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DMA LOGIC DESCRIPTION 

Address Recognition 

The DMA recognizes a block of eight words. The high order 6 
bits must be ones, and the next 10 bits are determined by 
switches on the device interface (DI). Lines from these switches 
(ADS04-ADS13) are EX-ORed with address lines 4-13 and the results 
wire-ANDed to form SWMAT+. STRB+ is delayed by passing it 
through similar gating to form STRBD+. The latter is ANDed with 
HOLD- (to inhibit address recognition until the fall of HOLD) to 
form CLKAb which strobes the state of ADMAT into ME. The ME flop 
is operated inverted; ME+ is asserted when the Q output is true. 

The rise of ME starts a 420 ns delay (MEPLS) before issuing 
a 50 ns DONE pulse (DONET). ME is cleared by the fall of 
undelayed STRB+. 

The three low order address bits (not counting the byte bit, 
which is ignored) are sent to two demultiplexers (9334) to derive 
individual signals for writing and reading each of the individual 
registers. The data inputs are both senses of RITE, so one 9334 
responds only to WRITEs and the other only to READs. The WRITE 
9334 opera~es as a strict demultiplexer, enabled by MEPLS. The 
READ 9334 also demultiplexes but latches its state until the fall 
of ME+; thus its outputs are valid until the fall of STRB+. 

Outputs from the 9334 are named: 

{ 

{
DEVT 

{
R (read) } DDP 
W (write) {R (recv.)} l X ( xmit.) 

(device type) } 
(device dependent) 

{
BEG (begin ptr. )} 
END (end ptr.) 
ST (status) 

Several of these sign?ls are passed directly to the DI as the 
appropriate control lines. For example, writing the begin 
pointer (WRBEG, WXBEG) pulses the RSTRT lines. Writing the end 
pointer (WREND, EXEND) pulses the START lines.' Writing or 
reading the status (WRST, WXST, RRST, RXST) causes the 
appropriate GVST or STBST line to be asserted. If data bit 8 is 
set when writing the status (signifying a programmed reset) RSTRS 
or XSTRS will be asserted. These are ORed with MRES to form RRES 
and XRES. Accesses of the device dependent register (RDDP, WDDP) 
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and reads of the begin pointer (RRBEG, RXBEG) are sent to the DI 
and otherwise are ignored by the DMA. 

Pointers 

The pointers for receive and transmit sides are handled 
similarly. In the following, the receive half will be discussed; 
transmit is identical signal names are obtained by 
substituting an X for an R. 

The "current" pointer, which holds the word address of the 
location either previously or just being accessed by that half of 
the CMA, is stored in a 19-bit synchronous ·counter (RC01-RC19). 
The carry input to stage 13 is disabled; therefore the high order 
seven bits of the counter (13-19) act only as a latch and do not 
change when the counter is toggled. This counter is 
parallel-loaded when the BEGIN pointer is written (WRBEG). The 
high order 16 bits come directly from the data bus (DB01-DB12). 
The low order 3 bits are specified by the low order 3 bits of the 
status word and are latched as RLC01-RLC03 by WRST. The counter 
is set for count-up operation. 

The 12 bits of end pointer information are latched from the 
data bus by WREND. The outputs from the end pointer (RE01-RE12) 
are compared with the low order 12 bits of the current pointer 
(RC01-RC12). The oµtput of the equals detect are wire-ANDed 
together to form the EOB signal. 

Control 

Bus access is controlled by two DBALs; one each for receive 
and transmit. In each DBAL, the A half controls data access and 
the B half handles pseudo-interrupt requests. The command inputs 
are connected directly to the DI's READY and DOINT lines, which 
signify that it wants a data or interrupt request, respectively. 
The answering signal to READY, NOW, is given for the transmit 
side coincident with ACLK telling the DI to strobe-in the data 
which the DMA has read for it; on the receive side, NOW follows 
AONL, telling the DI to output its data to the bus for the write 
cycle the DMA is performing. Receive NOW is delayed until the 
fall of the current PCDA so that a quick fall of READY in 
response to NOW will not allow a little PCDA to leak out. The 
response to DOINT, INTDN, is given at BCLK time. The DBALs are 
connected to the bus in the usual way, in parallel. QUIT and 
DONE are buffered to provide the necessary fanout to drive two 
DBALs. The precedence pulse (PCDA-PCDAB-PCDB) is chained 
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serially through the DBALs. The DBAL is reset either by the 
reset signal for that half (RRES/XRES), or when the begin pointer 
is written. If the latter occurs in the normal course of events, 
viz., after an interrupt has occurred and the program is setting 
up for the next buffer, no bus transactions will be in progress 
and reset will do nothing. However, if the begin pointer (to 
perform the restart function) is written while the device is 
active, the desirable feature of stopping any transaction in 
progress is accomplished. 

The QUIT latches (RQUTL/XQUTL) remember 
occurred during an access. They are reset by 
writing of the begin pointer for the next buffer. 

that a QUIT has 
reset or the 

Writing the begin pointer also sets the corresponding 
"first" flop (RFRST/XFRST), thus preventing the first access from 
toggling RCLK/XCLK. At its conclusion (the trailing edge of 
NOW/DOIT), the flop is reset and CLK follows READY. 

RITE is latched from the bus by STRB. 
the bus by the DMA (RITET) when on-line for 
access (RONLN) or an interrupt access (DOINT). 

The Data Bus 

RITE is asserted on 
either a receive 

The DMA contains a 16-line, open collector, negatively 
asserted bus (DABOO-DAB15). These wires are passed to the DI 
(STOO-ST15) and are used to pass non-data information to the DMA, 
e.g., device type, interrupt levels, status. The other primary 
source is the pointer multiplexer, which multiplexes the two 
current pointers and converts to open collector form. The 
multiplexer is enabled onto the DAB lines either when on-line for 
a data transfer (DATOL) or when reading either end pointer 
(RDEND) (only the low order 12 bits). In the former case we are 
broadcasting the address to be used for the data transfer. The 
DAB lines in this case go through the address multiplexer to the 
address BDRs. (Note that bits 16-19 go directly to the 
multiplexer since they are not used elsewhere.) If the end 
pointers are being read, the data BDRs are enabled (DDREN from 
SLVRD) and the address BDRs (ONLN) are not thus the 
information goes on the data lines. A situation similar to the 
latter occurs when reading status or device type, except that the 
DI provides the source. During an interrupt access (DOINT), the 
address multiplexer switches so that the prewired (except for two 
bits from the DI) PID address is connected to the address BDRs. 
The DI supplies the PI level via the DAB lines which are 
broadcast on the data lines, since DOINT is a term in DDREN. 
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Special Status Bits 

The error bits (RERR/XERR) are passed from the DI. The 
sense of the QUIT latch is ORed in and when the end pointer is 
read (RREND/RXEND) it is connected to bit o. The last packet bit 
(LASTP) is also passed from the DI. If there is no QUIT on the 
r~ceive side (RQUTL), completion will be reported (bit 15 set) 
when the end pointer is read. The sense of the QUIT latches is 
repo~ted as bit 8 when the status words are read (RRST/RXST). 
The signal GVPI asking for the DI to present the appropriate PI 
levels on the ST lines is asserted when status is read 
(RRST/RXST), or when an interrupt access is on-line 
(RBONL/XBONL}. 
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HLC LOGIC DESCRIPTION 

The Compatible Local Host interface (HLC) is a single card 
module interconnecting a local Special Host Interface as detailed 
in BBN Report #1822, "Specifications for the Interconnection of a 
Host and an IMP." The functional specification for this module 
outlines operational aspects, while the present document 
describes the logic in detail. The following descriptions assume 
that the interface has been cleared, the Host and IMP are in the 
ready state, and the interface is unlooped. Signals signed + are 
true when at a TTL high and signals signed - are true when low. 

Output Section (HLC20) 

An output transfer is initiated when the buffer end pointer 
is written to the DMA, which in turn asserts START (STRTT+, 
100-150 ns). On its rising edge, the high order data bit on the 
INFIBUS DBR15 is sampled to see if this is the start of the last 
packet. If so, EOMTX is set. The inverted version of STRTT 
assures that LIBTF is cleared, clears the 74161 bit counter, sets 
BUSYT to an active condition and sets RDYTF+. Since BUSYT is 
true, REDYT+ is true. This appears at the DMA as READY, the data 
service request line. When the DMA gains bus access and the data 
is present on the bus, the DMA asserts NOW (NOWTX+, 40-60 ns). 
This signal direct loads the 16-bit output shift register from 
the bus receivers and direct clears RDYTF. On the trailing edge 
of NOWTX, BTAVL is set to indicate that the high order bit of the 
shift register is available on the data line to the Host, IMDTA+. 

When the Host is ready to receive, he will assert READY FOR 
NEXT BIT (RFNIB+). Since the interface is unlooped and the Host 
is ready, BNABL is true and TYIMB+ (THERE'S YOUR IMP BIT) appears 
on the cable to the Host, signifying that the bit is now 
available on the data line IMDTA. Note that it makes no 
difference whether RFNIB comes true before or after BTAVL. 

Upon accepting the data bit, the Host shuts off RFNIB, 
firing SHIFT (100 ns). The leading edge shifts a new bit into 
position while the trailing edge increments the bit counter on 
the rising edge of SHIFT-. Also, SHIFT direct clears BTAVL, 
removing TYIMB in conjunction with the disappearance of RFNIB. 
Since DONET is not true, TDELY (adjustable for desired 
IMP-to-Host transmission rate) fires on the trailing edge of 
SHIFT. The trailing edge of TDELY sets BTAVL to indicate that a 
new bit is available. 
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This sequence repeats until DONET, an all 1's detector, 
comes true after the 15th SHIFT. On the 16th SHIFT, since DONET 
is true, TDELY does not fire. Instead, because EOBTX is false, 
the trailing edge of SHIFT sets RDYTF, raising REDYT. When NOWTX 
is returned by the DMA, this new word and succeeding words are 
transferred as above. 

When the last word of the buffer is requested, the DMA 
raises EOB (EOBTX+) sometime after it sees REDYT, but before it 
raises NOWTX. This time when DONET comes true, if EOMTX was true 
(last packet), LIBTF is set. This appears at the Host as LIBIT+ 
(LAST IMP BIT), indicating that the next bit will be the last bit 
of the message. If EOMTX was not true, LIBTF will not be set. 
In either case, on the trailing edge of the next shift, which 
follows transmission of the sixteenth bit, BUSYT is shut off. 
The fall of BUSYT sets RINTT (DOINT at the DMA). The DMA 
acknowledges this interrupt request by raising INTDN (CLRIT-, 
40-60 .ns), which direct clears RINTT. The interface is ready now 
for another START pulse. 

In the event that a data word access fails and QUIT appears 
on the bus, the DMA asserts QUIT (QUITT-, 80-100 ns). This is 
used to direct clear BUSYT, which holds BTAVL clear. It also 
direct clears RINTT, preventing the fall of BUSYT from setting 
RINTT. At the same time, since BUSYT was true, the rise of QUITT 
sets QUINT, raising DOINT to the DMA. When the DMA returns 
CLRIT, the interface is quiet once again. If the interrupt 
access should fail, QUITT will come true while DOINT is true. 
This will direct clear RINTT if it is set. However, if QUINT is 
true, the leading edge of QUITT will clear QUINT since BUSYT is 
false. In either case, QUITT will shut off DOINT, once again 
leaving the interface quiet. 

There are four ways to generate the clear signals used in 
this section of the interface (see HLC22). A bus MASTER RESET is 
passed to the interface from the DMA as MRES (MRESX+, 500 
microseconds) and as RESET (RESETT+, 500 microseconds) which 
appears as RESTT in the transmit section. These signals clear 
all but one of the flops, and reset all delays to render the 
transmit section quiescent. RESET can be generated under program 
control also and passed from the DMA (100-150 nsec). In this 
case the interface is cleared as above, except that RINTT is not 
directly altered. If the interface has been active, the fall of 
BUSYT sets RINTT. When the DMA responds, the interface is left 
quiet. 
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Writing a begin pointer causes the DMA to assert RSTRT 
(RSTRT+, 100-150 ns). The effect is identical to the assertion 
of RSETT. Also identical is the effect of looping or unlooping 
the interface. An active interface in either case will raise 
DOINT. 

In the case of a looped interface, signals to and from the 
IMP are shut off (BNABL false and LOOPX true) and corresponding 
signals from the receive section are gated on when IMRDY is true 
(LPRDY true). Operation is otherwise identical. 

Input Section (HLC21) 

When the receive end pointer is written, the DMA asserts 
START (STRTR+, 100-150 ns). This signal direct sets BUSYR to 
indicate that the interface is active, direct clears the 74161 
bit counter, insures that RDYRF is cleared, and since neither 
LASTR, LASTP, or DONER is true, its trailing edge fires RDELY 
(adjustable for desired Host-to-IMP transmission rate). Since 
TYBTN is false and neither RDYRF nor NOWRX are true, the trailing 
edge of REDLY sets RFNBF, and, since the interface is unlooped, 
this appears at the Host as RFNHB+ (READY FOR NEXT HOST BIT). 

When the Host asserts TYHBX+ (THERE'S YOUR HOST BIT) to 
indicate that a bit is available o~ the Host Data line (HSDTA+), 
the leading edge of TYHBX sets TYNHB. Any subsequent transitions 
will have no effect until the next bit is available. This 
prevents uncontrolled transitions on TYHBX from causing excessive 
interface activity. The rise of TYNHB fires SHIFR (100 ns) which 
direct clears RFNBF. The leading edge of SHIFR shifts the data 
into the low order bit of the shift register and the trailing 
edge increments the bit counter. Since DONER, LASTR and LASTP 
still are not true, the trailing edge of SHIFR also fires RDELY 
when TYBIN is false and RDELY has run out, RFNBF is set again and 
the above sequence is repeated. 

On the trailing edge of the 15th SHIFR, DONER comes true, 
indicating all 1's in the bit counter. On the next SHIFR 
accompanying the 16th bit, RDYRF is set on the leading edge and 
REDYR+ (READY) is raised to the DMA to indicate that a word is 
available for a data access. When the DMA responds by raising 
NOWR (NOWRX+, 40-60 ns) the data drivers to the INFIBUS (HLC22) 
are enabled and the data word is stored. NOWRX also direct 
clears RDYRF and since EOBLP is false, its trailing edge fires 
RDELY to start input of the next word. However, the fall of 
RDELY or TYBIN cannot set RFNBF while a memory access is in 
progress since RDYRF and NOWRX must be false to set RFNBF. 
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When a word access will fill a buffer, the DMA asserts EOB 
(EOBRX+) to indicate this condition sometime after the interface 
has raised REDYR but before the DMA issues NOWRX. The result is 
that since EOBRX is true, the trailing edge of NOWRX clears 
BUSYR, indicating that the interface is no longer active. The 
fall of BUSYR sets RINTR (DOINT at the DMA) to request the DMA to 
issue an interrupt. The DMA responds to the interrupt by 
asserting INTDN (CLRIR-, 40-60 ms) which direct clears RINTR, 
leaving the interface ready to accept the next STRTR pulse. 

When the Host raises TYHBX with the last bit of a given 
message, he also raises LAST HOST BIT (LHBIT+). If the card is 
jumpered to pad with a 1 followed by zeros, the leading edge of 
the resultant SHIFR sets LASTR. What happens next depends on the 
relationship of the last bit to the HSMIMP word boundary. Under 
all circumstances, the interface must append a marking one bit 
after the last bit followed by enough zeros (0 to 15) to fili up 
the current word. The interesting cases occur when the last bit 
falls between the 1st to 14th bit of the word, at the 15th bit, 
or at the 16th bit. Since LASTR is set by SHIFR following the 
last bit, but DONER is false, the trailing edge of SHIFR fires 
PADLY (100 ns), whose trailing edge sets PADFF. The leading edge 
of PADFF fires SHIFR, but since LASTR is true, the register 
shifts a one into its low order bit. Note that because of the 
bus drivers the shift register is operating inverted. The 
leading edge of SHIFR also sets LASTP, which direct clears LASTR. 
Since LASTP is now true, the trailing edge of SHIFR once again 
fires PADLY which sets PADFF, firing SHIFH. This time the bit 
shifted into the register is zero since LASTR is now false and 
LASTP is true. The clock input to LASTP is disabled, however, 
since it is now set. This sequence is repeated until DONER comes 
true as above. Since LASTP is true, the trailing edge of NOWRX 
clears BUSYR, setting DOINR. As before, the operation is 
terminated by CLRIR. The DMA reads LASTP to determine that this 
is the last packet of the message. This line (LASTM) is true 
only at the DMA, however, when ERORF, indicating a receiver 
error, is false. 

Should the last bit of the message be the 15th bit of the 
word, everything proceeds as above, but since DONER is true 
following the 15th bit, the 16th SHIFT captures a one and causes 
RDYRF to be set. Since the last SHIFR was able to set LASTP, the 
trailing edge of NOWRX clears BUSYR, and DOINR is set as above. 

In the case where the last bit of the message falls on the 
16th bit, RDYRF is set in the usual way, but NOWRX will find 
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LASTR set and its trailing edge will fire PADLY. As above, first 
a one, then 15 zeros, will be shifted into the register. Since 
LASTR is true, the final data access will be followed by DOINT 
being set. In the event that the word containing the last bit 
fills the buffer, the presence of EOBRX will cause NOWRX to clear 
BUSYR, setting DOINR. When the next input is begun with STRTR, 
PADLY fires on its trailing edge and, as before, the marking bit 
and padding bits are shifted into the register followed by a data 
access and interrupt. 

On the other hand, if the card is jumpered to pad only 
zeros, the leading edge of the SHIFR after LHBIT sets LASTP. The 
padding sequence is essentially identical to that described 

·above, with the exception that LASTR never comes true, and LASTP 
comes true one bit earlier. For instance, if the last bit falls 
at the 16th bit of a word, no padding will take place, since 
LASTP will be true when NOWRX comes true following the data 
access. 

Response to a QUIT is identical to that for transmit. QUIT 
passed from the DMA (QUITR-, 80-100 ns) direct clears BUSYR, if 
it has been set, and direct clears RINTR. If BUSYR has been set, 
QUINR will be set on the leading edge of QUITR, raising DOINT to 
the DMA. Similarly if DOINT has been true previously, RINTR will 
either be direct cleared, or cleared on the leading edge of QUITR 
since BUSYT is true. 

Operation of the various reset options is identical to that 
for transmit. Refer to the previous section and drawing HLC22. 
As for transmit, looping the interface substitutes transmit side 
signals for Host signals, but operation is otherwise the same. 

Status and Interconnection (HLC22) 

Three main functions are contained in this logic: Host and 
IMP ready and error, interface loop, and status as read. The 
remainder is miscellaneous inversion of DMA control signals, 
generation of the reset signals, bus drivers, receiver modules, 
and the various external interconnections. 

When writing transmit status, the DMA ass~rts STBST (RDSTT+, 
100-150 ns). On its leading edge, data bit 12 (DBR12) is sampled 
to indicate whether IMRFF should be set or clear. If clear, 
IMRDY will be held off, disabling the drivers to the Host. If 
set, IMRDY will be true when retriggered at the prescribed 
interval by writing to the transmit or receive status words 
causing the DMA to assert STBST (RDSTT or RDSTR, 100-150 ns). 
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If the card is jumpered to use the ready line and if IMRDY 
is set and the interface is unlooped (LOOPX false), a relay 
closes, shorting XMTOT and XMTXN to indicate to the Host that the 
IMP is ready. When the Host is also ready HMRDY is at ground and 
when the interface is unlooped HNABL and BNABL are true, allowing 
gating of certain external signals when both the IMP and Host are 
in a ready condition. HNABL indicates that the Host is ready and 
the interface is unlooped. 

If the card is jumpered to ignore the ready lines, the relay 
will not close and HMRDY is always at ground. 

HERRF is set to indicate a receive error. This can be 
accomplished when HMRDY goes false, direct setting HERRF, when 
the interface is not looped. Whenever IMRDY goes false, this 
also direct sets HERRF. The error condition is cleared by 
starting a new input when STRTR direct clears HERRF. 

