generates RQSTA H immediately if the device is in-
active or at the conclusion of the current DMA or SA cycles.

The logic necessary for DMA bus arbitration is contained
in the DC0l0. A DMA request is made by asserting REQ H which
generates BDMR L. After the bus acknowledges the request the
daisy—chain signals BDMGI L and BDMGO L are used to determine
the priorigy of the requesting device at which time the device
becomes bus master. The control lines DATIN L and DATIO L are
used to determine whether a DATI, DATO, or DATiO transfer is
to take place.

For a DATI transfer DATIN L is set low and DATIO L is set
high; for a DATO transfer DATIN L is set high and DATIO is set
high. For a DATIO transfer DATIN L can be either high or low
and DATIO L is set low. When DATIO is asserted the falling
edge of DATN H generates a 70 ns pulse, DATIOT L, to the DCOlQ

to complete the output portion of the DATIO transfer.
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After every fourth word is transferred the bus is
released for ~ 1.2 microseconds to allow other DMA devices
to access the bus before bus mastership is regained and the
transfer continues. This feature may be defeated by con-
necting CNT4 to +5V so that the device will transfer data in
a continuous burst node. Note that i1f this is done the memory
refresh must be taken into account if volatile memory is being
used. All timing for the DC010 is provided by an 8 MHz oscil-
lator (74LS132).

Once the DC0Ll0 gains control of the bus it asserts ADREN H
tec the bus address register (BAR) to place the memory address
of the data transfer on the SA data lines. The BAR is loaded
under program control with the starting address in memory of
the data transfer and is incremented by two on each transition
of ADREN H. The word count register (WCR) is loaded with the
two's complement of the number of words to be transferred and
is incremented on each transition of ADREN H also. When the
WCR overflows it generates WCNTO H which negates REQ H and
terminates the DMA transaction. WCNTO H also sets the B inter-
rupt flip-flop which asserts RQSTB H so that if the B inter-
rupt channel has been enabled initiates an interrupt request.
Both the WCR and the BAR are contained in two DCO006s cascaded
to form two 16 bit registers. SEL@ L selects the BAR while

SELZ2 L selects the WCR. INWD L reads the selected register,
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and OUTHB L and OUTLB L write the high and low byte into the
selectea register.

Data is transferred through the read only data input regis-
ter (DATIR-74LS374) and the write only data output register
(DATOR;74LSQ73). CHANHB H and CHANLB H are used to write data
into the high and low byte of the DATOR, and DATEN L is used
to read data from the DATIR. Under program control DATEN L is
generated by SEL6 L and INWD L, and during a DMA DATO or DATIO
cycle by DATN H. Also under program control CHANHB H and
CHANLB H are generated by SEL6 L and MRPLY I together with
OUTHB L and OUTLB L; whereas, during a DMA DATI or DATIO cycle
CHANHB H and CHANLB H are both generated by TDIN H,

The control and status register (CSR), as its name implies,
is used to control and monitor the status of the device. The
CSR consists of 3-state drivers (74LS244) and D flip-flops
(74L874, 74LS175, DC003) that are incorporated in the logic
throughout this seétion. The read and write operations of
the CSR are governed by CSRRD L, CSRWHB H, and CSRWﬂB H.

SEL4 L selects the CSR and INWD L generates CSRRD L; CSRWHB H
and CSRWLB H are generated by OUTHB L and OUTLB L together
with MRPLY L. A description of the function of each of the

CSR bits is given in Table 1.

4.5 Master Control - Figures 18 and 18

This section handles the control lines to and from the

Biomation 6500 as well as implementing the various configurations
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established by the CSR. All lines from the 6500 are terminated

with 150 ohms and go into line receivers (74LS244) for in-
creased noise immunity; lines to the 6500 are through line
drivers (74L8244) for the same reason.

Before discussing the master control section a brief
description of the Biomation 6500 control structure is in
order, for more information consult the "Biomation 6500 Oper-
ating Manual".4 Before the 6500 may be triggered the trig-
ger circuitry must be armed, this is done by asserting RMA L.
After being armed the next trigger pulse initiates the record
cycle indicated by RCD L going low. After the analog waveform
has been recorded RCD L is negated. OPT L must then be asserted
within 10 microseconds from negation of RCD L to enter the
digital output mode. In the digital output mode the two hand-
shape control lines FLG H and WDC L are used to output the 1024
words of stored information. FLG H is asserted to indicate
that valid data is present on the 6500's output lines. The
next word is then fetched when WDC L is asserted which negates
FLG H for 350 ns (6500's fetch time). This qpntinues until
all of the memory locations have been accessed at which time
OPT L is negated and the 6500 is rearmed by RMA L and the
cycle repeats.