In the looped interface, HRDYX follows IMRDY, while in the 
unlooped state it follows HMRDY. In either case the ERROR line 
to the DMA (ERORR) is true when HERRF is true. 

For both receive and transmit, the ERROR line to the DMA is 
asserted if an interrupt request is caused by other than a normal 
end of message. It is cleared by either a Master Reset or a 
START from the DMA. For transmit, the fall of BUSYT sets ERORT 
if RESTT is true. Once set, the clock input is disabled and 
ERORT can be direct cleared only by MRESX or by START. If QUITT 
is asserted, ERORT will be direct set. ERORT+ occurs at the DMA 
as ERORT. 

The receive error logic is essentially identical, but HERRF 
direct sets ERORR. The two error status bits, HREOM and HERRX 
respectively, are true when there has been a Host error with and 
without an end of message indication. 

Transmit and receive ERROR is true while the transmit and 
receive sections are active (BUSY T and BUSY R true). 

Looping is accomplished in the following way. Receive STBST 
(RDSTR, 100-150 ns) samples data bit 14 on the INFIBUS (DBR14) 
into GOLUP. The trailing edge of RDSTR samples GOLUP into LOOPX. 
If the contents of LOOPX ever are different from DBR14 during 
RDSTR, LPRST will be asserted. This signal is a component of 
RESTT and RESTR, so as looping or unlooping takes place, both 
sides of the interface are cleared, and if they were active, 
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interrupts will result. MASTER RESET on the INFIBUS will cause 
the DMA to issue MRES (MRESX+, 500 microseconds) which forces the 
interface into the unlooped state. 

When status is read from the DMA, it asserts GVST for either 
transmit or receive (STSTX+ or STSRX+, 100-150 ns). These 
signals are used to gate various status conditions onto the open 
collector bus to the DMA. GOLUP is read for either transmit or 
receive; BUSYT and IMRDY are read for transmit; BUSYR, HRDYX, 
HERRX and HREOM are read for receive. The device-type number, 2, 
is put on the open collector bus when the DMA asserts GVDT 
(STSDX+, 100-150 ns). 

As can be seen, the two reset signals, RESTT and RESTR, are 
formed of the components discussed earlier. Other signals from 
the DMA are inverted to achieve the proper sense for use in the 
control logic. 

Switches (HLC23) 

Device-type data, and transmit and receive PI codes are made 
available to the DMA by driving open collector inverters onto 
those lines to the DMA where the switches have been installed. 
This delivers the proper code to the DMA at the proper time. The 
other switches are straightforward and all switch functions are 
described in the HLC functional specification. 

Drivers and Receivers 

IMP drivers are discrete component current drivers allowing 
interconnection of a number of IMP interfaces to the same Host. 
When IMRDY is either cleared or timed out, the drivers are 
disabled, allowing the drivers in another interface to drive the 
lines to the Host. IMP receivers are high impedance Schmitt 
trigger inverters. These lines terminate in 68 ohm resistors at 
the driver to achieve a typical signal level of about 5 volts at 
the receiver. When connecting more ·than one interface in 
parallel to the same Host, the termination resistors must be 
removed from all but the last interface card in the string. The 
driver is described below in detail. 

The 26-pin connector on the interface board is laid out to 
provide a ground line between each adjacent signal wire in a flat 
ribbon cable to avoid cross talk. Alternatively, the return line 
of each twisted pair will be grounded using flat woven cable. 

\ 
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Drivers and receivers to and from the DMA are standard TTL 
gates employed as described in the functional specifications for 
the DMA and the Compatible Local Host. Bus drivers and receivers 
are the standard CMI integrated circuits. 

1500 112 w 10 .,. 

111 • WIMWRAP PIN 

390.Q 
112w 
10% 

IN9608 

Figure 1 Typical Driver 

+ 15 y 
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In the "1" state, the output of the 7407 is at ground, 
causing the 9.1 volt Zener diode to conduct. The transistor base 
is then at 5.9 volts, with current through the Zener diode at 
about 20 ma. The transistor will now conduct, with the emitter 
at about 6.6 volts. The collector current will then be about 75 
ma causing a 5 volt drop across the 68 ohm load resistor. 

When the input is in the "0" state, the open collector 
output of the 7407 will be pulled up to +15 volts shutting off 
the transistor. Therefore, since no voltage is developed across 
the load resistor, line voltage is zero. 

The diode in the collector lead is to cause an inactive 
driver to present a high impedance to the line, even when no 
power is applied to that driver. 

• 
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HLC COMPATIBLE LOCAL HOST (continued) 
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HLC Compatible Local Host BBN 

see also DMA 
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HST LOCAL/DISTANT HOST INTERFACE BBN 

w 

R 

see also DMA 

Status address FXXX6(receive), FXXXC(transmit) 

u 
N 
u 
s 
E 
D 

. 15 

L 
0 
0 p 

(R) 

L 
0 
0 
p 
E 
D 

14 

I 
N 
T 
E 
R 
F 
A 
c 
E 

I 
N 
T 
E 
R 
F 
A 
c 
E 

u s R 
N E E 
u T A 
s D 
E I y 
D M (T) 

p 

B R 
u E 
s A 
y 

D 
y 

13 12 

H 
0 
s 
T 

E 
R 
R 
0 
R 

11 

E H 
0 0 
M s 

(R) T 

E 
R 
R 
0 
R 

u s Ready: 
N E 
u E IMP READY (T) 
s HOST READY (R) 

N E D 
0 D M 
T A 

E 
0 
M 

(R) 

10 9 8-0 

Note: Writing to either status address pokes watchdog timer 

Device Type 
Switches 

PI Transmit PI Receive 

1615l4l3f2(1lo fxl 16 I 5 I 4 I 3 I 2 1 i I o I xi 

I~ liJxjxjx)xJHU Iii ~1 9 1 8 1 1 1 6 1 5 1 4 1 
p '-------------I ~ 

•/ 

A DEVICE ADDRESS 
D 
D 
R 
E 
s 
s 
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HST LOCAL/DISTANT HOST INTERFACE (continued) 

JUMPERS 

0 0 0 0 0 

16 15 14 13 12 

1 2 3 4 5 
0 0 0 0 0 

READY LINE PADDING 

Type Connect Type 

From To 

3 14 

ENABLE 4 13 ONE 

5 12 

DISABLE 13 14 NO ONE 

SPEED (SPEED= ) 