The signal averaging (SA) cycle begins by setting the
start bit of the CSR, which in turn asserts DEVMAS L if the

attention bit of the CSR is not set. DEVMAS L enables the
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line drivers and receivers (74LS244) for RCD L, OPT L, and
RMA L. DEVMAS L also triggers a 1 microsecond one-shot which
times out and triggers a 150 ns one-shot to produce RMA L.
After being armed the next trigger pulse at the 6500 begins
the record cycle signified by assertion of RCD L. RCD L also
resets the arm flip-flop. When the record cycle is complete
RCD L is negated which sets the SA cycle flip-flop to generate
SACYC H and OPT L. The negation of RCD L also increments the
SA scans counter (74LS393) which is preset to a count of one
by the application of INIT H. SACYC L enables the line driver
and receiver for FLG H and WDC L. The 6500 responds to OPT L
by asserting FLG H to signify that the first word has been
placed on the 6500 data bus. Approximately 100 ns after FLG H
goes high DSTBHB H and DSTBLB H are generated to latch the data
into thé DATOR. Either DSTBHB H or DSTBLB H clocks the DZERO
flip-flop which negates DZERO L and triggers a 200 ns one-shot
to produce WP L which writes the resultant sﬁm into the SA
memory. At the same time WCD L is also asserted to fetch the
next word from the 6500. At the end of WP L MACLK L is asserted
which loads the next address into the MAR and also increments
the MAC. The beginning of the 250 ns pulse also triggers a
400 ns one-shot which reasserts DZERO L and holds off acknow-
ledgement of FLG H to allow for the 6500's data lines to settle
and allow for the next SA memory location to be accessed.

After the 400 ns one-shot times out, FLG H is honored and the
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cycle repeats until RESET L is generated from the MAC. RESET L
negates OPT L and SACYC H and clocks the arm flip-flop which
asserts READY H to indicate that the device is ready to accept
more data, and produces the 150 ns RMA L pulse after a 1 micro-
second delay to the 6500 to rearm the trigger circuitry. This
kpermits a data output rate from the 6500 of v 700 ns per word
which amounts to a signal averaging repetition rate of ~ 1-1.5
kHz for the faster time bases.

Scans are continuously processed until the scans counter,
which is incremented after each record cycle, reaches 512
scans. At this point RMA L is inhibited from being réasserted,
and at the end of the SA cycle NWOVE H is gated to generate
REQ H which initia£es a DMA cycle.

The results of averaging 512 scans from the 6500 is now
stored in the SA memory and is ready to be transferred to the
main memory of the LSI-11. At this point the user can con-
figure the transfer in several different ways through the use
of the CSR. The transfer can be configured as either a DATO
or DATIO though the use of the DATIN and DATIO CSR bits. For
a DATO transfer the contents of the SA memory can be reset
to zero or left unchanged after the transfer by setting the
destructive bit of the CSR. For a DATIO transfer the resul-
tant word size in the main memory can be either 16 or 32 bits

corresponding to either single or double precision integer
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format. The contents of the SA memory are automatically reset
to zero during a DATIO transfer.

In the normal SA operating mode a DATIO transfer would he
performed with a 32 bit expansion of the stored 16 bit SA
memory contents. In this configuration the DATIO bit of the
CSR is set which asserts DATIO H, and the one word transfer
bit-is not set so that OWT H is set low. When the first ad-
dress is placed on the bus ADREN L is asserted which toggles
the double word flip-flop which enables the sign bit (SB) and
carry (COUT) latches to be loaded by SUMLD L. The 200 ns
SUMLD L pulse is generated by CHANHB H or CHANLB H in con-
junction with DIN H which also produces DSTBHB H and DSTBLB H
to load the DATOR. SUMLD L is then gated to produce DATLD H
which loads the DATIR with the sum of the SA memory and the
main memory. The DATIR is then written back into the same
location in main memory by DATEN L. The next address is then
placed on the bus by ADREN L which toggles the double word £lip-
flop back again. This inhibits the SB and COUT latches and
gates their outputs to produce SUMCLR L and CIN and also negates
CS L. If a carry was produced by the previous addition then CIN
is set high, otherwise CIN is low. Likewise, if the SB was
high for the previous addition, indicating a negative number,
then SUMCLR L is not asserted; otherwise SUMCLR L is asserted.

DATOR is then loaded by DSTBHB H and DSTBLB H with the

contents of the second main memory location. This is then
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added to the contents of the SA MD bus which is either all
zeros (positive add) or all ones (negative add) together with
the carry from the previous addition. This result is then
loaded into the DATIR by DATLD H and is written back into
the same location in main memory by DATEN L to form the second
half (upper 16 MSBs) of the 32 bit expanded word. On the
second word DATEN L is gated through to produce SUMCLR L,
SUMEN L and CS L. At the same time, it triggers the 200 ns
one-shot which in turn triggers the 250 ns one-shot to produce
WP L and MACLK L thch writes zero into the current SA memory
location and increments the MAC to the next location. This
continues until all of the SA memory locations have been trans-
ferred and the DATIO cycle terminates.

For single precision transfers OWT H is asserted so that
the double word £lip-flop is inhibited from being toggled by
ADREN L. Thus the sign bit and carry are ignored and the sum
of the SA memory and main memory is truncated to 16 bits so
that only 1024 words of main memory are needed for storage.
Note that overflows and underflows that may occur with
single precision transfers are not corrected for during the
transfer.

If a DATO transfer is requested, setting the destructive
bit of the CSR causes DEST L to be asserted which enables WP L

to be asserted. DATEN L is used to generate DATLD H which
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loads the DATIR. Since DZERO L is set the A adder input is
zero, and thus the DATIR is loaded with the unaltered contents
of the SA memory. DATEN L also asserts SUMCLR L and SUMEN L,
and triggers a 200 ns one-shot which times out and triggers
the 250 ns one-shot to produce WP L and MACLK L. Since

SUMCLR L and SUMEN L were both aséerted this writes zero into
the SA memory location from which the DATIR was loaded. If
the destructive bit of the CSR is not set then DEST L is
negated and inhibits WP L. Thus the contents of the SA memory
are left unchanged during the transfer.

The SA may also be configured for a DATI cycle to trans-
fer data from the LSI-11 to the SA. This can be used, for
example, to display on a scope acquired data that has been
subsequently manipulated on by a user program; or simply as
a fast temporary storage area utilized by a user routine.
Through the use of the CSR destructive bit it is possible to
configure the SA memory so that incoming information either
overwrites or adds to the present SA memory contents.

CHANHB H and CHANLB H are used in conjunction with TDIN H
to generate DSTBHB H and DSTBLB H to latch the incoming data
from the LSI-1l bus into the DATOR. DSTBHB H or DSTBLB H
triggers the 200 ns SUMLD L pulse. If DEST L is asserﬁed,
SUMCLR L is also asserted so that the contents of the DATOR
are added to zero. If DEST L is negated, SUMCLR L is not

asserted and the contents of the DATOR are added to the contents
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of the SA memory. The trailing edge of SUMLD L clocks the
250 ns one-shot to produce WP L and MACLK L which writes the
result into the SA memory and clocks the MAC to the next memory
location. This continues until all the words are transferred
and the DATI cycle terminates.

The SA memory may also be erased by setting the erase
bit of the CSR which asserts ERASE H. When ERASE H goes high
it assets SUMCLR L, SUMEN L and CS L which sets the SA MD bus
to zero. ERASE H also triggers SUMLD L which triggers the
250 ns one-shot to produce WP L and MACLK L. This writes zero
into the current SA memory location and increments the MAC to
the next location. A 400 ns one-shot is also triggered at the
beginning of WP L which allows ERASE H to retrigger SUMLD L
and repeat the above sequence of writing zero to memory. This
continues until all of the memory locations are cleared at
which time RESET L is generated by the MAC and negates ERASE H
to terminate the erase cycle. The total erase cycle time is <

1l millisecond.
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5. CONCLUSIONS

Currently the SA interface is being used with an LSI-11/2
CPU using the RT~11l V3B operating system. The total system
configuration is depicted in Figure 20. Various MACRO and
FORTRAN routines have been written for the device which pro-
vide most of the commonly needed featﬁres, such as: SA handler,
SA command interpreter, addition and subtraction of waveforms,
multiple waveform storage, integration, differentiation, FFT,
curve fitting, extended graphics package, diagnostics, and
others as dictated by the user's needs. The SA command inter-
preter allows all of the above features to be accessed inter-
acﬁively through the keyboard via simple four letter mnemonics.
Additional commands can be readily incorporated intoc the SA
command interpreter as the user's needs change. Thus one has
at their disposal a system that is both powerful and easy to

use.
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Table I. CSR OPERATIONAL STATUS

BIT

15

14

13

12

11

10

DESCRIPTION (H=1, L=9)

Sets H when (1) bus does not reply 10 us after addressed
(non-existent address - prevents bus hangup), (2) attention
is called for (not device originated) and a SA cycle or DMA
cycle are not being processed (if so it sets at cycle com-
pletion). ©Normally attention is called by operator inter-
vention to halt the device without destroying current
contents. For both (1) and (2) bit 14 must be set H to
enable "A" interrupt.