High Speed (H) 
~~~~~-1-~~~~~~~~~~~~~~-

TRANSMIT 

RECEIVE 

remove .001 µfd capacitor 

between Cl0-6 and Cl0-11 

remove .001 µfd capacitor 

between Cl0-7 and Cl0-10 

Connect 

From To 

1 16 

2 15 
1 2 

15 16 

I Low Speed ( L) 

add . 001 µ fd capacitor 

between Cl0-6 and Cl0-11 

add . 001 µ fd capacitor 

between Cl0-7 and Cl0-10 
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DMA 

00 
Oo 

•o •• 
IDM-H 

HST 

Oo 

00 

34 •• 
33 00 

19 ) 
18 :: 

LOCAL/DISTANT SOCKET 

pin No. 

34. IMP ready 

31. IMP ready return 

13. Host ready 

30. Host ready return 

_...12. Ready for next host bit + 
29. 
11. 

28. 

Ready for next host bit -

There's your IMP bit + 
There's your IMP bit 

10. IMP data + 
27. IMP data -

9. Last IMP bit + 

26. Last IMP bit -

8. Ready for next 

-," 25. Ready for next 

IMP 

IMP 

-----~------- 7 . There's your Host 

24. 
6. 

23. 
5. 

There's your Host 

Host data + 
Host data -

Last host bit + 
22. Last host bit -

bit + 
bit -

bit + 
bit -

4. There's your IMP bit/Local 

21. GND 

3. Ready for next Host bit/Local 

20. GND 

2. IMP data/Local 

19. GND 

1. Last IMP bit/Local 

18. GND 
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RECEIVER OPTION -(RCV=.) (chaos e only 1) 

LOCAL RECEIVERS (LR) DISTANT RECEIVERS (DR)(ilE-) 

FROM TO 
J21B J21C 

J22B J22C 

J23B J23C 
J24B J24C 

J21D J2-51 
J22D J2-52 

J23D J2-53_ * FOR PRO~OTYPE PnARDS (F FXI~~) 

_J_2_ 41)_ _J2-5lL 

tT21D= WIRE 
WRAP rr2+ 

tT?2D= PINS 
Aee B 

ON • c 
,J23D= c:;o CARD 

EDGF 
J2411= 47 

TERMINATION OPTIONS (TERM= ) 

DISTANT DRIVERS (DD) DISTANT RECEIVERS (DR) 

FROM TO FROM TO 

J9A J9B J5A J5B 

JlOA JlOB J6A J6B 

JllA JllB J7A J7B 

Jl2A Jl2B J8A J8B 

Jl3A Jl3B J21A J21B 

Jl4A Jl4B J22A J22B 

Jl5A Jl5B J23A J23B 
Jl6A Jl6B J24A J24B 
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LOCAL DRIVERS (LD) LOCAL RECEIVERS (LR) 

FROM ] TO FROM l TO 

Jl7A Jl7B J5A J5B 
Jl8A Jl8B J6A J6B 

Jl9A Jl9B J7A J7B 
J20A J2QB J8A J8B 

Notes: 

1. For 1822 local and distant levels only terminate 

drivers. 

2. For V.35 option terminate both distant drivers and 

receivers. 

3. In all cases, if two HSTs are paired for redundancy, 

only terminate at most one set of drivers and/or 

receivers. 

4. Local receiver and distant receiver strappings are 

mutually exclusive. 
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, t M'O • C!AA Ml C DISC 
'!!!" 24 PLACES 

COMPONENT VALUES 

A72 •'S.'Sl<~-1/4W 

R73 • 5'.f K4. - l/4W 

C,,7,1,'I >1 f8 PJd 

NOTES 

I _ t::!.- NOTCH SHOWN IN BUGS INDICATES 
t.=:i INSERTION DIRECTION 

Z - WIRE WRAP PINS 

3 - LeFT MOST AlllR 0' PIN$ UHUSRO 
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HST DISCRETE COMPOl'iENTS 

Cl• I MfD 

Rt • 3.IKa-112 W 
Rz-4,6,l,10,12,14 1 1&,18,20 • 549,., UNLl!SS OTHlRWISI! HOT£D 
R5, 7,9,ll,13,15 1 11 1 19 1 21-28 s 274,., ALL Al!SISTOR• 114 W 
R29. :S.9KA 
IUO • :S90A - IW 
R31,S2,34,35, 37 ,38, 40, 41,43,44, 

46,47,49,50,52,53• 300.A. 
R33,36,39,42,45,48,5t,54. 121A 
R55,59,63,61 • 150,,., - 112 W 
tU6, 60, 64 ,68 • 390.n.- t/2 w 
R57,61,65,69. 115 A· I w 
R58,62 1 66,70 • 68.n. 
Rll • tK.a. 

DI• IN523!8 
02 - 22,24,26,28,30 • lN3064 
023,25,27,29 • IN9608 

Qt,2,4,6,8,10,12,14,16,18 1 20 • 2N3904 
Q3,5, 7 1 9,11,15 1 15,171 19 • 2H3906 
Q21-24 • 2N2904 

NOTES 

I - ALL DIMENSIONS ARE IN INCHES.DATUM LINES SCALED FROM t 
OF TOOLING HOLE (LOCATED IN LOWER RT SIDE OF HST CARD) 

2 - WIRE WRAP PINS S'IMSOL. 

3 • DIODES C+l SYMBOL INDICATES: Q__. BOTTOM ENO OR~ TOP ENO AS 
PfR DIODE SYM80L ~ 

~ - MOUNT ALL VERTICALLY MTD DIODES< RESISTORS I/ 32" UP OFF BOARD 

cr.gr~r~;~~,.;--: ~~~~~is~~,;.~,~;,.-~ .. ;.~~:~~ I :~CTIONS: :!. 1164 , ~ :: § = ~ ~ ;§ u,,1 r. BrF~ ... " & 1<.w~l.l.N .Nt. J 
' '. :=..."'":~s;0y_;;: Cl.A.tC;Rii.'vf M:.5!> lll1JIS 

~::~~~~ ~_!_· ____ , ::s~r.;~T~1:·~·~~~~~fw~:I;!iJ~f i 
P'""" ' --- . -I,--. -- -~CDOi 00«'' "'· OWG riO I"" 1 
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HST ASSEMBLY 

1. This applies to HST Multiwire Boards whose multiwiring plots 
(HST-08) are REV. A. 

2. Make the following cuts and adds: 
(Cuts should be made as shallow as possible, with a small 
portion of the cut wire removed. Adds should be made on the 
component side of the board and should be routed under 
components to secure them. Adds should be terminated by 
soldering into holes shared by IC leads. See attached 
diagrams.) 

a. Cuts on component side (before insertion of components): 

1) F2: 9 -+ G2: 1 
2) L4:6 -+ B9:10 

b. Cuts on solder side (after soldering): 

c. 

1) 
2) 

Adds 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 

F2:9 
Al:6 

-+ C2:6 
-+ Al:9 

(after soldering): 

C2:6 -+ G2:1 
C2:5 -+ A2: 3 
A2:1 -+ F2:9 
E4:11 -+ A2: 2 
Al:6 -+ E6:5 
E6:6 -+ E6:9 
E6:8 -+ Al: 9 
L4:4 -+ B9:10 
Al0:9 -+ Al0:14 
Bl0:9 -+ Bl0:14 
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INTERFACE LEVEL CONVERTERS 

The Interface Level Converters change output and input 

voltage levels from the Pluribus MLR card (Pluribus Modem 

Interface) to various electrical protocols. The level converters 

are designed to be connected in parallel as part of the Pluribus 

philosophy of redundant abilities. 

This document is a detailed description of the operation of 

the ILC. 

OPERATION OF THE ILC 

The ILC receives two signals from the MLR card (TData and 

TLoop) and sends three signals to the MLR card (TClk, RData, and 

RClk). We shall examine the received signals first. 

TDATA- This signal is received on the ILC card by an 8T14 

line receiver integrated circuit. 

74123 retriggerable monostable 

for the card) and a 75452 dual 

circuit. The watchdog timer 

The output of the chip feeds a 

multivibrator (a watchdog timer 

peripheral driver integrated 

has a time period of about 0.3 

seconds during which it must be retriggered by arriving data or 

syn characters. If no characters arrive, it will shut off the 

outputs of the ILC. 

During the normal case, the data going into the 75452 is 

inverted on one channel, introducing a worst case 22 nanosecond 

skew- a negligible amount on a worst case data bit of 667 

nanoseconds at a transmission rate of 1.5 megabits per second. 
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Data then enters the discrete current driver section of the 

ILC. The current driver can be examined for a typical case by 

following data flow from one half of the 75452 with the card 

configured for the MIL-188-100 case. A positive signal at an 

input of the 75452 turns on its internal transistor causing the 

two resistors between the collector and +15 volts to become a 

voltage divider. The drop in voltage to +8.6 volts at the base 

of the 2N2905 transistor forces it on. This causes a 10 milliamp 

current through the emitter and places +9.3 volts at the base of 

the second 2N2905 and -8.6 volts at the base of the 2N2219 

transistor. Both of these transistors turn on, forcing a 50 

milliamp current through the 100 ohm load and establishing a 5 

volt potential across it. By removing transistors or using 

different values for resistors, several different electrical 

protocols can be generated. 

When the data entering the 75452 is a low signal, the first 

gate is turned off and the second half of the ILC is activated. 

This causes a reversal of current flow and the opposite potential 

to form at the load. 

TLOOP-This received signal goes through an identical circuit 

to TDATA except that it does not poke the watchdog timer. 

TCLK, RCLK, and RDATA- These signals are all sent to the MLR 

card from the ILC via 8T13 drivers. The 75107B receivers and the 

8T16 receivers can be configured to meet different protocols in 

conjunction with the optional termination resistors on the card. 
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OUTPUT CONNECTORS 

The output connector on the front panel of the ILC will vary 

according to different customer's needs. Currently documented 

are an ITT CANNON GK-12-32SL for NSA and a CINCH DB-25P for the 

RS-232 protocol. 

SINGLE ILC 

In the case of a nonredundant Pluribus system, a single ILC 

would be used for level conversion. All the termination 

resistors would then be mounted on the circuit card in the forked 

turrets provided. 

DOUBLE ILC 

Two ILC's 

accomplish this 

can be connected in parallel for redundancy. 

while maintaining the integrity of 

To 

the 

transmission line required two features. 

drivers were chosen to be current 

First, the differential 

drivers to present a 

high-impedance load on the transmission line when not active or 

powered down. 

Second, the driver and receiver terminating resistors were 

placed on a moveable resistor plug to force termination at the 

end of the transmission line. 

All differential signals passing through the Cannon plug are 

present on both ILC cards at all times. The choice of which ILC 

is active is handled by the Pluribus computer by which I/O 

interface is being used. 
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NOT£$ 
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DRAWN ORF •.1s TITLE I 

- - -- --- -=.1 SINGLE SYSTEM L4YOUT · 
\;HECK~ .k"'f .. ~,. -COOE IDEti1 l~(-;...G II:)--. -- Tlili:Yi 
ENG~ -'~1 '11 1 ___ _j __ ~~~-.&~ ~: 



COMPONENT SIDE 

C2 + 

-r=:r:--
~ --c=J-!- I 

0 Cl 

.~ .(J :c=i:; I •• ~:. -~ 
,- - - - - - ... ~ 01 ~ • 03 -c:;;:>- -c=::J.- 115 

~ I -aD-- ©:Q-c=:::>-&~C -c:=:J-- ~ I - _!L. I 02 C Ll 111 Ill 54 
I ~ --aE}-. -c:::r.... Q4 -c=J- 5 

I + TO I- OS ©; RIO 1111 cg' 1112 
--<IE>- ~ ~ & Q c .-c=:J-

-&--.- cu ~ Q6 ~ ~ ~U4 Q7 I I Q5 lt14 ~ }----, _ 54 
~~ 'z I I 08 ltll 1115 r-----,© .. ©•o• ~ ••• "" u• __ 

~ :%: c©Jo··:&: ·~.. ~ 75107• I 
I + TL I- 01 • ltH ue 

~ _; --;.rp-- ,rRI ~ .~. p 75107;-l 
.-(31}- Qll~ -c:=::t-~ Ql2 

~ ~ ltV 8 

'~1137 -c=::r--

~~ m H ~ H~l ~~ 
p 8Tl3 -J 

0 

Cl C4 
UJ 

I 8Tl4 1 
U5 

I 7404-1 

U7 

p am I 
U9 

UIO C5 
90100 1135 1136 

10 PLACES 

STRAIGHT 
TURRET 

66 4 1----lf.--------

~ 
~~ 
'(J 0 

COMPONENT VALUES 

Cl• 10 MFD 
CZ,4 1 5 1 6 • 2.2 MFO 
Cl• .t MFO 

Al, 4, 11,14 ,18, 20, 25, 27 • 6 I OA.- 114W 
RZ,10,15,22 • IOOA- llZW 
Rl,9 ,19,24" 270.n.- l/4W 

SEE NOTE 3 

NOTES 

C6 
79M0$AHC 

•22AWG WIRE 
JUMPERS (AS REQ'O) 

t •RESISTORS IHSIOE DOTTED LINES ARE NOT INSTAl..LEO 
OH DOUBLE INTERFACES S'YSTEMS (SEE 'ILc-aq) 

Z• PRESS HEAT SINKS ONTO Q1,2,1,s, 7,8,9, n 

3• SOLDER RESISTOR(R37-42) LEADS TO PC LINES AS SHOWN 

C-----··------
AEVISION 

~~-t.JI~~~L~,t!r"'~Po 

' PC CARO '-c:> lLC-13 

THIS CARD ASSY MOO 
FOR NSA SYSTEM 

CARDS ONLY, S/N1-25 

R5•90K.n. 1 
A6,21•110.n. 
R7,13,23,26• 5104 . 
Rl,12,16,17• 680.11. 
R29,30,32,33,35,36. 680A- 114 w 
R37,38,39,40,41,42. 4.7KA- l/4W 

-- ---- ---- -- ------------ -----.-- ----,silrl 
--::=-____ -===--= ------ ------ -····-· ________ _L __ _ ~--[_~J-;-~:; no,,~., c°''"'"" .SrSH'.~S DIVtSl.:>N -=-=-~-=' !,~j,~}jj ~~~~";,"~:'~:,:,"«~~·:~" '"' J Q1,2,7,8• 2N2219A 

Ql-6,9-12 • ZNZ90SA 

01- 8 • IN4003 

LC£ 010!~~1~ ~!-;~;;:~ro.•_;:~:Y·h ~ar~~~f :;~ff ~:~L:-: 
·~~~~~~~~iN-~t~;~~;1~-=~~!J~:J::~~~·-0 ~i!t~ \~; __ .1:R~ij 



COMPONENT SIDE 

. QZ Cl 

QI 0 ~ + UI 

.t[)'~ ·Y ~ I 7412-;_1 
TP Tp ~ C ~ -c=J---. 
_ _,..!!,.._ _ C 01 ~B Ql R4 ©. RS U2 

'fT - """QZ ~ D --c::::l--e E Q c -c::=:i-- ' 
•4 Da C · · RT Rlt 5 

s~+ ~ E ~ Q4 -c:::::::t- "'sz 
+ TD - OJ • ORIO Rll IU2 5j 

1~6. • --E}-... ~ ~ ?(Jc ...-c::J--
"q -c3J.-- C~f. ......c=..- l~Qf> U4 

C2 0 [ OC4 z 

[ C5 PA 
.~ .... ~ ..... 
I .::. -9 

U5 

QT I I QS "'4 8 Rt5 ~ ~ ~ 
. B .• 8. Q8 ~-c=J-..-9 ~ "' "" " © .. 0 . Q9 ~ ~fQ)c::::::J;;; Ill• . 1111 EU6 -~-l 1~1· ~ c~'Q11z~' n.' 751078 "~'° o--QEr-. ~ ~ M QIO 

"~",z -~ fYe ' ~ cg• c ua 

I 7404 1 
UT 

~ 8T13 I 
f"ORKEO 
TURRET 

COMPONENT VALUES 

Ct• 10"'11'0 
CZ,J,8, q • • I MFD 
C4,S,~,?• 2.2Ml'D 

A1,+,u,1+,1a,20,zs,c7,•5Zo.n.- 11+ w 
"z, 10,1s,zz. IOOA-llZ w 
R3,• 1 1ct,i!4"' 270.A.- 1/4 w 
RS •qi K.A.-1/4W 
R6,21•110.A.-1/4 w 
a7,IJ,ZJ,z-.. SIOA-114 w 
R8,ll,111> 11l• 6150.n.-l/4W 
A28,i!Cf • IOOA- 114w 
A30 • 3qoA- 1/2 W 
AJl,J4135,38, 3q, ... z • 6.Z KA -114 W 
R321 33,l6,57,•'f<>.41 • 3K.A.-1/4 w 
R4:S,4$,~,4e,4'l, 51•51.n.-114 w 
R44,47,50 • llO.A• ti+ w 

Q1,2,71 9 •i!N2ZlqA 
QJ·f.1 q-12 • i!NzqoSA 

01-e • IH400'5 
Oq • INS230 

U9 

AZ+ 08 c\\,. ))1 112• 
1 M QlZ I'! 7~1078 

-C3l--c> ,_ . :..Q -c::=_h... p em l 
TP UIO 

IJO I 8Tlf. 

••o 

Qtl 8 
TP 

Ull 

9 [~ 
IS 0 t•O 017 

TP 

0 ~ ~ 
O't IJlO 

NOTES 

I - PRESS HEAT SINKS ONTO Ql,2,),~,7,8 ,9,11 

~- R1!.llllO"IE R3,(o.,'l,1'1,Zt 1 24,43 1 44,4S,4!0,47,41!1, 
.... so,51 WHE .. CARD IS USED°" OOUBLE IrtTERFACE 
SYSTE"'IS, $1:£ SPECl~IC WORI< AE.QU£ST 

TP 

C6 CT 

~·~ 
ce C9 

bf 0 Tl tc=i' 

NEXTASSY USED ON 

APPLICATION 

I 

REVISION 
LTll I DESCR I DATE 
A I KL N•D (S.l."111 

PC CARr'I 
ILC-15 

ZPLAC:ES 

;JUMPER 
• 22 AWG (Al REQ"D) 

FOR PARTS LIST, SEE I LC-068 

PROTOCOL, MIL-188-100 ISIZE 

1==1 6 -il 
COMPUTER SYSTEMS DIVISION 
aot.T, BERANEK I NEWMAN INC. 
CAMBRIOGE, MASS. 02138 

DRAWN ORF 

1., __ 
TITLE INTERFACE LEVEL 

j-~- CONVERTER PC CARO ASSY 
CHECKED~ 

'O CODE IDENT,DWG NO. IREV 
ENG APPO .JAI ).,.~ I LC-10-B A 



COMPONENT SIDE 

0 
QZ Cl 

QI -~ ~ U1 

·©~ ·~ RI A2 I 7414?3 q 
TP 1P ~ C ~ .-c=:J-.... 
t~z ~ cg8

• Q

30 ~1©.c -C:t-
uz 

~ 
~ 

o: uo o:u.~·~ 2 .~. 
RZB II~ 

I a::. 1 116 • 02 C · · RT ' • R8 
.~ .. ~ l ~ . Q4-c=:::i--
+ TO - 05 8 RIO All (Q) Rl2 

.~. ..-EJ--... @· -c=:::r-.., 0 c -c::::r-

"" -Gr- c ~ ~ Q40 ~ ~ ~\J4 QT . ~ ~ QS R14 . 8 RIS ~4 9 
U!. 

. -c::t--~ sz 
8 . 8 . Q8 Rl8 

TP TP © 0 B -c:::r--. -c:=:r--- IU'J U6 U7 

1~. ~ c @· 09

0 
-C::r- •ZQ)· . :u ••• p 7s1o1s I ~ srnl 

7404 

1121 o• c '\J.. au au M 010 __ I 
.. ~IO o-·c:JE}-- -c::t- . 
+ ·u. • 01 e RZS • ue u9 

f'ORKEO 
TURRET 

·~" ~•IQ, · ~·lg~,. ~ 75101& I p am J 
Qll 8 

COMPONENT VALUES 

Cls IOMl'O 
C2,3 1 1!1 1<t·• .I MFO 
c+.s,f>, 7 • 2.z 111Fo 
A1,4,11,14, 18,20,2s,27• 620A-\/4W 
Aa, 10,1s,zz ... 100.n.-11zw 
As,q,1q 1 24 •270A.-114W 
A'S• •U IC.A-1/4W 
R61 21 1 41,44,45 • tl0.A.-1/4W 
RT,13 1 25 1 26 • '510A-1/4W 
R&,12 1 1'. 1 17 • 680.n.-l/4W 
Aze,zq. 100.n.- 114 w 
R30 • 3qo4-1/2 W 
R~l1 1341 'SS,!8 1'Sq 1 42 • 4.71C.JL-l/4W 
A32 13!t,3f. 1"571 401 41 • 820A.-1/4W 

QI, 2, 7 1 8 • 21'fZZl<tA 
Q3-'i.,q-12 • Z"fZ"tOSA 

01 - 8 • 1H4003 
Oq • IN5Z30 

TP UIO 

IJO I 8TI~ 140 

1P 
Ull 

q ~-g TP 

l!o 0 ~o 017 

C6 CT 

~·~ j-1 
TP 

170 JOO 5'10 400 410 4l0 410 440 ~O 

~ 
D'i 
~ b' 0 td 

C8 C9 
0-

A>o 

NOTES 

I - PA£SS HEAT SINKS ONTO Ql,2,3,~ 1 7,8 ,9,11 

2- REMOVE R3,6,9,t9,21,24,43, 44,45 WHEN CARO IS USED ON 
DOUBLE INTERFACE SYSTEMS, SEE SPECIFIC WORK REQUEST 

NEXTASSY USED ON 

APPLICATION 

7Z 

REVISION 
LTR I DESCR I DATE 
A IRU PRoD IS.II.it 

PC CARO 
ILC-15 

FOR PARTS LIST, SEE I LC-06C 

PROTOCOL, MIL-188-114 / RS-422 lSIZE 

IEO:i - - COMPUTER SYSTEMS DIVISION 
E li!iif~l BOLT. BERANEK I NEWMAN INC. 

CAMBRIDGE, MASS 021311 

DRAWN OAF 1.ICl,. TITLE INTER FACE LEVEL 

CHECKED .r4\ ~ CONVERTER PC CARO ASSY 

•
7
5 COOE IDENT.:5.:0WG NO. ~ 

EHGAPPO 4-r 1"1·~ l L_~-10-C A 



COMPONENT SIDE 

Cl 
UI Qt 0 ©)~: • . . ~ ··-

.. .. ·© q ~.-0-. G· ... 1 
•~a ~ ~a Q:SQ ~'©.c ~ ~uz 116 OZ C ~ A7 R8 5

4 :a~·~ t ~ Q4---c:::::t--- s
2 + TD • OS @9 RIO Rll ~ RIZ 

I o--c::=::>--o· --El-- D ~ 0 c --c:=:>-

oc.~.~~Q.~ 
I 8~•4 9 

U$ 

Q7 I IE QS R14 8 lt15 ~ 
. -c:::t-~ ~ -

8 . 8 . 08 Rll 

7404 9 
U7 

f"ORKED 
TURRET 

"" -c3i-- c ~ l · · Q~ ~ ~ U4 

,. •~,. © .. © •oo ~--=;;-;, ·~ '" u• __ 

"~• ~ ©2: 110-c::-l-,©)c FSl07~ llil 06 C " · llU AU . . . 
.. ~IO e>--fJEJ-- .....c:::J-.... · QIO 

ll~LIZ - --r£!J-- ©e. ~ cg· 
1124 Oft C . llZ• I. C 

~ '-.' ~ Ql2 

v· 8Tl3 
1 

ue 119 

f 751078 I ~ 8113 l 

COMPONENT VALUES 

Cl a IOMFD 
CZ,'J,9,<t a .1 MFO 
C4 1S,61 7 • Z.2MFO 

Rl,4,11,14,18 1Z0,25,27 • 620J\.-114W 
RZ,ID, IS,22 • 3qOA-1/Z W 
R'S,«!, 1q, 24- • 270.1\.-1/4-W 
AS• q1 k.A.-1/4W 
RE>,21,43,44,45• llO.A.-1/ ... W 
R71 13 1 Z3126 • :SIO.n.-1/4W 
R& 112 1 1f.,17 • 680.n.-1/4W 
R281 2q • IOO.A.-1/4W 
R:So•:sqo.n.-llZW 
R:St,3+,:ss,:se,'J,,"t2. s.' l<A• 1/4-W 
R'!Z,JJ,36 1371101 41•2104-1/4 W 

~1,2,71 8•1tH221q" 
•1-6,q-u~· 2Hzqos.t. 

01" 8 • IH4003 
Oq• INSZ'JO 

TP 

ISO 

140 

011 a 
TP 

UIO Ull 

~& ~[~ 
IS. 0 lftO 017 

TP 

'S70 JeO 5,0 400 4\0 <t,!O 4]0 •HO 4'l>O 

0 ~ 
0'1 
~ 

~ 
I - PRESS HEAT SINKS ONTO Ql,2,3,~,7,8 ,9,11 

l- REll\Ollll Rl,tO.,q, 1q 1 21 124 1 43 1 44,45 WMf;H CARO 
IS USl!:O Ort OOUBLt'. INTERFACE. SYS.Tli:M, 
S£1E SPl!Cl~IC \olORK RE(ilUEST 

ltJO 

TP 

C6 CT 

~·~ 
lt:::l' 

C6 C9 

Q n tc::::i5 

NEXTASSY USEDOlt 

APPLICATION 

I 

REVISION 

LTll I DESCR I DATE I APPD 
A llU. PllOD ..... ,. 

PC CARD 
ILC·IS 

:l'UMP£R 
e ZZ ltWG ("'IS RECil'O) 

FOR PARTS LIST, SEE I LC· 060 

PROTOCOL ,WE'306 or V-35 i~ZE 

l:J•lef COMPUTER SYSTEMS DIVISION 
BOLT. BERANEK & NEWMAN IHC. 
CAMBRIOGE, MASS. 02134 

DRAWN D~F ~~ TITLE INTER FACE LEVEL 

CHECKED JA, 31 CONVERTER PC CARO ASSY 

'1' ·it. COOE ID£NT:JDWG NO. ~ 
fNGAPPD .JJ..-r IJ-.,_"h 1 LC-10-0 A 



TP 

1 O' 

s C> 

Tl' 

1 C> 

110 

COMPONENT VALUES 

C1 • IOMFO 
cz,s,e,q • ·' M,.o 
C4,5,6, 7. e.a MFD 

R1,4,11,1•,1e,201 2s,27 •620.A.-ll+ w 
AZ,10,as,22. E.ZO.A.-112 w 
RS• qu<.A.- 1/4W 
•n, 1:s,D,26•;no.n.-11+w 
R0112 1 16 1 17• l.2K.n.-114W 
R28,2"t • 100.11..-1/+w 
R:SO •3qo.n.-1/Z W 

caz,e - aNzztqA 
Q4,S,61 I0,'1,12 • 2N2"105A 

01.-s,s,7• 1N40os 
oq • IN5230 

10 
+ 

10 

• 

TP 

ISO 

l+O 

COMPONENT SIDE 

Cl [ .. o O:ff4 . 
~2 

0 _. ·O ~ ~-q 
0 c -c::::N ~ ~ TP 

0& ~ o -c:::=>- I n C -c:::::r-.e 01 R4 ©. AS 

oo ATM Ae 

"fO !". o:s • ~ OA1~ OQ4~ 
uz 

~ 
L31 

• .c=J. •••• ~ Q~ 
I .::4 1 y 

06 -EJ-.... D -c=k. D c -c::::::r-
.. e C I: ~I G4i ~ ~ V4 ~-

o l Gs ~ a R11 . j7s4s~ I 7404 1 
o •~Ga •ue ~ z 

o ~ -r=:J-- -c:::=r--- 1117 
U6 UT 

O .. ~ C: O O O oU~ I~~~: RI• p 751078 t ~ 8Tl3 ---, 

- 07 • AZS • ua U9 

~ .(g. Z:·©~.. p ,.,018 I p •m I 
Qll 8 

TP 

1)8 

lL 
OtZ 

1P 
UIO Ull 

I 8TIQ 9 ~-] TP 
•O 1'10 OlO zio· OH 210 

IS 0 017 ze ~:soo s1~z no l•~~ 540 +c-+i:t++A-
0 c. 

"J7 Je 31 40 41 i.? 4J 44 ~ 

CT 

~n 
1'-0 

C6 

~· 
0 

TP 

0 ~ 
O't 

'CJ 
R:Jo 

ld lc:::>5 
. cg ce 

NOTES 

1- PRIESS HEAT SINKS ONTO QZ,5,8 ,II 

NEXTASSY USED ON 

APPllCATIDN 

aEvtSION 

LTit I DESCll I DATE I APPD 
A 11:£L lllloo s.11.19 

PC CARD 
ILC-" 

FOR PARTS LIST, SEE I LC·06E 

PROTOCOL, RS- 232C lSIZE 

l=ls ~· 
COMPUTER SYSTEMS DIVISION 
aot.T, 8ERANfK & NEWMAN INC. 
CAMBRIDGE, MASS. 02138 

DRAWN DRF J.l(t?I TITLE INTERFACE LEVEL 
CONVERlER PC CARO ASSY CHECKED -1.\-r 1-t19 

COOE IDENT_jOWG NO. IREV 
ENGAPPO J"' ll-1.75 1 LC-tO·E A 



'0AKED 
TURRET 

COMPONENT VALUES 

Cl. tO"IFD 
C2 111,l,q• .1Ml'O 
C4,s,s, 7 • a.a MFD 
A1,1q,ze,2q. IOO.A.-l/4W 
RS •qt KA - 114 W 

Ae 1 1a 1 16,11•sao.n.-11+w 
Ato,22 • 100.A.-t/ZW 

0Att,as. 620A-11+W 
llU:S,14,ZC0,27• SIOA-l/4W 
RJO w 1qo4-11z w 
A:Sl 1J2,:U• llO.l\.-tl4W 

~S,&, ti 1 12 • 2N 2"IOSA 