Must be set H to enable bit 15 - "A" interrupt request.
Otherwise "A" intérrupt is ignored.

Sets H when word count overflows signifying the end of

the DMA cycle - generates interrupt fequest "B".

Must be set H to enable interrupt request "B", otherwise
"B" interrupt is ignored.

Sets H when the de&ice requires a DMA;resets back L on

word count overflow (also on non-existent address and INIT).
Determines R/W status of SA memory. H indicates DOUT cycle
(device to bus), L indicates DIN cycle (bus to device).
Determines R/M/W status of SA memory if set L causes

DATIO cycle.

Resets device when set H (1 us RESET-INIT pulse).

Erases SA memory when set H (erase time ~ 1 ms). Resets

to L at end of ERASE cycle.
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BIT DESCRIPTION (H=l, L=¢)

6 If set H causes contents of memory to be clocked at ~
1 us/word - used to display memory contents on X-Y scope -
contents can be either SA result or data returned from
the bus.

5 Extend memory address bit 17 used to expand addressable

memory from 32k words to 128k words - used by MMU on

LSI-11/23.
4 Extended memory address bit 16 - see bit 5.
3 When set H inhibits 16 bit + 32 bit increase in word size

during DOUT«cyclé - single word precision. When set L
causes 32 bit storage of data - double word precision
(I*4 format) .

2 When set L cause§ destructive read of memory (during DOUT
clears after read, during DIN overwrites) when set H
causes non-destructive readout. (During DOUT simple
read, during DIN does an add to SA memory) . No effect
on DATIO cycle.

1 When set H starts the device.

8 When H causes "A" interrupt to be set at end of current

SA or DMA cycle - stops device.



29

References

L. T. Specht, "A Computer-Based High Speed Digital Signal

Averager, M.S. Thesis, University of Illinois, May 1977.

LSI-11 Microcomputer Handbook, Digital Equipment Corporation,

Maynard, MA, 1978.

CHIPKIT User's Manual, Digital Equipment Corporation,

Maynard, MA, 18979

Biomation 6500 Operating Manual, Biomation, Santa Clara, ca,

1978.




30

‘wexberp Yo0Tq oovIIS]UT I9berear Teubrs T 2anbtda

sNg LE-1S71
o
O
h =g
2
in
SANIT TO¥INOD [/// HITTOHLNOOD
LdNUU3ILINI/VYINGA
@ 0\
HITTOHLNOD
HI1SVYN

Lnox =+

ova-x |K5na vw| Auowaw

LNOA %

WVA-A K snda_aw >

sNg vivda

< |

L
< sSN9 vivd 0059 |

nav




31

*UOT309S JTun OTHOT OTI|BWYITAY 7 2anbTg

T N3ILvd

ﬁ *I!IIIIII allva

1 NIWNS
I 1 a1IWNS
1 41DWNS
Y h «
:w‘wm._ < > diiva
.—.DOU‘I. mmmc0< .‘!‘IIZ_U
0

| sNd aw HoLva
A A

<] xdw

ﬂ ﬁ sng vivd 1

HADH

i<
< Viva 0059]

1/H JADVS
1 Od3zZa
H 91/HY154




32

*uoT3oes Axowsy ¢ 2anbtd

I9S0

4

- awiaw
ZHW 1 H A1dS

- 7 1INI

THAIOVW

HILSIOIH VN

Aw sNE YW

ﬁ\

91 X )i
AHONW3INW

- 182

- 1 dM

<  S1-0 waAW  sng aw




33

*UOT3IO9S I93I9AUO0D bofrue-01-Te3THIP L pue X

1Nnox

ANVIg -7 -

LiNJHID
ONDINV g

< H ATdSAW3IW

- H DJADVS

LNOA

AZL-

'y o2anbtd
ava-x A\ sngd vyw |
H3 LHAANI

e A CI
ATl
ova-A K& Sna aw ]




<
o)

H V1SDY <]
H LSYN3 -1
H 915y =
H 1SgN3
H biy =]

1 NIlVQ ]
1 Ollvg =—
1 1IN <

H 3svyy <&
H Aldsawiaw -e—
[LQYX
9L gy X ]

H Imo —1

1 153q
H AQv3iy

H Nlly <

HSO

—

~
[Lnd1nO ¥3aav >

Hiiva

<L
<__INdNI_¥3gav

HOLlvd

*UuoT3OSs 3FANAISIUT pue SSOVIpPpe AIoWLW 309ITF °G °2INnbTJ
H NIIQV ] &£ -~
21907 < >
h Y Pl
\V YINd
&
< 12313S ‘©13d 1T ONASH -
Y
21901 -t 1NOAH ~—
> JOJ0L0Hd
g1 19IME —
-
1 0dlg -= O
1
- 1 0MVIg -&
. 21901 o
” LdNHYILN] [ 1 bDivig — -
t—— 1 LINIS —]
w
1 LS99 ~—

sng vivda

'

ss3avaay HOLIMS
wo1oan IK—— " va

SsS3avaayv HOLIMS
39IA30 [Kem— va

SHADX <

S1-0

ivas >

HOM

Hvdg




35

*1PWIOJ SSBIPPR I0309A PUE SS2IPPR 290TAS(Q

HOLDIA 1dNAYILNI

PXX = HOLO3dA ANODI3S
OXX = HOLO3A LSMid Ol-€€ 8-£¢€ 9-t¢

_m,mm _Numm __,¢N
_
0O O €A A GA 9A LA 8A

O 1 ¢ &« v+ 6§ 9 /L 8

NOI LO3 T3S
LdNYYILNI

OXXXXI = Y Lu

bXXXX] = ¥HSD

ZXXXXI = Yvd

OXXXXI =  HOM SSIMAAV 30IA3IA

G-¢¢ ©-€¢ 1-€¢ b2 G-b2
_v-mm _N,mm _ 2-b2 _vlvm _o-vm

TOMLNOD ILAd _ | _ | |
| SV bV GV 9Y VY 8V 6Y OIV 1IV 2IV

O 1 2 ¢ + 6@ 9 L 8 6 O Il 2 € bl GI 9 1

NOILO313S 379VLI3TIS HOLIMS 4256848 A8 d300923d
431S193y4

‘9 2anbtd




a
ie

i

REETI

ix
45 {i
£3 4

Lix
r
&

oo
H

EX]

Figure 7.

N .

o -
v f [

I ]

i

T
£ U

A simple interrupt handler routine.

36



i)
g
io
+
Y
H

MOy

L (5 L

L

§

=
=z
-4

FHEE2

T o

oo FE2eR2
BR 34

3 MDY CBF 3+
RTS FL

WORD i

ST
IR o R L PR RN

s

u,.r-.
ASCIT

WORD

o

+

+

QQSPTI
k'd U \"
MBJII
WORD
a3CIT
ORI
+AB0IT
WORD
A8CIT
WORD
CIT

-

£y

E3

1

Y

+

+

it

.
=

WO
ey
]

SBBCTL
PRT f }:i
LABCEL SUATH

Q

Figure 7.

ol
e

[ )

T

FRECISIO

READ-0U

ontinued.

37



S

v

l

LFF
UF 3

o

[
[

-4 {73

“
*ui
i

<

s

o3

]
i
i

-

...:,
<=

i

]

&=

=

,
7
i

oy

-
L
FEw]
[k

"m
1,

Vi
g

£

=1
{
F

]
[ R

[ Y

it

[

iy

b R

3
T

=

i -
i

il

L
]
i

¥

5 e
wed ik

L.

E

LA

L3 A e
wF i e

Do Jies 1

ECR Ry

R IIET T
PORR N R e

Figure 7. Continued.

B o S 3 ™
1 ot Sud

i e




Figure 7. Continued.

39



0AaTA O
DATA 1
0ATA 2
DATA 3
DATA 4
DATA 5
0ATA ©

DATA 7

DSTBLB H

SACYC H

DSTBHB H

DATA 8
DATA 9
0aTA 10
DATA 11
DATA 12
DATA 13
DATA 14

DATA 15

Figure 8.

ALU schematics.