01117• IN40o3 
Qqa 1NSZIO 

TP AS TP 

·~it 
~o 
+ TO 

10 -o• 

TP TP 

"'" .,~. 

4'0 
+ TL 

"°' 0 ll 

'COMPONENT SIDE 

0 Cl 

• Ut CZ 0 [ OC4 2 

[ C$ ~~ 
·~· ... ~~ ... 

~ r- 74tZ3 q • 
•• • .. ~ o· . -Cr-. • • e • Al 

O+ • • • • • -c::J-
• OS @RtOllll 

0 
~IZ 

...-IJE}-... D ~ D c -c=r-. 
• c ~ ..... ' . Q6 ~ ~ QS IU4 B 

• -c::::i-.. • 
llZ7 

e -~ Rl7 

1116 
• . . . Q . • • 1111 

'OIO • • a • • 
O'f l!I llZS 

--<I::-- . -c-_r... c ,A llil• 1~· 
• ~l -c:::::t-~ Q1Z 

Gn • 
Tp 

U2 

~ 
~ I am 9 

V4 

~ 
~ 

';'S 

7404 

U6 U7 

9 
p 75107ts I f 8T13 -, 

ua us 

p 751078 I f 01·~-1 

TP UIO Utl :> I 8Tl6 q I 8116 1 •.O 1'10 oro ZIO OH itlO 

1!>~17 

TP 

0 ~ 
°" 

~ 
I - PAE SS HEAT SINKS ONTO Q5 1 11 

I• REMbVE AS, l't WHll:.H CARD I\\ USED OH 
OOUBL.E INTUtf~CE 5YST£HIS 
Sl!li SPl!Clf"IC WORK R.£QUEST 

~ 
1110 

TP 

C6 CT 

~·~ 
7Z 

b' 0 tc::>3 
ca cg 

NEXTASSY USED ON 

APPLICATION 

I 

REVISION 

LTit I DESCR I DATE I APPD 
A 2E.L. FlllOD S.1. 1a 

•· 

PC CARD 
ILC•tS 

17 Pl.ACE$ 

:JUMPER 
• 22 AWG (AS REQ'O) 

FOR PARTS LIST, SEE I LC· 06F 

PROTOCOL, BELL - 303 
JSIZE 

l=l=Esl COMPUTER SYSTEMS DIVISION 
BOLT, BERANEK I NEWMAN INC. 
CAMBRIDGE, MASS 02138 

DRAWN ORF 3
·iq

11 
TITLE INTER FACE LEVEL 

CHECKEDt.i~ f4l.. CONVERTER PC CARO ASSY 
T~ CODE IDENT-,OWG NO. ~ 

ENGAPPD""'~, 14-1.J..jj ILC-10-F A 



. p l'ROl'tT PAN£\. I 1LC•1Z·2 

..-----__;;--, 

2 PL.ACl.5 

(0•32><3/8 PHMMS 

•·3?. HEll HUT 

~ 

1 -l•) DENOTES SUPPl..IEO -..1TM VECTOR· PAI' 
. CARD MODULE (CM4S·CDS·2) 

® 
(32) 

UU 

PANEi. MTG Pi..UG 

4 6·3Z ll 1/Z PHM5 

4 6·3?. HEX HUT 

(TYP) VflRIN~ DIAGRAM 

'TW·Pll~ 

;rz TP 

@ 

9WllT - + 
! : c BA>I o '° TC:(. TllAK~CLK) 

WllT 'JO H 

II: t2 ~llY 0 '° AD(RECDATA) 
IO ORN 'SJ JI 

! : tJ WMT 0 \i RC ( Rt:CCL.K) 
..,.... 'K 14 

, 4 : t2 wHT 0 \i Ta. ( TRAMSL.OOP) , ~ 4 

CO"'POM&NT $10£ 

.. • • • • • • IJ 

ze • • • • • • • • • l~ 
+TC• + "O • +" • 

4~AC:Ui 

6·1Z ll 3/4 PHM5 

6•32 HEX HUT 

@ 

• w lllET"L./Tll!:l'L.OM WASHER 

REVISION · 

oiic• l ~ETA•~ 
REL. PllOO S.17. :;;f 
ECH ou+ 11.ZJ.18 

!~SOD<~T£ 

9 "'"' ! : c GollH 0 \i TO( TRAHSOATA) 
11..k ... J 

-- . --------------·--- -------1 .. iZEl 
-- ----1 INTERFACE LEVEL CONVERTER ,size:: 

~ . 
"'O 6 II 

(Ill.\. WtRE •JoA"'ti.} 
{ I.Go A511.l.Q'O J -----~- _- -~ ;,~iJ~~~j~f 0~~,~~:,~~~;=:~::~ 

~ -·:--~--- -·~t ILC CA~P/MODULE ASSY ~~~~~ u~~l)N -· c~~~-~~~ s~~~:cooEJOCNTl~.:,c~ ... G-.tlo~---~--lREV~ 
--- APPL.!£~.!..~~-- EHGAPP'1_:'4f _ 'a&11 ____ L_!_L~-~·~-~-~-'-~ 



Z PLACIES 

6-3Z•3/8 
FIL HM.S 

C-32 HEJC.NIJ'T 

@ 

HOT ES ----

(JZ) 

& -:: .. .. .. 
ii .. :: :· 

1- 1l 1.NOICATES SUPPL.IED WITH VECTOR-PAK 
CARO MOOULE ( CM•S-65•2) 

IS.78 

rLJ YRONT PANEL. I XLC-1Z-I 

--

0 
COMPoHEHT SIDE 

SIDE PLATE 

0 

0 

000000000 

000000000 

w----------· - -----------' 
@ 

~ +PL.AC£$ 

SPACER 

G0·32• 3/6 PHMS 

MALE C0 .. 1'1 fa•32 HE>C. liUT J:LC CARO AS$Y · 

2 4·10• l/4PHMS 

Z 4·40 HEX Ill.IT . 

4PLACES ~ 
• 6 METAL/ lEFLON WASHER Z LC - 10 

PLUG WIRlt.iG. DIA .. AAM 

~ !!' 
I 1 (G.HD) 

Z 1 (TAAH50A'TA+} 

:S 31 (R£C D"-TA+) 

7 II (G.NO) 

15 H ( TIVINSCL.IC.+) 

17 J+ (RECCL.K+) 

l:J:Jil 

JllZE 
COMPUTER SYSTEMS DIVISION 
80LT, llERANfK I NEWMAN INC. 
CAMBRIDGE, MASS. 02131 

TITLE 
1------+------t DRAWN lLC CARO E MODULE ASSY 

NEXT ASSY USED ON CHECKED 
1 

T 167 ~ CODE IDENT REV 

APPLICATION l',a,~ A. 

I 



SCALE a 1: 1 

R£1'0HL"t 
Z PLACES 

.qzs 

1.850 

REI' OtlLY 

1.0CKSCREW 

-.+so 

•. aa1 r1 ' 'o' 

I 
-0-

1 

• 125 DIA 'THRU 
a PL-.C&S 

• 1&7 DIA THRU 
2 PLACES 

I @ I R£FOHLY 
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1- TME CARO/MOOULC A~SY SHOWN IS O .. LY A PICTORIAL. 
AllPRliSEttTA'TION (NOTE: CONtl JACK MA'( VARY IH STYL.£). 
ANO ENTIRE ENCLOSURE ASST MAY CONSIST OF FROM 
1 TO 8 CARO MODULE A'SSEMll!ILIES. 

2 - MOUNT 8 CARO EDGE CONNECTORS AS P'OLLOWS; 
(A) l.OOSaN STRUT AOl' NUTS'81 ( ALIG.N EDGE C:ONH IEOGES 

WITMUPPER( LOWER AO:r STRUTS (A:, SliOWN;. 
(I) LOCATE EACH EDGE CONN'S LOCATION, BY INSERTING A 

12.LAC"'-BLll 
11113 164A 5CONO 

S RIHC9W(i 

5 TEAM LUG ( 104'7 

(SH NOTES) 

CARO MODULE ASSY, SPACED ECfUAl.l.Y IN 8 PL.ACES. 
(C) 6UO£ ~,1Q HUTS (PRE-f'IOUNTEO IN ADJ' STRUTS) 'lt>ALIGN WITH 

EDGE CONN'S MTG HOLES (2),ZNSERT ~SECURE 4-10 SCREWS. 
(D) TIGHT"EH ALL. ( 8) STRUT A0:1USTMENT ttUTS 

;J- AEMOIE APPll I/it INCH OF THE PLA'S'TIC C:OVER FP.OM EACH BUS 
l!IAR (AT TEAM BARRIE" ENO OP' ENCLOSURE) AS SHOW"!, SNAP BUS 
8AR5 ON EDGE CONtt£CTORS AS SHOWN ON FXG. R·R.CO'l/ER PINS 
SHOWN OH EACH COHN EOGE(l!I) wntt TUBIHG <HEAT SHRINI< ON 
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~Ge I"terf 1ee 
Loo•e De1er4ction 

KGB Interface 
Loofe De1criPtion 

Revt1ed Ma~c~ 21, 1q7a by A, ~eke 

The KGB card a11ow1 the eon"ection of the Black side of • Se~fea 

31 Key Ge"erator lKG) to • Pr~vete Lfne Interf•e• CPLJ) 1 U"d•~•ta"di"; 

of this 1oQfe descr4ctfon re~uf res a knowledge of the KGR e"d KG6 

data 1heet1 o" the 

COM•2&01 USRT inteoreted Reeef ver 1111 

fao~•tor, 

reQufred, but fe~flferitY wit~ ft (through the PL! Mafntenance Gufde) 

wf11 be useful. Figure 1 ii a block dfaorem of t"e KGA 109fc1 s~owing 

t~e interface regf 1ter1 and contro1 1truetu,e, 

MISC CONTROL 8 RED•TOwBLACK RECf IVER 

eontrol 1iona11, and the Red•to•81ack word data receive~•• T~e 7414 

Sehmitt•trigoers •" the uc~er r4ght eor"er are uaed to buffe, t~e 

t"comfno R•B data oath whfeh orfgf natea o" KGR•20 a"d oa11ea th~eugh 

feed•th,u eapacito,1 f" t~e PLI bu1kheaa, The eight d•t• b4ta CR8W0•7, 

Red•to•B1ackwBuswReset sfgna1 CRBBR+) 4• ease~ted by the Red PLI to 

The sf gnal oa1se1 
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KGB Inter-face 
Log•c Descr~ption 

from t~e 7414 to dual 7~38 bvfter gates f n the upper center of the 

drew4ng, w~•c~ then d~;ve the Inf•bus PSTAT 14ne, assert4on o1 wn~c~ 

causes a bus reset and ~ower restore •nterruPt of t~e B'ack PLI 1 

·Jn t~e VPPer 1eft, t~e diacontinous Infibus s4one1s a~e car~••d 

from one s;de of tne I~fibus connector to t~e ot~e~, 4"c1ud4no t~• 

precedence pu1se PCOAB+, 

aetive1v 4n the KGB card are the: Strobe, Done Pulse, Master Reset, 

and Rite s1gnals, These ere interfaced ;n the BDR 01, T~e status of 

the Rite s4Qna1 dur4~q a part~cula~ me~ory reference 

il~P·~lo~ w~ose outPuts are RITE+ and RITE•• 

KGB•211 ADDRESS DECODING 

;s tield .,, a 

0~8winq 21 shows t~e 1nterface address decod~ng for thf s card, 

T~e loQ~e is straig~tforward and convent4ona1, At the 1eft are 5 BORa 

providiMg a direct ~~terface to the INFIBUS, T~e~r •~~uts are unused 

Cleft f1oat4ng but gatP.d off bv grou~d;ng the st~obes), and t"ef ~ 

outputs are used as oa~t of t~e address se1eet~oM logic, The sw•te~es 

on the card are used to se1ect the add~ess to be recogn;zed bv a" 

~ndiv~dua1 card, To t~e r4Qht o~ center 4s a 13•iMout A~O.gate, whose 

outPUt ADCOM8 ind~eates t~at the address spec~fied oM the bus ~atches 

tMe switch setti"gs o~ the card, 

ungated~ and b4ts 4~11 as selected by sw4tches shown at t~e botto~ of 

t~e draw4nq, Also 4neluded ~s AH03•, as t~e KGB dev•ce registers only 

occuPv t~e 1owe~ 8 bytes of t~P lb byte address space spectf4ed by AB04 

Sheet 4 of 17 

Ill 



/ KGB lnte~f aee 
Log4c Deserfption 

The 7U8& and 7Ut3& bugs are exc1usfve~OR c~~cuits used for address 

comcer~so~. Note 1 OA t~e draw4no 4ndfcates tnat a sw4tch closure i1 

used to spec4fv ~ecognftion of a 1 4n the correspond4na address bit, 

lt does t"is by a,ound4ng the 1 input of t~e e•c1us~ve•or c4reu4t 

assoc~ated wit~ 4t 1 

sw~tch ~"the 1eftmost aw~tch o4 A3, a Positive gate output A8511+ wi11 

occur when the second gate inout A011+ 4s hig~, Thfs will occur whe" 

the assoc;ated BDR input is 1ow, 4ndfcat4ng asse~tfo~ of AB11B• on tne 

INFlBUS. T~e outout of the 10 gates 4n C3, B?, and BJ fs a w4red•AND 

conf4auration go4ng ~·g~ only when bits 4•13 co~pa~e eor~eet1V 1 

At the botto~ of the drawing, an add~t~onal de~skewing gate ia 

used to delav t~e strobe pulse STRB+ by a" a~ount ea~4valent to t~• 

delav ;n the individual data b•ts bP.fore tr4gge,4ng the f1N:>•flop whose 

outPUt 4s ME+, A gate ~s a1so prov4ded to 4n~4b4t ADSTR+ f~om eloekin; 

the i1~p•f1op 4f the bus HOLD s;gnel is pPesent, Note t~at unt41 the 

add~ess selection cvc1e ;s started, the STRB+ pu1se kee~s the f14p•floo 

•n the "1" state, MF+ is a svnchron4ied address se1eetion sfgnal used 

for &11 subsequent add~Ass dependent fvMct4ons, Fo11owing t~is 

DONE Pulse. 

ORSTR+ ~s used to st,ohe t~e data BORs du,i~g a ~ead operat4o~, 

In tne UPPer rfg~t cor~er of t~e dPaw4ng ;s a" oeta1 decode~, 

inputs are t~e RITE siQ~al, end t~e low o~der Address b4ts 1 and 2 1 a11 

strobed bv MEPlS+. 
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KGB Inte,fece 
Loa4c Oe1eri~tfon 

KGBe221 DATA BDRt1 •"d MUX 

i"terfece with the data ~ortfo" of the INFIBUS 1 The 4 BDRa •re 1how" 

et the ~foht of the d,ewf"g' thef r non•bus outputs f" •11 ea••• oo to 

IYnchronire the data 4nfo~mation w4th the IN,IBUS readf"g cvc1e 1 T~• 

f1iP•f1opa them1e1ve1 ere eont•fned on t~~•• cireu4ts "eer the top 

cent•~ of the d,awfng, I" a11 t~~ee ee1e1 the at~ob• u1ed to 1ateh the 

data f 1 the d•t••r•ad strobe ORSTR+, Note t~at thf s 4• t~e ••~e 1fo"•1 

uaed to strobe the BORs th•~•e1ve1, Of .. 

the sioM•1s on the INFIBUS et the beginnf"O of the evc1e, but t~e 151 

n• duret4on of ORSTR+ i• 1uffiei•"t to ensure 1tab41ization of outout1 

by the ti~• DONE ts assented, whe" the 1fon111 are u•ed o" t~e bu1 1 

eaeh buo1 and the data bits to be decoded a~e b~ought fn at the 1eft 1 

The KGB Functiona1 Spee~f4cat~on's bit eas4g"~•"t eha,t wf 11 be of 

eo"aid•r•ble help i" u"derat•"df"Q the orfg4" of the•e 14o"e11, 

KGB•23 1 OPT ISO~ATORS end KG CONTROL 

ootica1 tsolators i• shown O" KGB•iJ •"d ~GR•23 1 Sto~f~g • wo,d into 

the B•R word ~eau1ta 4n a11ertfo" of WBR w~4e~ wi11 1et t~o BR Buffe~ 

Fu11 flo~. F1ow eo"t~o1 ove~ t~e B•R Peth fs eccomp1fs~ed by t~e 
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KGB J"terfece 
Loa4c D••CP.ptfo" 

,eeefv•d bv the Red p~oa~•m the B2RWE 14"• wf11 be a11ert•d1 o1ear4"a 

the BR Bu~fer Fu11 flop, 

The 8•R wo~d w~4tten 41 held fn a 12 bf t buffer whose outPut1 

dr4ve 7405 •nverte~• wh4ch, in turn, drive the 4101etor •~out d4ode1, 

The lJ0 o~~ pu11•uP re141to~1 Prov4de tSmA of eur~•"t whteh fa sw4tehed 

•"to the 4101etor dfodea or 1fnked by t~• 74051 1 The output voltage 

~411 therefore be only 0 1 8 volt• maw, At t~e f101etor cutputa 1 'fie 

•~d •• ,, t•m•a c4101eto~• produce 1ogfea1 fnve,14on) wf 11 be about 80• 

•"d 15•mfero1econd1 re1oectfve1v 1 

At the same tfme the date bfts change, the BR•Buffer•Fu11 afgna1 

41 ;ene,eted and t~ansmf tted over cpt4ea1 f aolator Path #15, t" the 

~GR card t~4s a4ona1 fa ff 1te~ed and used to deskew end strobe the 

path #11 fa fndeoende"t of t~e 1t•tu1 of A,aek'• B•R word, eo"''o11ed 

f~1tead by 8 f14~•f1o~ (bottom ce"te~ Of •23) whfe~ 41 set bV SCt0 and 

e1eered bY SC11 1 Two b4t1 e~e u1ed for ftl eo"t,ol IO that t~e p,og,em 

eou1d c~an~e othe~ control fu"et4o"' w4theut affect~ng th4s f14P•f1op, 

This 1•"• 4• used o" the KGR card tc oete on the T~a"sm4tte~ Gated 

Clock CTGCK), end is mo"ito~ed on t~e KGB ce~d v4a SC10 1 

PWTST. An 4nverter 4• p~ovided on the outDut of the 74114 buffe~ to 

a11ow the DBRS cable to be df1eonneeted wfthout ceua4"g eo"ata"t 

e11e,tfon of 1501~, 
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t<GB Interf a~e 
log4c Oeser4pt4on 

tOMveved to t~e KGB as status b4ts SC0& aMd SC07, eMd passed t~~oug~ 

4so1ators 12 and 13 to t"e KGR ca,d, inrle~e"deMt of Slack p,ogram 

act4vitv, 

The MIAR s4gna1 (see KG specs) f s a relay e1osure to ground 

produced by a 7mS oAeshot tr;gge~ed by SC b;t 01, 

suffic;ent to meet KG reQuiremeMts, and the state of the oMeshot ~ay b8 

sensed as SC bit 01. 

F~GA cable even thoug~ it bvPasses t~e KGB card, Bot~ TPREP and KMIAR 

will snow dfstort1on and 1ousy edge speeds due to tMe effeets of the 

KG~s TEMPfST f~1ters, 

f<GB~241 USRT Receiver 

The norma1 seq~ence of events contro11~nQ thfs portion cf the 

sto~ed a Receive~svnc character '" t~e USRT, 

A ra~dom ser4a1 

data strea~ w~11 arr~ve on t~e ~TOO 1~Me from the KG and w411 appea~ 

at p•" 22 of the USRT since t~e program hes not spec;f;ed loootest 

(LOOP neQated), W~e~ aporoPriate to get ~"message svMe (a~a1ooous to 

Sheet 8 of 17 



KGB I"te~f 1ee 
Loo•c Oe1erfptfon 

f4P•• a o"eahot that provtde1 the Pulse re~ui,ed bv the USRT, Th4• 

p1ece1 the USRT 4"to "SYN•aearch" mode, e"d the USRT 1ca"1 t~t lt,411 

d•t• 

Whe" a SYN 41 reee4ved, p4" 17 4• ~•~•ed C~Dt4) priming the 1SVN 

f14Pf1op Just before 111ertio" of t~e I"Put Oeta Ava41eb1e ClDA) 140"11 

fPom t~• USRT ~•n 2b 1 Two or more adJaee"t SYNs are ~•Qu4red fo~ v•14d 

me111ae av"e' 10 4f the second bvte received 41 not SVN the fou~ 4"Dut1 

of the NOISE ;ate (bottom ce"ter) are high and t~e !RESP o"••het 41 

pulsed ao•f"' ~ei"it1a1iz4"Q SVN•seereh, The 3lpf eapeeito~ 1t,ete~e1 

the NOISE s4gna1 e"ouon to oreve"t • ru"t pulse on the one•hot 4"Put 1 

If the bvte fo11owi"g t~e SVN ia a aeeo~d SYN the ZSVN f14pf1op 

w411 be set bv the fo11owi"g IDA pu1ae, and o"e 4"out of the NSYN•aate 

w411 be asserted, This state will re~•f" fo~ •• 1o"g •• •dd•t4on11 

SYN1 a~e reee4ved, However, w~e" the ff rat no"•SVN is ,ece4ved NSYN 41 

••••~t•d a"d the DATA f14pf1op i• set, eone1ud4ng t~e SYN•1ea,e~ mode, 

The fou' •• "out NOISE Qete f 1 dieab1ed 10 t~•t fu~ther SYN• f" t~e dat• 

CIIR 11Qn•11), the P~esentat•on of • new byte •t the USRT outPwt• ClDA 

111erted) w411 trfgQe~ t~e 400nS oneahot, T~i• ~,oduee1 Input Data 

Ava41ab1e Reset (IOAR) whfch 1t~obe1 the date f~om the USRT to the 'l'O 

USRT ~•kea t~e ROA oulse 1ast about 100 nS 4n w~at would othe~w4te be • 
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KGB Inte,.face 
Loate De1er•ption 

In the event t~•t the FIFO memorv ie fu11, IFIR at the o"e1hot 

'"put wf 11 be neo•ted, and no IOAR wf11 be ;e"•~•t•d bv the !DA a•on•1 

whteh now w411 remetn ••••rted 1 It wf 11, howeve,, trfgoer the ICKON 

f14of1op in the upce,. left eo~~er of •24, and thfa w411 gete off t~e 

input eloek couAter, ha1tino clock Pu11e1 to bot~ the KG •"d the USRT 

receiver, T~t• •~tuation wf 11 ~emafn unt~1 the FIFO eea1e1 to be .fu11 1 

et w~4ch time the IOAR oneshot wf 11 fi~• and the 4ncut eloek wf 11 ega4" 

be turned on CICKON), Note t~et orfor to data mode, 1tnee the FIFO• 

w•11 ~ave been cleared bv !RESP, an IDAR wf11 e1awava follow IDA and 

keeo the clock oof ng even though no bvtea be at robed t ..... 

FtFOs~ 

to e•ereise fu,.ther control ove,. the clock, but aa t~e Funettona1 Soeca 

1tate, u s~ould o"1y tu,.n the clock ·off wt-tile ft ia a1readv off, due 

to ita aav"e~ro"oua "eture, 

w"e" t~e FIFO i"Put bvte percolates to tne FIFO outPut1, t~e 

Tflla"1"'4tte,. FIFO OutJ'Ut•Readv CTFOR) sfg,,e1 is e11eftted 1 Hda 41 

1v"c~,.onf 1ed wft~ t~e Inf4bu• STRB 1fgna1 •"d pre1ent1 e D•t• Ready 

atg"al to t~e prog,.em as bf t 15 of the Read Data wo~d, T~e p~ogrem 

w~11 oer~odica11v ~ead the data word and fg"o~e ~t Ul'\1e11 ft 41 

neoatfve Cbft ts fs 1et) 1 ~~e" ft does ~e•d a "egatfve date word, the 

·comb;,,atio" of DAS15 and ROAT produce• TSO which c'••r• bot~ the Data 

Readv flipflop a"d the outout ~•"k of t~e FIF01, 

At t~e left ee"t•~ of the drawtno, the 74158 deeode~ p,.ovf del the 
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/ KGB lnterfece 
Logic Descrtpt;o" 

o,~g4~atiMg OM KGBw25, eauses t~e USRT clock siqMe1 lCP to be der4ved 

f~om the outPut c1ock OCLK rathe~ tha~ t~e ~orma1 ICLK s~;Me1, 

s•m41•r1y, the ser4a1 data •nto the USRT is de~~ved f~om 4ts own se~1•1 

outoYt data OTSO rat~er than t"e KG's TreMsm4t•Oata•Out fKTOO) s4gMa1 1 

Provisio~ ;s made on KGB•25 for the test c1ock to be gated off i~ 

1ooPback by e4the~ t~e iull state of the ~~Put FlFOs or t~e empty state 

of the output FIFOs, T~e USRT is t~us Prevented from automatically 

OrawinQ 25 skows tne s~r4a1 output poPt4o~ of t~e KGB, wh4e~ 

4nte~faces t~e Alack side of t~e KG Receiver, The MlL•186 d~ive,1 

ynterm;nated, wou1d bet or• b vo1ts, but Proper term;Matio~ at the KG 

off dur1Mg LOOP test, 

Bits 0.q of t~e Data Bus are buffe~ed 4M t~e t~ree FIFO me~ory 

asserts SC15 siqn;fy~ng t~at the Transm4tter Bvffer 4s EmDty, T~e 

~roqra~, sens1ng t~ts StatuslCoMtrol bit, ca~ sto~e a ~ew deta bvte 

T~e ~~ite data s4Qnal WDAT w411 s~4ft the data bus bi~s 4Mto the 

flFOs, d~opp•ng t~e t~Ptv s~gna1 unt41 the ~•~st raMk ts em~tv aoa~n, 

COutPut FIFO OutP~t Readv) w;11 f4~e the 400 nS oneshot 4f t~e USRT'1 
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~GB l"te,.face 
Log4c Desc~iption 

Tra~smitter Buffer Emptv COBMT) s4gne1 ts h4gh, o~ wa4t for it to go 

(F2UST) tra~sfe~s t~e FIFO bvte i~to t~e USRT 1 As out14ned in t~e 

Funct~ona1 Spece, if b~ts 8 or 9 a~e set, the rema~n4ng 8 bits a~t 

tra~sfel"~ed to the SYN•Cheracte~ "o1d4ng reg4sters ins;de the USRT, If 

"e~ther 8 nor q is present CNOli8q) b4ts 0~1 wi11 eMte~ t~e USRT data 

In add~tion, ;f the outPYt clock ~ad been gated off bv tht 

ORUN flipflop, t~e ar~tval of a new data byte at the FIFO out~uta wou1d 

have set ORUN again, 

T~e ORUN f1ipf1oo wi11 be reset on1v i~ the USRT e~Pties 

at t~e FIFO outputs, Unt41 a new byte pereo1ates to the FIFO outputs, 

the clock pulses to t~e KG and t~e USRT tPansm,tte~ w~11 be gated off, 

t~us avo•dfMg t~e automatfc insertio~ of a TreMsm;tter Sync charaete~ 

i~to t~e data strea~ bv t~e USRT (see USRT data s~eet), 

kGB~2&: SERIAL DATA CLOCK COUNTERS 

The lnPut Clock and Output Clock oulses (IC~K a"d OCLK> a~e 

provided to a11ow t~e se1ect;on nf one of efgnt basic cloek speed1 

~ang~ng irom 24 1 4 to q1,b KBaud as tabulated on t~e d~awf ng, T~e 

- -
of t~e f~rst cou~ter, The seeonrl eou~ter s~~p1y d4vides by sf•teen, 

Gating of the Output clock ~as the added comp14cat4on that, s4nee 

ICLK is ~ot used dur4"g loopback, OCLK ~ust be co~trolled bv both OCGO 
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KGB lfllterfeee 
Loa4c 011cr4Pt~o,.. 

The oete •t~uetu,.• 4• auch that w~•~ LOOP ii negated, 

lNLOP+ f 1 h4oh and o"1V OCGO •ffect1 the output e1oek, OCGO w 4 11 be 

1111rted whe~ever t~e outPut is ru,..n4fltQ CORUN) end the Rtd Rtettver 

Ftfo 41 r••dv CRRFR>e 
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KGR 1,,te,.f ace 
~og4c Description 

KGR Interface 
lQaic Desc,iPtton 

T~e KGR ca~d allows the eoMMection oi the Red side of a Series J0 

Kev Generator CKG) to a Private Line Inte~face (Pll) 1 Unde,staMding of 

t~~s 1og4c descriDtion reQuiPes a knowledge of the KGR and KGB 

FuMctfona1 Specifications, i~ addition to tMe data s"eets OM t~e 

T~ansmitte~l, the 33~1 FIFO memory ch4p, t~e 150•10.8 oct4~al 

iso1atol', A detailed U1e l<G lJl"'li t 4t se 1 f ; s not mm 
wf 11 be useful, 

MISC CONTROL & RED•TO•BLACK ~UFF~R 

Orawina 20 eonta;ns t~e bufferf ng fo~ varfous lnf4bus control 

word data bf ts CRBW0 th,.ough RBW7) are st~obed ~rom the lnffbus into 

t~e M01dfna reQfster bv t~e asse~t;on of T~ansmitter Pree CSC 03), 

Because TPREP is oener~ted bv ab ~f11i•seeoMd ones~ot Csee KGR•23), 

s~gna1 is also strobed by TPRFP a"d t~e~efore bandwidt~ l~mited for t~e 
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KGR l"te~f aee 
Logie OeseriptioM 

same seeu~4tY ~eaaone, In actua1 operat~on the TPREP aMd RBBR s4gnela 

cause sue~ ~ot1etab1e and siQnf fieant effects in the Black PLI that the 

~ea1 e1ea~•Dat~ bandwidt~ ava•lable between Red and B1aek ~411 b• 

o~ders of magn4tude 1ower 1 

(B2RWE) flow cont~o1 11ne s~own on tk;s d~awtng and the RRFR cont~o1 

s1gna1 en KGR•24 Jo•n the afo~ement4oned RBaR and RB~0•7 to for~ the 

eleven Red•to~B1ack signals w~icn •~e f41te~ed in t~e PLI feedt~roug~ 

Capaeito~ Assemb1v 1 and u1t1mately terminate o~ draw4nQ KGB•20 1 C12 

capac.tors a~e actua11v insta11ed in t~e PLI bu1khead to p~ovfde fo~ 

In t~e upper 1eft, the d;scontinous Infibus s~g~ais are eerr1ed 

P~eeedenee Pu1se PCDAB+, 

aet4velv 4n t~e KGR ca~d a~e t~el Strobe, Oon.P. Pu1se, Master Reset, 

aMd R~te s;qne1s, Tnese are iMterfaced iM t~e BDR Dl, T~e status of 

t~e R4te s1gna1 du~1Mn a particular memory reference is held iM • 

f1~~·~1op whose outputs are RITE+ aMd RITf~, l~ additio~, there are 4 

present1y perform MO active 1oQiC fu~ctio~ but mav bP. used to ind1eate 

baud rates or ide~t4fv 4nd;v~dua1 cards in a system, 

Sheet 3 of 1il 



KGR lMte,..f aee 
Lo~4c Deae~~ptioM 

KGR•211 ADDRESS DECODING 

Draw4no 21 shows the iMterfacft add,..ess decodi"g fo~ t~is card, 

T~e 1oqfc 4s stflla4QMtforward aMd convent4ona1, At the left are 5 0DRa 

~roviding a df rect 4nterfae~ to the INFIBU5 1 T~e4r inputs are unused 

(1eft f1oating but gated off by grounding the strobes), •nd tneir 

outDUts a~e used as part of t~e address se1ect1on 1og4c, The sw4te~ea 

on the eard are used to select t~e address to be reeogn4zed bv en 

indfvidua1 card, To the ~ig~~ of center 4s a ll•input NAND•gate, w~ole 

outPut AOCOM• indicates that t~e address specified on the bys mate~ea 

ungated, and bits 4•1~ as selected bv swftc~es s~own et tke Of 

t l"le Also included is AB03•1 as t~e KGB dev4ee req;sters only 

occuPv t~e lower 8 bvtes of t~e 16 byte add~ess space spec4f4~d by A804 

.The 748& and 74136 bugs are e•e1us4ve~oR ei~c~1ts used for address 

Note 1 on the draw4~q f·ndfeates that a switch closure ia 

It rloes this bv groundfng t~e 1 inPut of the exelusive•or e4reu4t 

associated w4t~ 4t, For examplP.1 wit~ ASL11• grounded bv t~e 1owe1t 

ewitc~ iM t~e left~ost swite~ of A3, a Posft;ve gate output ABS11+ will 

occur w~eM tMe second gate •MPut AB11+ ts ~•q~, T~;s will occur w~e~ 

tke assoc4ated BDR 4nout f s low, iMdfcating assertion of AB11B• on t~e 

INFIBUS, The outPut of t~e 1~ gates in. C3, 82 1 and H3 is a wired•AND 
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KGR l"te,faee 
Log4e Deaer.ption 

uaed to del•v t~• •t~obe ou1se STRB+ bv •" emou"t •au4va1ent to t~e 

d•1•v 4" the 4nd1v4dua1 data btt1 b•fo~• tr4goer•"o t"• f1i~•flop w~oae 

outDUt 41 ME+, A gate 41 •1•o provfd•d to 4nhfbf t AOSTR+ f~om e1ockfng 

the f14p.~1op 1~ the bus HOLD 140"•' 41 Prtlent, Note that unt41 t~e 

add~••• ae1ect1on cvcle 41 ata~ted, the STRB+ pulse keep1 t~• f11o•f1op 

t~•· 

f1•o•f1oo 41 e t50 "'delay whose outPut u1t4~•te1v generate•• &0 "' 

DONE pu11e, Be1ow t~f1 eircuft fs e 14ng1e AND•oete whose eutput 

ORSTR+ is uaed to strobe t~e data BOR1 du~4Mg a read ope~atfon, 

fnput1 are the RITE sfo"•'' '"d the low order addre11 b4ta 1 •"d 2, all 

strobed bv MEPLS+, 

nrawf"a 22 eontefns t~e d•t• ~u1tfple••~ •"d BORa used to 

f"terface w4th the data portio" of the lNFIBUS 1 Th• a 80R1 a~e thown 

at the ~;qht of the dr•~;"ot t~eir "on•bu• cutout• •" a11 e•••• go to 

ot"er d~aw1"gs, Eaeh of thei, 4"~uta comes f,om a f14P•flcP used to 

1y"e~~o"41e the data ~~~o~mat1o" with t~e INFIBUS reed1"g CY~1e 1 The 

f14~•f1op• tnem1elve1 ere co"t•i"•d 0" t"~•• ei~euft• "ear the top -

e•"ter cf t~e d,ewi"O• I" e11 t~ree ee1e1 the •t~obe uaed to late" the 

data ia the d•t•·~e•d strobe ORSTR+, Note that thi1 41 the same 1ta"11 
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KGR l"tei-f•ee 
Loa4e Oe1erfctfon 

u1ed to 1trobe the BOR1 the~1elvee, T~4• does not proh4btt eh•"9• of 

t~t •~On•1• on the INFIBUS at the begfn"4"g of t"• eve1e, but the 1!1 

"' duretio" of DRSTR+ f1 aufffefe"t to '"'ure 1tab.141etfo" of outouta 

The 1ow 

o~d•r 2 b~t• of the addreaa deeodf ng are brought f n at t~• bottom of 

••e~ buo, •"d the d•t• btta to be decoded •~• bflought 4n et the 1eft 1 

The KGR F~nct•o,.,al SPeeifie•t4on'a bit •114;nme"t e~ert wf 11 be of 

eo"14derab1e he1c f" under•t•"dfnQ the orfg4" of these 14one11, 

KGR•2] 1 OPT ISOLATORS end KG CONTROL 

the 

ootfe•' f 101•to,.1 f I 1t-iown 01"1 KGB•2l end KGR•2l 1 A new 8•R wo.-d t. 

1en1ed by the a11ertfo,., of t .... ISOtS H"e whf eh, ef tefl 8PP f'OJ"• f 8 t e 

ff 1t ... 4 ,.,Q •~d de11cewf ng, cav1e1 the 12 data b•t• to be clocked 4,, t 0 t ,,. 

B•R t-egilter CA10 and 810 . ,., the CU\teri of the d ,.a.,.d n~:Je) Ttite 189 

"'4 e fl'O•aeeorH~ o,-,eahot •t t~e top center of the d,.ewing ; . used to both 

de1kew t,,. 4neo"'i"o data bits and a1eo 4 l"llU"e that ,,Of le OM Ute ISOt5 

delev1 afte,. the oMeshot t4"'•• out, t"e wo,.d Ready flfpfloo 41 c1oeked 

•"d' if 1so1s 41 1tf11 asserted t"'• Red PLI Cflogfl'a"' 41 f"fo,.~ed of • 

"ew B•R wofl'd vta bf t BR15, T~e de1av of !SOWA c1oek•"o the ~o,.d A••dy 

f1fpf1op fa nece•s•,.v to tn1ufle the valfd•tv of the e.R wo,.d ~•o4•ter 

the B2RWE flow eo~t,.o1 14"•• Thi• apu,.4ous cul•• 41 of approxfm•t•lv 

10 nanosecond• iM du,.atfon •"d fa t~e,.efo,.e cemp1ete1v ~tltered out by 

the feedthrough capacttora fn the 82RWE 1fMe to the KGR card, 
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KGR Inte~fa~e 
Log4c Description 

data oath, w"f 1e RR1~ aMd BR1t are reserved for hapd~are funet4ons 1 

BRt0 4s used bv B1aek to reset Red's bus, as shnw.n 4n ypper r1g~t 

eor"er of t~e drawi"g• Dual 7438 buffers are used to drive t~e PWTST 

14ne on t~e Inf4bus, assert4o~ of w~4c~ 4~it~ates a Master Reset and 

software reatart aeQu~"ee 4n t~e Red P~1 1 BR11 is used o" KGR•2S to 

gate on t~e tpanamitte~ c1oek, and may also be read by t~e Red PLI 

IOf tWaPe, 

KGR•20) wheneve~ SC03 41 written w4t~ a "1" 1 T~e discrete network 

KGR•241 USRT Rece4ver 

1oQ4C ia AS fo11owss Dur4nq ;~;tia1iza~4on t~e procram w;1i ~ave 

stream wi11 arrive oM t~e ISI + 11ne from the mu1t1o1exer snow~ on 

;n message sync Canalngous to Modem svn~l e Receiver Reset is issued bv 

setting b;t 00 of tne SC w~rd 1 In the lower left of the drawing, tMit 

asse~ts l~ES and RSET a~d t4~P.S a o~esnot that provides t~e pulse 
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KGR I"te,fa,e 
Leafe De1crfptfon 

th• USRT 1c•n1 the 1erfal dete fo, efght bf t• th•t metoh t~• 

OPe••octffed Rece4ver•av"e eh•~•cter 1 

When • SYN f 1 reeef ved, Pf" 17 f 1 re4aed (R014) ~~tmfng the 1SVN 

f1iPf1oo Juat before 111ertfo" of the l"Put Date Avaf 1ab1e CIOA) afg"e1 

~••••o• avne, 10 ff t~• aeco"d byte r•c•fved fa not SYN the fou~ f"P~t• 

of the NOISE aete (bottom cente~) art hf o~ and the ?RESP o"••hot f 1 

pu11ed eoei"' re4"ftia14rf"g SYN•1e1rch 1 The 33pf eaPaeftor 1tretehe1 

tht NOISE 140"•' •"ouoh to orevent • ru"t pu11e o" the o"e1hot f"Dut, 

tf t~e. bvte fo11owi"g the SYN 41 e 1eeo"d SYN the 2SYN f1fpf1oo 

wf 11 b• set bv the fo11owf"Q IDA ou1se, end o"e f"Put of the NSVN•O•tt llil 

SYNs are reee4ved~ Howeve~, when the ff rat "on•SVN 41 reeefved NSYN fa 

a11erted •"d the DATA f1fof10D fs aet, eo"e1udt"g the SVN•aeerc" mode, 

The fcur•4"put NOISE gete 41 d41ab1ed 10 that fu~the~ SYN1 4n t~e date 

I" the data mode, •• lo~Q es the 4"Put ~•nk of the FIFO• i• eM"ty, 

CIIR •4ane1s), the prese"tatio" cf a "ew bvte at the USRT output• CIDA 

Th4a· p~oduce1 I~Pu1 Data 

(U2FST) •"d clear• t~• RDA 140"•11 •1th.ouah the 1luogf1h"e11 of the 

USRT m•ke• the ROA Pulse 1aat about 100 nS 4" whet would othePw41e be • 
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KGR lf"lte,.faee 
Logic Deser1Pt4on 

l 1"1 the eveMt tkat 

i MpUt wd 1 1 be Megated, end 

t~e FIFO 

MO IDAR 

memo,.v 4 s hll,, IFlR at the ones Mot 

w 1 1 1 be ge,.,erated by t~e IDA s 1QMa1 

w~ ten '"'0"' w 41, ,.eme 4"' assei-ted, Th 1 s suuat4on w 4 1 , rema4"" Ur" ti 1 
t "'• 

FIFO ceases to be hll,, at w~d cf.I t4me t !-le IDAR of'leshot w i 1 , fi f'e 81''C:t 

t t,e RRFR • s4gf'\ed w111 aga 4 n be asserted to t !'le BPLI, Note that Pl"40fl 

to data mode, s~Mee tne FIFOs wi11 have beeM elea~ed by lRrSP, an IDAR 

w411 a1awavs follow IDA aMd keep tMe clock goinq even thoug~ ~o bvte1 

w411 be st,.obed ;nto t~e FlFOs, 

When t~e FIFO inout byte pePeo1ates to t~e FIFO outputs, t~• 

9YMC~~onired w4th the tnfibus STRB signal o,.,d ~res~nts a Data Ready 

1igMa1 to t~e p,.oqram es b~t 15 of tne Read Data woPd 1 The Program 

wi11 oertod4ca11y ~ead t~e data word a~d ;qno~e it un1ess it •• 

combination of DAS15 and ROAT p,.oduees TSO ~h~ch clears bot~ the Data 

Readv f1iPf1op Cv4e the GOMs oMes~ot 4M the r;g~t cente~ of t~e 

d~aw4~g)and t~e output ~a~k of t~P. F!FOs, 

KGR•251 USRT Tra~sm4tter 

D~aw~nQ 25 &Mows tne ser1a1 outPut port4on of t~e KGR, w~~c~ 

interfaces the Red side of t~e KG Receiver, T~c MlL•188 data dr;~ftP 

Cqb16) is s~own to the 1e~t o~ the USRT 1 T~e output, is about + or • b 

volts, and ~s source terminated, The d~4ver 4s gated off during LOOP 

test, 
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KGR I"terf1ee 
~oo4c Oeaer4ption 

Bft1 0•9 oi ther Oat• Bua •r• buf••~•d ~" the th~e• FIFO memory 

ch4o•. whe" the 4"out ra"k of t~• FIF01 41 emptv, a three tnput Qatt 

111ert1 SC15 •ia"4fvt"g th•t t~e T~•"•~1tter Buffer 1• fmptv, Tht 

4"to the FIFO• 

T~• ~~4te data •fo"a1 WOAT wf11 lhfft the data bu1 bft• fnto the 

(Cutout FIFO Outcut Reedy) w111 ff re the ~00 "s o"e1hot ff the USRT'1 

T~•"•~f tt•r Buffe~ Emotv COSMT) 1fg"a1 41 ~iah, or waft for ft to oo 

hfa~. W~•" both eo"df tfo"• •~• 1atf1fied the FIFO•to•USRT Strobe 

CF2UST) the FIFO As out1f"•d 4" the 

Funet•o"•' Spee1, ff bit• 8 or 9 ·~• set, the remai"f"g 8 bft1 •~• 

tra"•ferred to the SYNeeheracter ho1df"o ~egf aters 4M,fde the USRT 1 If 

"••t~er 8 "o' q fs P'•••"t CNOB89) bfta 0•7 wf11 e"ter the USRT data 
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MLR LOGIC DESCRIPTION 

The receive side of the modem is the MLR card, a block diagram 

of which is given in Figure 1. 

with MLR: MLR 20, 21, and 22. 

There are three drawings associated 

MLR 20 shows the input shift register, 

control character detection logic, and the input finite state machine . . 
Drawing MLR21 shows the FIFOs and the DMA interface. Drawing 

MLR22 shows the data buffers, the bus driver/receivers, the input 

check register, the line interface drivers, receivers and asso

ciated logic, the crosspatch clock, and the status bit drivers. 

We b~gin with Drawing MLR20. 

MLR20 In the lower left-hand corner is the input shift 

register, which assembles a character, and inverters for the 

control character detecters. The upper left-hand corner of the 

drawing shows the control character detecters, which are 7430 

8-input nand gates, and are driven off the appropriate sets of 

uninverted and inverted bits. To the right of these is a 74163 

bit counter, a modulo 8 counter implemented from a 4-bit counter 

with a synchronous. parallel load of 8, producing an output which 

is true for 1-bit time out of each character time. The syn

chronous load is made to happen any time the count reaches 15, 

or any time the device is in SYN state, in which it is searching 

for character SYNC. 

To the right of the bit counter is the finite state counter, 

decoder, and associated logic. A state diagram of this machine 

is given in Figure 2. The states are named according to the 

character which is being received. For instance, while in SYN 

state a SYN character is expected; the machine is actually 

searching for character SYNC. In DLE state, a SYN character has 
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been received, and a DLE is expected. The state counter itself 

is a 4-bit synchronous counter with a synchronous clear and a 

synchronous load. The inputs are hard-wired to be a 3, which 

means that a load puts the machine into message state. A clear 

causes the machine to go back into SYN state and search for 

character SYNC. Other state transitions are accomplished by 

incrementing the state counter, by bringing true IDXRF (in1ex 

~eceive finite state machine) at the appropriate bit time. This 

is done either when in SYN state and a SYN character has been 

detected, or at NXTST (next state) time. This latter happe~s 

every eighth bit time (RBIT8), unless 1) we are in message sta~e 

and no DLE has been detected, so that we want to remain in 

message state, or 2) we are in DLE state and a SYN has been de

tected, in which case we wish to remain in DLE state. 

The state counter is loaded with a 3 to put us into message 

state at the eighth bit time of ETX state, it either a DLE or a 

SYN was detected, the DLE being a doubled DLE, the SYN bei!1g a 

protocol idle sequence. The state counter will be reset if at 

RBIT8 time any one of 4 error conditions is found to hold: 

1) a receive reset command, at least 1 bit time earlier, 

2) neither a DLE nor a SYN detected while in DLE state, 3) no 

STX detected while in STX state, or 4) neither of the three 

acceptable characters, DLE, ETX, or SYN, detected while in 3TX 

state. All remaining state transitions are accomplished by 

incrementing the state counter. 

The 7476 in the middle of the left-hand side of MLR20 is 

used to capture and synchronize the receive reset signal. ~e

ceive reset sets the first flip-flop (RRESS, receive reset 

synchronized). The next leading edge of the input clock ( c1::nJ) 
causes RFSMR (receive finite state machine reset) to come true. 
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The next leading edge of CLKIN will clear RRESS. RFSMR will 

remain true until the first leading edge of CLKIN while in SYN 

state, the state to which RFSMR will force the finite state 

machine. 

The control FIFO carries two control bits from the finite 

state machine to the DMA interface. These are finite state 
, 

machine error and end of message. End of message is derived in 

the middle of the lower half of MLR20. REOM is the OR of being 

in check character 3 state, or receiving an illegal character 

following a DLE in the text stream (signal DLCRP). The logic 

which makes up receive finite state machine error (RFSER), at 

the lower right-hand side of MLR20, is somewhat more complex. 

The error conditions include the FIFO not being ready to accept 

data when the finite state machine presented a byte, a bad check

sum detected, or any of the conditions which caused the finite 

state machine to be reset (RRFSM). The error condition "receive 

FIFO full" (RFFUL) becomes set if, at the leading edge of a 

command to the FIFO to shift (RSI), the FIFO level "receive 

input ready'' (RIR) was not high, indicating the FIFO was not yet 
ready to accept that data. The other.condition for setting 

RFSER is if at clock time, either RRFSM (receive reset finite 

state machine) was true, or CKBAD (bad checksum) is true. This 

latter is true if during either check character 1 state, check 

character 2 state, or check character 3 state, the check regis

ter's feedback line (CKNl) is non-zero. 

The remaining logic at the bottom of drawing MLR20, is the 

receive shift input logic (RSI). RSI is brought true indicating 

to the FIFO that there is a data byte to be taken, if, during the 

second half of an RBIT8 time (to allow for settling), either 

1) we are in message state and no DLE character has been detected 
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(MSNDL), or 2) we have come to the end of message (REOM), in 

which case the data to be shifted is in control, or 3) we are 

in ETX state and a DLE is detected. This must be a doubled DLE, 

since the first DLE has been discarded, this DLE is presented as 

data to the FIFO. 

MLR21 On the left-hand side of MLR21, ~he FIFOs are shown. 

The FIFO handshake logic (receive shift input, receive shift 

output, receive input ready, receive output ready) is identical 

to that for MLX. The pseudo-interrupt request logic in the upper 

right-hand portion of MLR21 is just like that in MLX except that 

now the signal REONN is ORed into the logic to clear the active 

flip-flop, if the control FIFO is indicating end of message at 

receive now time (RNOW). 

The receive byte 2 flip-flop (RBYT2) is used to select which 

half-word of the data buffer will be loaded with the byte now 

being presented by the data FIFOs. This flip-flop is cleared by 

RACTV being false, so that the first data byte of each buffer 

will go into the right half-word, and is toggled each time a data 

byte is taken from the FIFO (each RSO, if not a control.byte 

REOMF). The signals RLLBB (receive load left byte buffer) and 

RLRBB (receive load right byte buffer) cause the appropriate half

word to be loaded at the leading edge of RSO (receive shift cut

out). As the left byte buffer is loaded, ROKSF is set, bringing 

down RSO, and inhibiting further RSOs. When the FIFO again has 

data to be presented, receive output ready ROR comes true. 

Since ROKSF is true at this time, the receive ready flop gets 

set and if RACTV is true, RREDY, the receive request line to 

the DMA, is brought true. On the leading edge of RNOW, in

dicating that the DMA is taking the data, the receive ready 

flop is cleared. On the trailing edge of RNOW, ROKSF is cleared, 

enabling RSO to the FIFOs. The setting of RREDF is delayed until 

the FIFO is again ready with data because if this is last data 
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word of the buffer, and an interrupt is generated, the program 

needs to be able to read the "end of message" and "error" lines 

from the FIFO, which will be guaranteed to be valid, since ROR 

is true. 

MLR22 On the right side of MLR22 are the receive data latch

es and the bus driver/receivers, which interface to the INFIBUS 

itself. The receive data lines from the bus' driver/receivers are 

driven across to the ICM and over to MLX. This is the path 

whereby MLX gets its data from memory. The BDR drivers are 

enabled by RNOW. Both half words of the data buffer are lo~ded 

from the FIFO data RFDBO through RFDB7. The loading of the 

buffers is accomplished with the RLLBB and RLRBB signals. 

The lower central portion of MLR22 shows the receive check 