FR-&TSL

| I Y
| 62 } ! 83 V1 330 (8K
| == i
a : " s PERDATA O
I ] ~d 1 Ar—
L, &vf ! ' > : WV PERDATA 1
94 | | 2 I —WA—

"P{—V | : §<L. ; PERDATA 2
[ ! i - b PERDATA 3
17 | bl ~d —aA—

B s B I " oAb PERDATA 4

| 1 | L Aaaa— =
—La 3 ! L == ]~r ! } PERDATA 5
1 i T aan—
Mo l "‘“E{Tj] ! 150 (6K) L
1,1/._:__._. { : $—13 1
n-ﬁ-_ 7. 134 |
i | i zj]J
| ISP P | [ R |
8 14 17 3 1318
> 53 DZERO L
T 1'|s 1§ 2 12 19
ADDA O ADDA7T
| SACYC L
ADDA 1S 00AS8
xL 159 191
> 50
137 14 18 7
""" [ 3nn Attt B |
s Lo
SN et A | =21 |
1 ] E |
! {3_‘9——' ! ! "—"-!9% ]
——13 7 7 13—9
! L } ! - 1
M By
e | )
o—p | . I
'1~l ; 9 : : jz }-11 :
Nl | ! —'ﬁz}aﬁ !
P 1 v !
B e— 3 l ! :: }17 ]
1 — : ; 1 {
i 17 i I i zls i
| U | [ J

40



ADD A o\ ADD A 7
5 31312 621511 5 31312 2151
1 Il 1 [N} [ +5
CIN H——7-] 60 | P— 59 %m
4 1 13 10 S 1 1310 B2 =
DATA 7 9 8 20— 19 MEM 7
B e Uy =17 5 &
— e Jomme 3 4
1e [ 152 [
B —— 13 3 10
—5 & =
DATA O 7 18 17 L L ™ MEM O
3 LX) g <§ > (16 K)
DATLO H —————3 1 SUMLD L 1 3 3
| SUMEN L3UMCLR U SO 3333 -
| il
]
DATA 15 3 s 20 19 MEM 15
———2 3 22— 21
1 se 1 s [
P . Y —13: 3 =10
————— 5 14 16 13
et et | S =t pee LA T-nd
DATA 8 ——————— 15 i [ 18] o MEM 8
N i I
il w47 B2
K=
COUT H——29- 57 9 58
1635 WM2E 12143 5 u.rf:jé +5
ADD A 15 ADD A 8 FP-5750

Figure 9.

ALU schematics.

41



42

RESET L
11 12
INIT H 9 o
I 8
" s 1 S1 76
MEM 15 L 3 NWOVF H 13

12— (—L7 !
69 60090 9
13~ -3 & 330
MEM 12 1e— H 1200
-n l 9 2 l
10} =
11 o~ 13—
el 57%
10, 8, £} o2
13 —
16 -u-'J (- e SV
MEM 11 114 —1- 13- 3~
12 70 —'J‘.: %—' 68 '-13.7—
13— 3 15
5 I-14
MEM 8 14 5 13 - L
: 12 - 5 for 1 2mememmd
" 54 8 ~
o 111 o8
) s L = &3 . 2—MACLK L
_F 3.
MEM 7 u: =
2
121 17 1
71 5 e
13 3 5 =4
MEM 4 Sy pt
=7 79
b e
2 =3 i
o= g
ml s_l
MSB {15 Hu
MEM 3 1] 1 =
121 17
72
13- 3
MEM O 14 5
Ls3}—s
1 ]
i}
4 313141718
[
et 1
73 N
T T i
T
11109 ;5! 4 1312 158678 IIOU.JZJ
I [N} [ i ] L 1
+5 14 +5 1
-12 3:i . 74 -12 3 7

XQUT MEMDSPLY ~—8

13 16 5 8
‘>
10 4:24 10 a
10p ¥ 10p
SACYC H~——3
s> v QUT : N xo—>z BLANK

L6 K

FP-§749

i

Figure 10. Memory and DAC schematic.



43

$G19-dd

ANCT-—= i&l 3

= ]

"OTARWOYDS ISIADAUT AZT °TT °anbtd

18 >m._w/_
. TS
3 % }
.FN o0t GeLENT
a ﬂﬁ 7 PIENT 2222N2 nZ9
a1
HWT M02
ANN— NO1
1
v +
2 ut
< 28|’ =
, T
001 [
m [
e —o A wxwm
A0t g1/ 70GT
l

AT+




44

BDAL DATA
15 15
12 -7 »
n 1 b-17 11
14 124 14
B e ——r - B Lo b
RIS e %52‘.__13- 22—
™ 1
’3_ ._4_1 =
=
BDAL DATA
10 10
-] =7 g
8 14 =17 8
13 21 - 13
o gl IR S el 330
e 28 ot 1 14 V"g O e AAA e+ 5
e 3, e 3
13-4 bt 24
R =
BDAL DATA
7 8 7
& 9 (=7 &
& 1 P17 5
o 12— 34 0
e o]
S R o i 33
H— -
T RECH
BDAL XMIT H oam
& 8
M s
2 11 =1 2
t 3ol asd 35 e 33
M S o 35 V3
5N 1 AAA——+5
BBSTL L S A 330 INWD L
+5 p S—"'3
. b' « INWD H
L
Lo 11 J
BWTBT L 5 8 ’
NC 3 =
afp v -"BO0UT L o -3 40E
LY L —8-] 2 OUTHB L
680 29 13 QUTLB L
e AAA et & |17 SELO L
Ly SEL2 L
e, SELS L
46 Trey H i SELS L
D RALY | p
25 ;
RDIN H s-%o —d :
3§
= . =
piNT L-2RA L 5 L
BIAKO Lo b : e Cia CSRWHB H
+5 5 26 CSRWLE H
BIAKI L |27 : RQSTA H »
=y ENAST R HOSTBH
BIAKO L 330 = - ENBST
330 : INITB L
(On Quad Boord)
680!
= '-l-' FP-6759

Figure 12. DMA and program control schematics.



DATA
3 Lis 15
16+ 14 bt
OUTHE L is ] 5 E
SELO L H g 2 io
o L—SEL2L 197 -2 ¥
2 7 8
] e
17 WCNTO H
DATA
S 3 15 7
—16 14 &
13 5
QUTLB L te 2 :
Py ..):y_ 3
91 37 I3 3
a L 7- Q
Iy p—
) 7t
BOMG! L 13 L REQ H
BOMG O L T s "2 DAaOTLDAnNL
+INIT) L . =
M 114 p- 16
BOMR L 1 e DATNL] CNT4
TDINH 51 27 [ iX =
O MASTER H 2 13 AN 45
Tome HEZERE = A ADREN H
RPLY H ~ 13+ S
1000p K
30 | T @ —
— _ __:)’_e ADREN L
BDMGO L , v . i '
(ON QUAD BOARD) 23 o5
WCNTO H —2 18
180p L 1
T L
= DATA 13 12 -9 RQSTB H
41
CSRWLS H 1>
R
INIT L—————-—7 FP-6753

Figure 13,

DMA and program control schematics.

45



START H

149
(-8
'—10'-

DEVMAS L

48
CSRWHE H a«Dc . 3 :>o- ’
4 ¥ 12 —
OATA 15 “) S [——u b. =
INIT H
; +5
1000p 315K
+5
¢ T
1K
ADREN H 10418

L
42 &
—D "
9 A H2——3-1>
13 1z 1346 —[:
SACYC H _zwm« =
REQH !

-
3
|
‘-l-\’
I3
53
i

15 SmS————A (g R ST kR RN
REPLY H -DG S
e S
CSRWHB H 2 m. —a - P ROSTA H
DATA 15 1 ,
10
Iy
S
DATA 10 12 . DATINL
INIT L ~ 1
25 40
DATA 9———-2- =3 ——DATIO L
=il R
- 39 Tu
CSRWLE H D “u— DATIOT L.
12
b4
3
1Kk *3
10K
10p USER RQST L——q
H 4
P A
3 I S
. DATA 11— 2+ -5 REQ A
a3 40
CSRWHB H———3-1>
DATN L oA 12 3
7
1 1
4
WCNTO H s B
O
(TOS+HINIT) H 5

FP-&758

Figure 14. DMA and program control schematics.



Lat 2@0 ‘{2@043 CSRRD L
SEL4 L —3 1
MRPLY L ' 5'6 CSRWHB H
QUTHB L 3
l—q
————5@0-6 CSRWLB H
OUTLB L 3
INWD L 5@0f’ @Gm DATEN L
SEL6 L 1 10— DATEN H
DATN L ——17
ISJ_
MRPLY L '”’13 :)’-11 CHANHB H
QUTHB L 1 3
—1"9@03[— :)3 CHANLB H
OuTLS L ——11 1
TDIN H
DATENH — 13 XMIT H
ADREN H 2112-]_ . -
——————————————— 1 -
ToOouTH 3 1-9}11—‘1—10- 47)}8— REC H
TRPLY H 5 - '
(et
INWD H a-
‘.'7"""""“"“""“1: BRPLY
5 J» 19— |
TRPLYH II 16 15& —t—-—-—RPLY H
{ } BDIN
1 19— :
TDINH { § 14~ 7—dtqr——RDIN H
{
i
1

TDOUT H

MASTER H

Figure 15.