register. This is similar to the transmit check register, but 

does not include the switching, since all data, text, control, 

and check characters are passed through the check register in 

the same fashion. The check register simulator results given 

in Appendix 1 apply equally well to this, as to the transmit 

check registers. 

The logic at the top central part of MLR22 is the cross

patch clock. CLKA, the 25 megacycle infibus clock, is received 

through a 7404, and driven into a 7474 toggle, to the output of 

which drives two 74163 synchronous 4-bit counters, providing a 

factor of 512 speed reduction, to produce a roughly 50-KB clock. 

If a faster clock is desired, MICLK (modem internal clock) can 

be shifted to one of the other bits in the counter chain. 

The lower left-hand portion of the MLR22 shows the logic 

which drives the status bits to the DMA, as described in the DMA 

functional spec and in the modem functional spec. 

Sheet 8 of 21 



The logic at the upper left hand portion of MLR22 is the 

line interface drivers and receivers. At the extreme upper 

left-hand corner is the external crosspatch flip-flop (EXPCH), 

which, when true, drives the modem loop line (MLPLD) to the 303, 
causing the 303 to loop internally. The driving of this line is 

conditioned with WDTOK (watchdog timer OK) from MLX, to prevent 

driving this line if this particular interfape is not in use. 

The data line to the 303 (MXDLD) is driven from the MLX output 

data line OUDAT, if the watchdog timer is OK, and the interface 

is not internally crosspatched (IXCPH-). These are the only two 

lines driven to the 303. IXPCH is a flip flop loaded by writing 

bit. 14 to the receive status word. 

The receive data line from the 303 is ANDed with the inter

face not being internally crosspatched (IXPCH-), and ORed with 

the output data ANDed with the interface being internally cross

patched. This selected data is then applied to the input of a 

7474 to make BINDT the buffered input data signal, which, 1-bit 

time later, to allow for settling, is shifted into the input 

shift register and to the input check register. The two modem 

clocks, MRCLR, the receive clock, and MXCLR, the transmit clock, 

are similarly received, ANDed with "not internally crosspatched" 

and then ORed with the internal modem clock (MICLK) ANDed with 

"internally crosspatched", to provide CLKIN and CLKO, the logic 

level signals derived from these clocks. All three of these 

input lines from the 303 are terminated in 100 ohm resistors. 

These resistors can be optionally removed to provide a high 

impedance input if interfaces are to be paralleled and the ter

mination resistors to be installed externally. 
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MLR LOGIC DESCRIPTION - APPENDIX 1 

020 

0 0 0 i ~ ~ e; ~ 0 '~ 00000N.H1 00000000 
0 0 ll:0Zi00V'l0~ 00000000 00000300 
'1 " 01HHHH~'°rn 00000000 0CHHrn~Z0 
0 - 0 fH.100000f'1 mHrn0ecrn 0~000e00 
1 1 09r;.ri0r.nf-1 crn000000 000000;)0 

" 0 1 ~eerrn~r.-1 0000'30~0 00300030 
0 1 0 HHH10~H., 000000crn 00030000 

" 0 10100000 00000000 00000000 

002 

0 1 ~10100~rn !-H~';'0000~ 0~000020 
1 1 101~100~ 0e0ncHrn~ 00000000 
0 1 110HJ1C0 ~HHHrn000 lH.~ (H3 0 Nm 
0 1 1 .i 1010 1 ~ 0NHHH30~ 0000~H'i0/J 
0 a 11110101 0"3000C~rn 000Z.0CZ0 Ill 0 ~ 01111013 1 C'!CHrn0fZ!O 00"~0000 
0 0 00111101 "'100'3000 "00302:00 
0 1 00~11110 1 r11 rHrn ~1 0 00000000 

002-

0 1 10001111 01010000 etCHHHrn00 
0 .0 1 ·10 0 r~ 1 , 1 1n10100~ tHHHHH320 
0 0 r-J1100011 110101crn 0000fH10CI 
0 1 00110021 111010H~ ~0000000 
0 1 1~011033 1111C3H11 e00c0c00 
0 0 110Z11'1~ 01111V1 !0 1~0~0CZ0 
0 1 01100110 0'1.11iH1i 01000CZ0 
0 0 H~ 11'H111 000111·1 0 10100000 

000 

0 0 0ifJ11t101 10~01111 01010C.H~0 
0 1 0010110~ 11~00111 1010Hrn~ 
c 0 1?1010117, ~11,rn311 11010100 
0 0 ~) 17 010 11 QI r.; 11CH1 0 1 11HJ1010 

" 0 '~ 010 0101 1r.011000 11110101 
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0 0 021010"-'1'1 110e1100 01111'~ 10 
0 0 r:.h~e01001 011001 ·10 30111101 

" 1 ~ 9' 0 QH?J 1 vrn 10i100i1 00011110 

000 

0 0 1~c.Hrn01e 01011001 10001111 
0 1 ~ i0210C1Z1 00101Hrn 11000111 
0 1 1 rd 1 2J CHHH1 1001011~ 01100Z11 
c 1 1·j010 '1~0 01001011 0r-1110001 
0 ~ 1i1Z100~ 00100101 1~01Hrn0 
0 0 (~1112'12(1' 000100~0 11001100 
0 1 00111'1Hl 00001001 01100110 

" 1 1VHJ11101 CHJ000100 10110011 

000 

0 0 1i201110 1 ~0CHHfH3 01011021 

" 0 0·1100111 0·1QHHHrn 1 ~"3101100 
0 1 tl01H'l011 101(HHHH3 , "" 1(1110 
0 ~ 1f.e'1 HH~1 11210000 0130H~11 

" ~ 0~c~1100 ·11101000 ~0.1001~1 

" z 00100, 1 ?l e1110Hrn 03010010 

. " f!J 00~ H~'·H 1 00111~13 crnr.01001 
Cl 1 0-301· 1 (101 10011101 02000103 

02~ 

0 ~ 100301~.rn 1Hrn1110 1~000~10 
0 0 .0i030010 011001'i1 01030001 
0 1 00HJ00?i1 001HH~11 10 HHHHrn 
0 B 1'~~10 0 ~rn 10~11001 110urn00 
1 1 0 :~'31~,rn 0Hrn110~ 1110HHrn 
0 0 1:1130100 ~rn 1crn110 '1ii10100 
0 0 01010210 C'IC010C 1 1 0'3111010 
0 0 0r.101001 !30!H~10~1 103111" 1 

203 

1 0 0ef:110100 1'HHH1100 11001110 
1 1 GZ0010 H~ 0 HHH.HJ ·q~ ~1100111 

" 0 10~100101 001 C1N101 00110011 
0 1 0 I 0~.Hrn H1 100100~~i 10211001 
0 1 1~~10 0 ~ '3 1 01031000 01001HH'I 
0 " 1101"00(1 1~icrn100 00100110 
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300~0~H,, 1 

00e0~Hrn~ 
000000~0 
0CHHHH100 
~rHrn0000 
fH':000r:i03 
CHHrn Z. 0 0 ~1 
0fHHHH~00 
0 0 ~ C-HHrn 0 

0QJ0Hl011 
00'301001 

1~000100 
01000010 
~"100001 
1~01000~ 
01~~1000 
101~0100 
0101~010 
00101001 

00010100 
eec.H~ H~ 10 
100~0101 

01000C10 
10100001 
11010000 
01 H11000 
0Z11010C 

10011010 
31001101 
00100110 
000HJ211 
~0001001 

00~00100 
000~0010 

ei0crn~001 

DATA 020 002 223 371 375 ~~0 020 203 

-
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020 

0 " 02'000~~c-rn 0000CHHrn ~H1:00002'0 
0 ~ e i 0 ~HH:" rm 0fHHHH1~0 NHHrncrn0 

" " C.h~000Pl0C1 000~CMH.rn 0z000e00 
3 0 ~00000(i1~ 0~HHHH100 ~H!000i00 
1 1 vi00~000?. 00000002 00000000 
0 0 12!00000~ 00000000 e0000e00 

" 1 c~ 100000~ C.HViW0000 ee000000 
0 0 12100'1011 00000000 00000000 

002 

0 1 01£,100~e 0r1ZCPJ030 ""000000 
1 1 101~1H~~rn 00000"100 00000000 
0 1 1 !0HJ1W~ 00000000 00000000 
0 1 1110101(~ '30~00000 00000000 
0 0 11110101 00~~H.HH30 000e,rnze 
0 liJ 0i111~H1 HHHHHrn0 0fHHrn0~0 

" 0 00111101 0100CHHH1 00030000 
0 1 0001, 11 ~ 1010v.HHH3 00~00000 

223 

1 0 10001111 01010~rn0 0Z0000Zl0 
1 , Gi000111 10101000 00003000 
0 1 1e1~0~11 -·110 H1100 0G(Ji00000 
0 0 1 i0HHJ01 111010H~ 0erHHH~00. 

1 1 ·011010~rn 11iHJ101 000~HH:HJ0 
0 1 131101 ?.7; f'11110H1 HH!00Z00 
0 1 1 i·0110H3 00111101 01 O~HHHJ0 
1 0 1 1 1 ~ 1 1 0 1 00011110 10Hl0000 

371 

1 0 011101HJ 10e!H1111 01010000 
0 1 00111011 010~0111 1'~101000 
f3 1 1(~~11101 1010~0 ·j 1 11010100 
1 21 1 ·1 cm 1 1 ir1 11~H1l~01 f11'1iz10 
1 1 01HH.1111 e1101000 11110HJ1 
1 1 1011f.H'111 10110100 0i111010 
1 0 1HJ11'101 11011010 00111101 
1 0 011011f~~ ·, 11 B ·1 H11 00011110 

375 
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1 1 0.0110110 0111~110 10001111 
0 1 10011'~11 0~111011 01000111 
1 ~ 110r11101 10011101 10H,,0011 
1 ~ ~: 110~ 110 110"11 i0 11010001 
1 1 0v11'H111 01100111 0·110HHJ0 
1 , HH31H101 10110011 10110100 
1 0 1~001Hrn ·11011 ~01 11a11010 
1 1 0110011oi Vl1101100 11101101 

000 

0 - 0 121110011 00110110 01110110 
0 

"' 
r:1-:c~11001 1001j.011 00111011 

0 0 02101100 11001101 10011101 
0 0 r.~010110 011rrn1 rn 11001110 
0 0 03Z~J1011 001HH111 01100111 
0 0 ~~:."1200101 1E5011001 101Hrn11 
0 0 %H30001"' 11f?.el1HW 11~11001 
0 0 0(J~00001 01100110 01101100 

020 

0 0 0 ;; :3 o V.H~ C3 ~ ic-11Hrn"i1 00110110 -0 ~ rA ~~ r rm 0 0 ~ ~101HH31 10~11011 

0 ~ ~1 ~~ 0 !10 0 C3 :~ i:101011C:0 11e011e1 
0 0 0000~0rrn 0CH1H11 !0 P.I 1130110 
1 0 r.,300000~ 0~~01011 001H3011 
0 0 k~ '~ ~1 0 0 0 0 f ~ .0~000101 10011001 

" 0 0'JNHrne:1 000r.00 H1 11001100 
0 0 0r~0000crn 0CHHHJ0B 1 01100110 

203 

1 0 000000?,'3 QHH:H.HHHJ0 1~110fi11 
1 0 ez0~00'10 0000~HHH1 01011001 
0 0 0000000~ ~000(1)000 00'i01Hrn 
0 0 C'.~00CH30r_rn 00000000 ~0~10110 
0 0 0~~00tH100 ~0000(100 00001011 
0 0 0~?-000~'3~ r1 fHHrn 0 01~ 000~0101 
C3 0 ~0200020 0000r;H10Z 00000010 
1 0 '1 ~1 ~.rn 0 ~ 0 ~~ 000000021 ~HHHH10~ 1 

Sheet 14 of 21 



0 0 Fif ~~00~n 000crn000 0000~000 

" 0 00()000"'1 000£'J!'HH10 00~000'30 
0 21 00c·o000~; ~HHHrn000 0 ~ 0 C'.HHHHJ . 

" 0 !!. C ~ 0 !HHrn 0 £C eurn 0 0 ~ 003~0000 
0 0 '~ 3 0 V.HH3 ~rn 00~HH~00~ 3000crn00 
0 " 0f~000~00 0~0CHHHH1 t'H~000000 
0 0 c~H~e0000'1 00000200 000~0000 

0 0 0~~030?100 00~HHHHH." 0CHHHHJ00 
0 - 0 ~'IY:1C0000V1 000(H'J00~ 00lHHH100 
0 0 0003e00r1 000CHH100 00000000 
0 ~ 00000000 3@00000~ 00000000 

" 0 f.l00000r1 ~00000£rn 00~:HHHrn0 
e 0 0rrn00z~0 0 0 0 (iHHrn 0 000(30~00 

0 0 0Mrn000r1 00000CHHJ 00000000 
0 0 0~HHHrnzei 00000000 00000000 

" ~ 0Vi(1000~!' CHHH.HHHHJ 0CJ000000 
0 0 v; :. r. v.rn e ~rn 030CHJ000 CHH!0.0000 
0 0 C!1 ;; 0 0 0 e 0 0 0 CH?HH.HJ 0 3 0ZZ00000 
u 0 0 ~! 0 " 0 3 cm GH10CHrn0~ 00003000 
0 Cl) 0 ~~ 0 0 0 ~ (H~ ~ rHHH~ 0 e 0 00~30000 

" 0 o~rn 00zcrn 00000000 00~Hrn000 
0 ·0 !??00000Vi .~HHHHrn00 00000000 
0 0 0 ~~ z c 0 0 ,.rn ~HHHHH10~ 00N30000. 

DATA 023 002 221 02U 342 000 020 203 

020 

0 0 0 ~l 0 000 0L1 0"1000000 00C:HH3r.i~ 

" 0 € ;.,;r~ :.HH10 0 000000.(1'1 0~HHH1Z.00 

" f1 000~H:'l00r.~ 000(HHJ00 0 ~' CHrn r. ~rn 

" 0 li10030V1~o 0CHHrn000 000300~.rn 
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1 1 0"Hrn0~0:1 tiHHHHHH'2J 02HHrn200 
0 0 1 ~~HH)j003 ~OHHHHHHl 0fl00~H!o~rn 
0 1 0: £000"'0 C:HHH10D00 00000000 
0 0 101~H:H'l0:l 0f.HHHHHH3 "0000000 

002 

0 1 fl1~HH3~0 0!'1000000 000'110220 
1 1 10101000 0 CHHHH'.HH~' 'HH~00230 
0 1 11010100 0CHHHJ000 00f:Hrnc00 
0 - 1 1 t 1 0 1 '1 1 0 0000~HHrn 00000300 
0 0 111H1101 0C'.'0CHHHHJ '-Hrn00c0z 
0 0 01111010 HH'HH"HHHl 0~000e20 
0 0 ('~31111~1 0 HH.HJ 00 0 00000000 
0 1 0e011110 1"1100C00 00000CZ0 

221 

1 el H.10~1111 010Hi000 frn0rrncz0 . - ... 
0 0 01000111 1~101000 ~rn cm rm ~rn 
0 1 0~'1?i0011 .1H110100 0 v.H.rn 2 ~ :rn 
e 1 1~01Z'1~1 1110·1010 0~003300 
1 1 1 :0~1100~ 111HJ101 00003C30 -0 Vl 'j i18010~1 V11-i110Hl HHHl0r1.30 
0 1 Lii110C1G 0C3:if1101 0103ZZ2~ 
1 1 H.(11 H101 000111rn 101errn~0 

021.1 

0 1 1 10 1110 ~1 100011:1 ~1010C0C3 
0 1 111Z11H1 01003111 1210120~ 
1 riJ 1 i 1 1 0 1 1 1 00100011 1101Ci3C 
0 1 Oi11H111 103100C1 11101210 
1 1 1 0 1 1 1 1 '3 1 11001000 11110131 
0 ~ 1101111(i'1 ·11100100 01111010 
0 1 e1101111 01110010 0 ~11 , 1 ~ 0, 
0 0 10110111 10111001 00011"110 

342 

0 1 0 ·t 0 110 11 110. 111 (10 12l30 ~ 111 
1 1 10101101 111011i0 01000111 
0 0 1HJ10110 111H11·11 00100011 
0 0 (~1131'."11 011110·11 1001CCZ1 
0 0 LH1110101 101111~1 11001000 
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1 1 00011010 11011110 11100100 
1 0 10001101 0110·1111 01110010 
1 1 (~1~"01 H1 H11101'i1 10111'~01 

~H~0 

0 0 10Hi0011 01011011 11011100 
0 1 0H~100~1 1r:i101, 01 11101110 
0 1 1~H1100~ 1131~110 11110111 
0 .0 1 ·1 e H~ 1 ~rn 01101011 " 1 1 1 1 0 1 1 
0 - 1 0 ·110H~1 ~ 001 Hi101 10111101 
0. 0 10110101 00011010 11011110 
0 0 C?. ·101101 ~ 100011'31 01101111 

" 0 00101101 010001.,0 10110111 

02'3 

0 0 00010110 '1010~0: 1 0·1011c11 
0 0 0~rnz Hi 11 ~H1 HHH31 H11r11101 
0 0 l?.00001~1 1~1o10r.rn 11010110 

" " 000~Hrn 1 ~ 1H110100 01101e11 
1 ('I! ¥1 0 ::' 0 0 0 '~ 1 01101010 ~0110101 t.I 

0 0 l·~ ~1 0 0 0 0 0 (1 10110101 00kJ11010 
0 0 V'30::1000~~ 01011~1~ 10001101 
0 0 ~1~'.0~0~1~rn 00101101 010C0110 

203 

1 0 f~0e~CH'>?i"1 0001~110 10100011 
1 0 rrnea00~rn 0CiHH11011 01010~01 
0 0 r.HHrn000n 00Q!0C1H11 1010HJ00 
0 0 000?:000,3 00000~ ·1 k1 11010100 
0 0 r;~H;HH100J vHHrn~rn01 0110H110 
0 0 0000000~1 00~00000 10112101 
0 0 000N~0vH1 0f.HHHHH3~ 0Hi11012 
1 ~ !H~0~HH100 ~rn00e000 00101101 

0 0 000~HH"~rn PHHHHH100 0~~10110 
0 0 f~ ~~ 0 ~ ~ 0 0 0 f1(rn~B0.0 0 00('1~ 1c11 
0 0 £1000C00r, GCHHH1000 000~0101. 
0 0 0!~[H100?;r: 0CHHH1000 2'CH100010 
0 1 r~ c1 0 LHrn ~ ci 00'30CHH~0 00C0~H~01 
0 0 ~}I 3 0 0 0 f1 0 ,1 ~ r.HHH~ 0 C1 0 e30~0~rn0 
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0 3 
0 0 
0 0 
0 0 
0 ei 
0 - {?! 

0 0 
0 0 

0 ~ 
0 0 
0 ,, 

r.J 

0 0 
0 0 
0 0 
0 0 
0 0 

lll0?00r.~rn 
~! l1 ~ 0 0 [10 0 

0000,~rn00 

0 ~~ 2 n ~"?\ 0 ~ 
000~00em 

~H:1 fHH3 ~ ~H'I 
0tiCHHH10a 
0~:~rn02103 
!3 0 z ~Hrn t,, e 
002000021 

fl 0 !:HH3 " el ~ 
0t1000~~rn 
0e000eea 
0CHH300CiH~ 
C f~ 0 ~Hrn r, ~ 
0{~zo~rncrn 
,,, t1 ~ '3 r1 r, ~~ 0 
r.ii ~ l1 ~ 0 e r·rn 

0A000~V.H~ 
'1HHHHHHHJ 

0r.~0e00~ 

0!.H1e'0fH10 
0CH10~0~~ 
00000000 
000"000~ 
~!HHHHHHJ 

00~"10000 

~HHH?Hrn 0 0 

0~0~0!Hrn 
0~0!HHHH~ 
0~2'03000 

0000000r1 
~00210000 
~H1000000 
0CHH30000 
0!?HH10000 

00000000 
0~H'HH3000 

fHJ000000 
000!HHrn0 
0~H.H10000 

0~H.HJ0000 
~HHHHW00 
00000000 
00000000 
0 0 C:HH:HHJ 0 

00000000 
00000000 
000000.00 
000'30000 
0~HHHH~00 
0~00000?.I 
000008~.rn 

00fH100'10 

DATA 020 0~2 363 3u6 1su 000 020 203 

020 

0 0 0f:'Z~HH5~z ~HHHHHrn0 000CHH300 
0 0 Vi ~H'.H10 0 0 ?! r1 ci 0 0 c-Hrn 0 00000000 
0 Vi icrn030D0/' ~H?I ~HHH~ 0 i;? 0~H300000 

0 A C.1 ~ 0. ~1 0 0 0 :-1 0000'1000 00000000 
·1 1 r,'..)00000('1 ~H~~HH1000 00000000 

" 0 1 k10 0 z, 0 0 r,~ 0 0 ~rn CHH3 r.~ rm 0 rHw0 0 
('l 1 0 . 02H1 ~0~1 ~0CHHH3C0 0CHHH530~ 
0 0 1 0! 1 C1 0 0 0 ~] 0000~HH30 n~H~00000 

.. 
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002 

·0 1 0101000~, 00000000 0~ZfHHHi0 
1 1 1 !1! H11 ~ V1 0 0000CH100 00000000 
0 1 1 i0101~0 fHHHHH100 ~H1000000 
0 1 1·11"10H1 00000000 00000020 
0 0 11110101 000CHH100 0~0!30000 
0 ~ 0111101'3 100CHHHrn 00e00000 
0 .0 0~111101 0100CHHl0 0'3000000 
0 1 00011110 10100000 00000000 

363 

1 e 10001111 0101'~000 ~e;000000 
1 1 01000111 1~1ai000 00~Hrnee~ 

0 1 101~2011 1101~100 000.0020~ 
0 (3 1101~001 11101010 "HJ000~00 
1 1 0110102~ 11110101 ~0Z~0e00 
1 9.1 101101~0 011110rn 1CHrn0Z00 
1 0 C101H110 z~11i'101 01000003 
1 1 B0101101 00011110 101YHH\00 

346 

0 0 1(,<010110 i 02l~11 ., 1 ~1010200 
1 . 1 0;~01~11 01000111 101~1a00 
1 0. 1010z1~1 10100011 1101010~ 
0 1 0 i 0102 H1 11~10001 1_1H11~10 
0 1 1310 H101 011v11000 111101(11 
1 1 1 ·10101~"' 10110100 01111~10 
1 f} 1 ·1 H1Hl191 01011k"h0 001111'11 
1 1 0 ·1110 1 01 0(1101101 · 00011110 

154 

0 0 1Z1110 H~ 10010110 1~C'.H31111 
0 0 0·1011101 01001011 01003111 
1 0 !.H~1~1110 HJ100101 10102?11 
1 0 0 ~' 0 10 111 010H~0H~ 11010201 
(J 1 '~ (10 0 10 11 10101001 01101300 
1 1 10'300101 11010100 1~1 H1 H10 
1 0 110C"HH11r.1 111010i0 01011010 
0 1 011000(-31 01110101 0r1101101 

000 

Sheet 19 of 21 



0 1 . H~11000~ 1C:1111010 H10Hl110 
0 ~ 1121100~ 0101i101 . 0HHJ1011 
0 1 Lil 11~11 em ~01~1110 10100101 
0 1 1~11011'1 0~01~111 01~10~10 
0 0 11011011 ~r0010'11 10101',01 
0 0 01101101 100~rn101 1HJ10100 
0 1 0011011~ 1100001'1 11101010 
0 ~ 10011V1111 01100001 011i0101 

020 

0 1 CH1011Z1 1c:t1 HHHHJ 10111Z10 
0 3 1z100110 11011~HHJ 01011101 
0 1 e.1~10011 0110110~ 0010111(~ 

" 0 1~1010tJ1 1p;1101·10 ""z 1" 1 11 
1 0 ZHJH.iJ100 1i011011 ~H1001011 
0 1 r.~,101010 01101101 HH?H10 H~ i 
0 1 H~~10101 001101~0 11000~10 
0 1 110~1010 10011011 01 HHHH'.'.11 

2Z3 

1 1 i 11001?J1 01~HJi101 12'113v0~ -1 3 1 1110?i 1 ~ 10100110 1101100~ 

0 0 011110~1 01310 0 ·11 0110110~ 
0 f1. ~~11110~ 1'1"101001 10110110 ·~ 
0 .1 ~7:0111HJ 0101r.10z 11011011 
0 0 1~~201111 ·~010101 ~ ~1101101 

" 0 f1·100 0 111 10010101 0~11101HJ· 
1 0 iH5 HHH1i1 11~oi0-:0 10011011 

0 0 00010001 111~0101 ~1001101 
0 0 c00r110'1r1 11110010 101C3110 
0 0 r.~0~zi00 01111001 01310011 

" 0 02·0~001(,, 00111100 10101'~01 
0 1 r~000001 0~011110 01010100 
0 0 C.0~H100~n HH'.10i 1 ·11 081"' 1~10 
0 ~ r.~00000~ r11 0 0 e 1 ·1 1 HHJ10101 
0 0 ~0(HH1000 00100011 1Hrn1010 

0 1 00010001 11100101 
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0 1 0 f.~ NHHJ 0 9 lHHH3100e 11110010 
0 0 Ct;:~r000Jrn 0"1000100 01111001 
0 0 . """0~fHH1~'1 '100000 '1[1 ~Hi~111100 
0 '1 '!. ~~ f; ~J r1 ~) ~ ~Ii C'.HHH~ 0 0 0 1 00011110 
0 0 {~~~ 200 0 00 00"0(1000 10001111 
0 ~ Ci~!Z000V.l0 rrn2,10000 01000111 
0 1 0 ~~z000~rn 00000000 0v.1HHrn11 

0 - 0 00000000 0 fHHH'HHHO 0VJ010001 
0 1 r.urn00vrn 0000~Hl0~ 20001000 
0 1 0210000v.rn 000t'HHHH1 00000100 
0 et 0 ~H?i f-HH1 ?i 0 00~Hrn000 3UHHrn10 
0 1 (HJ e '10 0 ~rn ~rn0~.rn000 00000001 
0 0 000000vrn 0"000000 ~Hrn00c00 
0 0 e~00tH~rrn 00000000 0~000000 
0 0 00Y.HH10 ~3 0('1'100000 00000000 
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w 

R 

MLR Low S2eed Modem Receiver BBN 

see DMA, MLX 

Status address FXXX6(receive).2 FXXXC(transmit) 

u s E I 
N E x N u N UNUSED s w T T UNUSED s D E E E s 
E 0 E R R E 
D N N E 

c D A A D 
w H M L L M E A A D c c A x x c A 
T K T R p p T 

T s I A A I 
u v T T v I M E c c E M H H E 

D 

0 
u 
T 

15 4 13 12 9 8-0 15 14 13 12 11 10 9 8-0 
TRANSMIT RECEIVE 

Switches none, see MLX 

Jum2ers Crosspatch clock speed PC only 

PIN SPEED 
OUT 9 8 7 6 

0 • 0 0 0 1 12.5 MHz 
0 0 • 0 • 2 6.25 MHz 1 2 3 4 5 3 3.125 MHz 

4 1. 563 MHz 
Connect OUT to one of 5 781 KHz 
these pins for desired 6 391 KHz 
speed. 7 195 KHz 

8 98 KHz 
9 44 KHz 

Line Terminator Resisters 
Jumper when this MLR is at the end of the device cable. 
Located to left of R6, R7, R8 at lower left of board (PLC). 
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MLR Low Speed Modem Receiver (CONTINUED) BBN 

Socket 

3 Transmit Data 
4 Crosspatch 
5 Transmit Clock 
6 Receive Data 
7 Receive Clock 

Sheet 3 of 3 



Report No. 3004 Bolt Beranek and Newman Inc. 

MLR-10 ASSEMBLY DRAWING 

-





E IECN OO'tl llO.a.'Jt, 
F' IEC1tOlll lt11.1s 

~ G I E:N Oll<t ~ S.lS" 
ffECN01n l1us 

HIHOU ! 

(TYP) 

SH.MOTll ! 
COMPONENT SIDE 

1A·A1 
llN NO 497 

.00 .. ..001 THK MYL.AR SHEU 

c;~:. .. ~ 
""-aoARD 

l STlllP 01' DOUILE 
SIDED AOH!$1VI TAPE,USI: 
3M •410 TAPl:,88N NO 491 

L.W4n! 

0 ~ ""- Cl!iD ·~ 
~n• ca " c• c• ' :::: i ~.,.,,~'I a ~ ... 1&~·1 f .,.nft ~,.11':1 o ~ ,40;4 ~ ... .,r Io f .,.,:'j ~ f o• 

111•U" 111 
~ ce 

~ ~ro ~,ur~·1 ~a ~.,.,~~ ~ o ~,.:!, ~a ~, .. =1 ~ ~Rl 
A·A ~ c10 r • Cijii1 ("Uii1 ~ L'1i!l1 ~ a ~ r-«i'iilcu ~ Ciiiil 

-~. ~ ~ ~ ~ ~ ~ ~OL!!!!J ~·1 llt 114 c•• 
CIZ CIJ~ ~ 

~ ~...:!01 o ~.,.:J'I ~a ~,.~:'I ~ ~ ~ ~ c~ 
" ~ ~ c=:i 

g;J GrrJlrh.~:1 ~01&~ ... ~1 ~;~~ro.,~ ~ ~ 
~(~) ~ 
~ ~ w ~ ~ 
~ ~o ~ .. =1 ~a h.~:I ~a fn::1I ~ ... ,%r] ~ 

~ • :.c::>-e:~ ~AIO Ii C&S ~ Zet:B:aa ~R!i CH c::i. 

""" oni \ ~m~I ~ 1·'= I o ~,.:-1 f ,.~1 ~, •. ::1 ~ ~ 
0 ~ 

ML" 

SEil NOTE! 

COMPONENT VALUES 

CZ•C4,C6 ·Cl8 aC20·C25 • .1 mfd CERAMIC DISC 

Ct·Ctt • 220mf4•10 VOLT ELECTROLYTIC 

Rt,RJ,R4,R9•1KA· t/4W·IO-ir. 

R2,R6,"T,R8•t00.A. I 
lt5•33K 

Rl0•151< 

SHNOTa! 

NOTES 

Q_ NOTCH SHOWN IN BUG INDICATES 
D INSERTION DIRECTION. 

2 - USS, U45,U441 1UGS <}34!) ARI MOUNTED 
llt SOCKETS. 

3 - WIRE·WRAP JUMPER PINS('6 Pl.ACES). 

01. ZENER 01ooe, IH5242 

J3•H PINCONN,3429-1002 

J4•16 PIN DIP SOCKET 

4 - WITH TAPE ATTACHED TO MYLAR AS SHOWN,Sl.IDE MYLAR UNDER CONN 
UNTIL tTTOUCHU PINS(CONN), THEN PRESS TAPE EDGE AGAINST SOARD. 

~
--;~-~~-

. ::.--··-·····_, 

-··-"·'' ...... 
~.,,,. ·oRir ''71& 

·~~.~! -i .. ~h•/:it 
~~~: ~~'/?~ .. 

,.;-1· 
. --

MLR PC LAYOUT I• I 
!iSMIMf' MLR-1 &· p~ I I 

c·~·;, ·, _ ... 

,I', 

I 
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MLR-15-PC (STANDARD MOD) 

1) Refer to Fig. ! (component side, view of MLR) to identify 

the P.C. area effected. 

2) Refer to Fig. ~ (Solder side, view of MLR) to identify 

the P.C. area effected (all soldering to be done on this 

side) . 

3) The ground pins for the BDRs are pins 7 and 8. These are 

connected to the P.C. lands adjacent to the Board's 

System Logic Ground. The BDRs grounds should be connected 

by bridging the gap which separates the two lands (as 

shown in Fig. ~). 
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' FIG 1 
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G 
E 
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/Vl LR-15 - PC 
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BOTTOM EDGE_/ 

FIG2 
(SOLDER SlDE) 

i-- -------

-"~ 

:r 
N 
F 
I 

IZ Ti 8 
MAMiWi U 

I ~M#Df.t S 
~mw.~ 

.- .·._ · .. ,.:. ·--4 E 
.___L-: .'.·.:~:••ti D 
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TECHNICAL DESCRIPTION OF THE LOW-SPEED MODEM INTERFACE 

The low-speed modem interface is designed to communicate 

with the 303 modem at speeds of up to 250 Kb per second. A 

functional description is given elsewhere and should be read and 

·understood before attempting to read this document. The low

speed modem interface is made up o~ two cards: MLX, the transmit 

side, and MLR, the receive side. We will deal with the transmit 

side first. 