!

I ;
—_— ——-Zjl ’>o—18 17«‘ ->o- —

x i

|

]
1 : BSYNC

19— |
——-——-}————8&12—1»—11 9-——-}———-—RSYNC H

BDOUT

e e e e e o e o o

BSACK

FP-6760

DMA and program control schematics.

47



CSRWLB H
DATA Q ——p—il 10 ATTN H DATA L——-3 -2 START H
7 7
9 9>
R R
1 1
ANIT L T j
DATA 2 6 -7 DEST L DATA 3 4 5 OWTH
7 7
® R R
g B
S S
DATA 4 121 9 XAD 16 DATA S 2 5 XAD 17
1 1
l-—u-> 3
R R
] '_______TJ:
10 |
DATA 6 14 18 MEMDSPLY H DATA 7——12 ERASE H
7 5
s —ry
P R R
————-—]’1 RESET L————jn
470p 231K
L xfa—‘ 15
s &3
DATA 8 12 RE—E 1] 13 2 w. INIT L
INITB L—l‘DO-z—a:’ C
38 42 26 "
A » 2 b. 13 INIT H
CSRWHB H 11> a __E_l )
TLB - 3
; FP-5756

Figure 16. DMA and program control schematics.



fmrmmmm T 1

DATA 8

="
ATTN H —‘,—11.?9—4——-—: DATA O
! 19 I
| +
|
{

DATA 1

|

[

INIT H— 4?165
{ : |
, T
T |
| |
| |

I
READY H—b17 {?3
! 19
[
|
|

DATA 2

DEST L——ts 16
: 1
]
i

owT qus{?s-—r——-mm 3
19

} I
H )
1 1
| |
| |

XAD 16 — a?m L DATA 4
l 1 ! :
i
!

DATIO L —2 18———DATA 9
! 1 :
! i
DATIN L { 15 §-——DATA 10
i 19
| |
? E
REQ H—-17 3+ DATA 11
! 1|
! I
ENBST H— a{?xz}———ozm 12
, ,
—
RQSTB H— G‘D—l“n—‘—-: DATA 13
i 1
! |
i
ENAST H—1 11«>—9 ' DATA 14
13

I
!
t
1
t

RQSTA H 13 7
! 19

I
|
1
|
|
!
i

DATA 15

|
XAD 1?—%—13%7 ——0ATA 5
| |
MEMDSPLY H E 2%‘—3; DATA 6
! i
ERASE H i 4%1.5-%——-0/&& 7
E—
CSRRD L

!
|
i 38 !
e FP-6754

Figure 17. DMA and program control schematics.
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IC PARTS LIST

Numberxr Type Number Type

1 74LS74 31 741527
2 7425 32 74LS02
3 74LS00 33 10 pole DIP switch
4 74LS74 34 DCO05

5 74LS74 35 - DC0O05

6 7415244 36 DCO06

7 74LS174 37 DCOO06

8 74LS221 38 7415244
9 7415221 39 74LS74
10 74LS10 40 74LS74
11 74LS04 41 74LS74
12 741,502 42 7415221
13 74LS74 43 74LS221
14 74LS51 44 74LS00
15 74LS00 45 741802
16 74LS02 46 741504
17 741574 47 7415132
18 74LS244 48 741528
19 74LS00 49 741586
20 74LS02 50 7418273
21 7415221 51 745412
22 DC00S5 52 745412
23 DCOO0S5 53 74LS273
24 5 pole DIP switch 54 741.8244
25 74LS240 55 74L.S244
26 DCO03 56 7415374
27 DCO10 57 7415283
28 7415240 58 74LS283
29 DC004 59 74LS283
30 741827 60 7415283




Number

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

Type
74185283
7415244
7415244
74L.3393
7418393
7418132
74LS393
7418374
2114
2114
2114
2114
74L5374
AD561
74LS02

4 pole DIP switch

AD561
AD509
74LS374
AD508
7912
LM311
74L8S02

All resistors are % w 5% carbon

All capacitors < 1000 pf

.001 uf
.01 - 1 uf

> 1 uf

mica 5%
ceramic disc
monolythic 50V

tantalum
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