A block diagram of MLX is given in Figure 1 and shows which 

pieces are covered by each of the drawings in the MLX series. On 

the ~eft of this drawing is the ICM connector which connects to 

the DMA and to the MLR. All communications with MLX go through 

this connector. The only connections to the INFIBUS are the PCD 

pins which are simply used to jumper the precedence pulse through, 

and the negative 15-volt supply pin, in addition, of course, to 

the ground and +5 volt supplies. The data from the INFIBUS to be .. 

transmitted is received in BDRs on the MLR card and passed across 

the ICM to the MLX. 

MLX 24 

The data is received on the MLX in three 6-bit latches, 

type 74174, as shown on MLX24. Also latches in one of these 

74174s. is the end of block signal XEOBC, which is the transmit 

end of block (XEOB) f~om the DMA, and XLAST. XLAST is the output 

of a flip-flop which stores the last packet indicator (the least 

significant bit of the transmit start pointer). 
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Th~ 16 data bits from these latches are then fed to two 

74157 multiplexers, which select the left or right half-word to 

be fed to the 3341 FIFO buffers. The latched end of buffer 

indicator, XEOBB, is ANDed with XBYT2, a signal which is true when 

the second byte is being loaded, to make XEOB2, a last byte of 

packet indicator, which is presented to the control FIFO. 

The FIFOs are controlled by two sets of' two control lines, 

·one set for FIFO input and one set for FIFO output. Each set 

consists of a READY line from the FIFO, indicating that the FIFO 

is ready for the next transfer, and a SHIFT line driven to the 

FIFO, which commands the FIFO to shift in or out the next nibble. 

The three FIFOs (two data FIFOs and one control FIFO) are driven 

in parallel, to make, in effect, one 12-bit wide, 64-bit long 

FIFO~ To accomplish this, the ready lines are ANDed together 

to make an overall ready line: XIR for transmit input ready, XOR 

for transmit output ready. The three shift lines are driven in 

parallel from the same signal: XSI for transmit shift input, 

and XSO for transmit shift output. 

The two flip-flops and two AND gates at the top of MLX 24 

form the DMA data control machine. Transmit reset XRES causes 

the flop XREDF (transmit ready flop) to be set, indicating, as 

soon as transmit active comes true, that the transmit side is 

ready for data from the bus. When the data appears, as signified 

by the truth of XNOW, XREDF is cleared, and the data is loaded 

into the 74174 latches. Assuming the FIFOs are prepared to accept 

the data, the truth o~ XIR, combined with the falsity of transmit 

.ready flop, causes XSI to come true, shifting the first data 

byte into the FIFOs. As the FIFOs take this byte, XIR will be

come false. The trailing edge of XIR will cause XBYT2 to toggle, 

causing the 714157 multiplexers to switch to selecting the most 
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signifi~ant half-word. The trailing edge of XIR also causes the 

status of XBYT2 to be strobed in to the transmit ready flop. 

However, since XBYT2 was false, having been cleared by transmit 

reset, the transmit ready flop remains clear. 

As soon as this first data byte has vacated the first level 

of the FIFO, so 

XIR again comes 

~SI also becomes 

half-word of the 

that the FIFO is once 

true. Since transmit 

true, shifting in to 

first word. As soon 

again ready to accept data, 

ready flop is still false, 

the FIFO the most significant 

as the FIFO has accepted 

this byte, XIR again goes false. This strobes XBYT2 into XREDF, 

setting XREDF, indicating that the buffers are ready for the 

next data word. It also simultaneously clears XBYT2. When the 

next word arrives, as indicated by XNOW, XREDF is cleared, and 

the cycle repeats. This data control cycle will continue in

definitely, being stopped only by transmit active going false. 

The pseudo interruption control logic shown on the right 

side of MLX24 is prototypical of that in any DMA controlled 

device. Transmit active (XACTV) is set on the leading edge of 

the transmit start pulse, ·and is cleared by either a transmit 

reset, a transmit quit signal from the DMA, a transmit restart 

signal (being the writing of the transmit begin pointer), or a 

normal completion, being a transmit end of block signal from the 

DMA at XNOW time. 

When transmit active goes false, it causes transmit normal 

interrupt XNINT to go true, requesting a transmit pseudo interrupt. 

This flop is cleared by either master reset, transmit interrupt 

done, or transmit quit. It is explicitly not cleared by transmit 

reset, so that a program generated reset, if written while trans

mit is active, will cause a pseudo interrupt. ·This is to assure 

that one pseudo interrupt is returned for each buffer that the 

program gives the interface. 
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The quit interrupt flip-flop XQINT, at the lower right-hand 

corner of MLX24, is to provide a pseudo interrupt if a quit was 

encountered during a data cycle. If XACTV was true when XQUIT 

happened, the quit must have come on a data cycle, and the trans

mit quit interrupt flip-flop is set. The flop is cleared by 

either the transmit interrupt done or a transmit reset. Note 

that the quit in any case clears transmit active so that if a 

pseudo interrupt request is quit upon, X active will no longer 

be true, so that XQINT will not be set again. 

The one remaining flip-flop on MLX24 is the transmit error 

flip-flop in the upper left corner. This logic defines reading 

the pointer while transmit is active, or between a reset command 

and the following transmit start command as an error or exception 

condition. 

MLX23 Drawing MLX23 contains the transmit shift register, 

the control character insertion logic, and the DLE detection 

logic. 

The transmit shift register is made up of the two 4-bit 

shift registers, type 7495, at F2 and G2 shown on the right-hand 

side of MLX23. Data is loaded into these shift registers in 

parallel each eighth bit time as indicated by the signal XBIT8 

being true, and on successive bit times is shifted out the shift 

out data line SODAT. The data loaded into the shift register may 

either be the text data from the FIFO on lines XFDBO through 

XFDB7, for transmit FIFO data bit 0 through 7, or any one of the 

four control characters SYN DLE, STX, or ETX. The signal CXFSM 

for Clear Transmit Finite State Machine, indicates that the byte 

to go out on the line next, is a text byte, and therefore causes 

the FIFO data to be loaded into the shift register. 
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DLETX state means that the next character to be sent is an 

ETX and therefore causes the 200 bit, the 2 bit, and the 1 bit 

to be set, and the other bits cleared, at load time. SYNXM- is 

a signal which means that a SYN character is to be transmitted 

next. This signal is true when the FSM is in check character 3 

state (CC3XM), in which case the first SYN character is trans

mitted next, or from being in SYNlX state, in which case the 

~econd SYN character is to be transmitted next, or being in 

bLSYN state, in which case the protocol idle SYN character is to 

be transmitted next, or being in SYN2X state, and having no data 

available, as indicated by XORS (transmit output ready synchro

nized) being false. This signal explicitly causes the 4-bit and 

the 2-bits to be loaded as one and by not explicitly disabling 

the loading of the 20-bit also causes this bit to be loaded as 

one producing a SYN character code 26. 

DLSTX state indicates that an STX (character code 2) is 

to be sent next, and therefore causes the 2 bit to be loaded as 

one, and the other bits as zero. The loading of the 20 bit is a 

special case, due to the fact that most of the funny control 

states cause either a DLE or a SYN to be trans~itted, and both of 

these characters require the 20-bit to be set. The logic on the 

20-bit therefore causes the 20-bit to be set unless CXFSM is 

true, indicating that a text byte is to be transmitted, or DLETX 

is true, in which case ETX is to be transmitted next, or DLSTX 

is true, indicating that an STX is to be transmitted next, or 

NON03 is true. This last is an error condition, indicating that 

the finite state machine got into one of the three illegal states. 

In this case, after clearing the transmit check register to as

sure that an invalid checksum will be sent, a zero data byte is 

transmitted, followed by a standard end of packet sequence, fol

lowed by the now invalid checksum. The NON03 term on this gate 

is to permit transmission of the zero data byte. 
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The four gates in the lower left of drawing MLX 23 are the 

data DLE detector, simply watching the text bytes for data bit 4 

to be 1 while all the others are at zero. This condition causes 

DLEXD to come true. 

MLX22 Drawing MLX22 shows transmit finite state machine and 

control logic. A state diagram of this machine is given in 

Figure 2. 

The 74163 at the upper left corner of MLX22, is a modulo 8 

counter, implemented as a 4-bit counter synchronously parallel 

loaded with an 8 whenever the count gets to 15. This makes the 

signal XBIT8 come true for 1-bit time out of every 8. XBIT8 

ANDed with CLKO gives XSCLK-, a clock pulse one-half bit time 

wide· every character· time, which is used as the clock on the 

state counter 74163 in D5. At clock time, this counter can be 

either loaded, cleared, counted, or not counted. 

The not count condition is used in SYN2X state if no data 

is ready from the FIFO, to remain in SYN2X state, transmitting 

SYN characters. The state counter is synchronously cleared to 

enter or remain in message state, transmitting· text characters. 

The conditions for this are that data be available from the FIFO, 

~s indicated by XORS (transmit output ready synchronized), that 

there be no error or end of block condition, indicated by ERB-, 

and that we be in one of the states after which it is permissible 

to transmit a text character. These states are STXDL, the normal 

entrance to message state at the beginning of the message, DLDLE, 

indicating that the second DLE is being sent after discovering a 

DLE in the text string, SYNDL, indicating that the SYN character 

of a protocol idle sequence has been sent, or message state, but 

only if a text DLE character has not just been discovered. The 
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OR of these state conditions, CORLX (clear or load transmit 

Finite State Machine) causes the transmit finite state machine to 

be either cleared or loaded. If there has been no error or end 

of block indicator, and there is data available, as indicated by 

XORS, then the state counter is cleared and the text character is 

transmitted. Otherwise the state counter is loaded with either 

a 2 or a 4. The 4 is loaded on error or end.of block, causing 

the machine to step into DLETX state, preparatory for the end of 

packet sequence. A 2 is loaded if error or end of block is not 

true, but no data is available, causing the machine to step into 

DLSYN state, for the protocol idle sequence. The only condition 

under which the finite state machine is neither cleared nor 

loaded while in message state, is the case where a DLE has been 

discovered in the text string. In this case the machine counts 

to state 1, DLDLE state, to insert the doubling DLE. The 74154 

in E3 is a 4-bit decoder, and decodes the state of the machine. 

The 7474 in F5, drawn in the lower left hand area of MLX22, 

is used to capture and synchronize the state of the XOR, indicat

ing whether or not the FIFO's have text available for trans

mission. These flip-flops are clocked by the transmit clock 

signal CLKO. The first flop samples the XOR line on the leading 

edge of CLKO. The second samples that 1-bit time later, having 

allowed it time to settle. If this flip-flop is true at XBIT8 

time, and the finite state machine is prepared to send a text 

byte, as indicated by CSFSM, XSO (transmit shift output) is 

brought true to the FIFOs for 1-bit time, during which time the 

byte is loaded into the transmit shift register. At the same 

time, the end of block bit from the control FIFO is strobed into 

the 7474 in F6, giving XEOBB (transmit end of block buffered). 

This flop remains true until entering check· character 1 state. 
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XEOBB is then ORed with synchronized error signal to form ERB, 

the error or end of block signal used in controlling the finite 

state machine. The synchronized error signal, XERS, comes from 

a 7476, which is set by the trailing edge of a CLKO of XRESB 

(transmit reset buff~red) is set. It will remain set until the 

transmit finite state machine enters SYN2 state, the idle state. 

There is a potential race here, in that.XRESB may come true 

·just as entering or leaving SYN2 state. This is irrelevant 

however, since ERB is not used for many bit times thereafter, 

and will therefore be stable by the time it is used. It does 

not matter whether it stabilizes true or false, since the transmit 

reset is quite entitled to discard a packet, which is all that 

will occur if XERS is set. XRESB comes from the other half of the 

7476~ which is simpl~ used to latch the fact that a transmit re

set has occurred. This latch also is cleared by being in SYN2 

state. 

The flip-flop at the extreme lower left-hand corner of 

MLX22 is used to latch the DLE detection signal at the time a 

data byte is loaded into the transmit shift register, to cause 

the transmit finite state machine to step into the DLE doubling 

state DLDLE at the next byte time. 

The reset logic at the lower right-hand corner of MLX22 is 

used to clear the FIFO, the transmit check register and the trans

mit finite state machine. The FIFO requires a 400 nanosecond 

pulse to be cleared reliably; the one shot (74123) is used to gen

erate this pulse. This one shot is fired by MXRES (my transmit 

reset) which is generated either on a transmit reset, or being 

in NON03, the third illegal state. The output check register is 

cleared on either of these conditions, or on being in SYN2 state, 

i.e., just before the beginning of the packet. 
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MLX21 is a most uninteresting drawing which shows the switch

es required by the DMA. These switches are used to select PI 

address, device address, device characteristics, and transmit and 

receive PI levels. To the extent that the print is not self

explanatory, the modem functional spec and DMA functional spec 

should answer any questions. 

MLX20 shows the transmit check register and status bits, and 

the watchdog timer. The check register computes a 24-bit CRC 

checksum compatible with that used in the 316/516 series modem 

interfaces. The three 74164s form a 24-bit straight shift regis

ter. The two 74180 parity chips compute the exclusive OR of 

selected bits in these shift registers and the bit being trans

mitted. This exclusive OR bit is then fed back in to be the input 

to the shift registers. 

The output of a simulator of this check register is given in 

Appendix A. It shows the state of each of the 24 bits of the 

check register at each bit time during the transmission of a 

number of different 2-word messages. This might prove handy in 

debugging hard check register failures, but hopefully a problem 

could be localized to the check register by merely noting that 

the transmitted checksum was bad despite the transmitted data 

being correct, in which case trail replacement of the few bugs 

involved in the check register would probably be the easiest way 

to diagnose the failure. 

When the checksum is not actually being transmitted, as 

indicated by the level SNDCK- being true, a data bit presented 

at the input to the exclusive OR gate is in fact the inverse to 

the data bit being shifted out, due to the fact that the 7400 

which produces XDNSC (transmit data not send check) inverts the 
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data presented to it. To overcome this problem, SNDCK- itself 

is presented at another input to the exclusive OR network. This 

has the effect of inverting the sense of the exclusive OR when 
this signal is true, that is when data is being shifted out, but 

not inverting it when the checksum itself is being transmitted. 

The remaining logic at the top of MLX20 is used to select . 
either the shift-out data or the checksum itself, to be presented 

-to the MLR through the ICM as OUDAT, the output data. The flip

flop at the upper left of MLX20, XZRCK, is used to record the 

MLX as being in a "send 0 checksum" state, in which case the 

check register is always held to zero, and by sending appropriate 

data, the receive check register can be tested . 

. Appendix B lists various two-word patterns which will pro

duce a single bit in error in the receive checksum, when the 

transmitted checksum is zero, as well as a pattern which will 

produce a correct checksum when the transmitted checksum is zero. 

The logic on the left-hand side of MLX20 is used to present 

the various status bits to the DMA, as described in the modem 

functional spec and the DMA functional spec. The 74123 at the 

extreme right-hand side of MLX20 is the watchdog timer. With 

its 30K resistor and its 100 microfared capacitor, it renders 

the signal WDTOK true if the transmit status word has been written 

any time within the last second. This retriggerable one-shot is 

fired by XSTB, the transmit write status line from the DMA. This 

concludes the discussion of MLX. 
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Report No. 3004 Bolt Beranek and Newman Inc. 

MLX-02 LOGIC DESCRIPTION - APPENDIX A 

02~ 

0 0 fi 2 ~Hrn ~ fH1 3000C000 ~HHHJ 0 C.Hrn 
0 0 f: 0 ~HJ0 V1 0 ~ 30000000 0000000{il 
0 0 0 tHrn 0 i ~rn CH.HH'10000 00000~00 
0 - 0 ~(1000 0 ~fl) 000000(3'3 00000000 
1 1 g ~.H:. CHH~ cm C!HJ0000C1 000000;)0 

" z 1e2000r,M 0000003C 00030030 
0 1 0 HHrn000 '3000C.HHrn 00030000 
0 0 101'.HH.Hrn 00~HHHHrn 00000000 

602 

0 1 010100r.rn '1~~"0002' 00000000 
1 1 10H1100i~ ~Hrn r-10 ~ v.rn 00000!?20 
0 1 1 l0HJ1ri0 0 0 vHH-H3 0 0 C10000MH3 
0 1 1 ·i H11o10 00~HHH303 0000000/J 
0 0 11110101 0C0~0C3?. 0002'0CZ0 
0 ~ 01111013 101Hrn00a 007J~0Z0C1 Ill 0 0 00111101 ~ 1 QHrn000 00000000 
0 1 ~rn~1111~ 101 ~CHHH3 00000000 

002-

0 1 1~001111 01~10CH1" ei f-HHrn 0 i1 0 
0 .!'j 1H~0f:1111 1n101000 ~0000020 
0 0 01100(111 11310100 0vH3Ql0000 
0 1 0011CH101 11:; 010 ., 0 ~0000000 
0 1 1~011 ?i;:J3 111H~101 ~0000000 
0 0 110z110~ 01°111'1H1 1e000c00 
0 1 01100110 0c;,·111101 01000C00 

" 0 H~ 1HHJ11 000111-:0 10100000 

000 

0 " 0iG11t101 1~Z('I11 11 010 HHHrn 

" 1 0010110~ 11000111 1010Hrn0 

" 0 1?101011~ ~ 11{rn0 I 1 11010100 
'3 0 ~) I?~ 10 11 0 C-i °110 0 01 111"31010 
0 0 (H110 0 1r.i1 Hrn11000 11110101 

Sheet 14 of 26 



0 0 0001001~ 110'31100 01111r~10 
0 0 0iCe010~1 011001 ·,c 210111H11 

" 1 000001~a 10110011 00011110 

000 

0 0 1~00001e ~1011001 10001111 
0 1 0 i(!.000Z1 00101100 1HHJ0111 
0 1 10 HH?J00~1 1001'31H, 01100Z11 

" 1 1 ·j 0 1 0 e. ~ (1 ~1001011 0Ci 110001 
0 " 1i1Z100~ 001'10101 10011000 
0 0 (~111012('1 000100~0 11'H11100 
0 1 001110H1 0 CH1'3 1 0 0 1 01100110 

" 1 HHJ11101 CHHH30100 101Hrn11 

00" 

0 0 1i!'!0111!3 1000 0 0 ·10 01011001 
0 0 ti"1100111 010CHHH31 00101100 

" 1 001H:H111 101c000e H30H1110 
0 ~ 1re1H101 11010000 01301011 
0 ~ r;c~1100 11101000 00.HH3101 
0 ~ 0/JH~011~ 011101'30 00010010 

" 0 0C?:HH111 00111~10 "3?o01001 
0 1 r:rnr.e.1001 10011101 Cl~0CC 100 

02~ 

0 0 1~030100. 1Hrn11Hj 10000~10 
0 0 0 i03001z ~11~0111 01030031 
0 1 0·e HJ00?i 1 ~0110011 10 HH3000 

" 0 1 ;~ '3 1 0 0 ~rn 10~11001 110Hrn00 
1 1 0: '-rn H''rn CHW110'3 1}1010(H3 
c 0 h113010~ e01 cm i H~ 01110100 
0 0 01010e1c '1C31e.C 1 1 'rn111010 
'3 0 (H?.101001 ~00ri1001 10311101 

203 

1 0 0c=:ri10100 10~30100 11001110 
1 1 r, z 0 0 10 1 "~ 0 HHHHJ ·1 e ~1100111 

" 0 10r:.1001~1 0 o 1 <rn rm 1 00110011 
0 1 010MrnHI 100100~V.i 10011001 
0 1 1~~10 0 ~ 01 0103 HH10 01'301100 

" 0 11010000 1~10010~i 00100110 

C::hoct- l~ rd"' ?k 



0 0 
1 1 

0 0 

" ~ 
0 0 
0 1 
(f 0 
0 1 
0 , 
" 1 

" 0 
0 1 
0 1 
0 1 
0 0 

" 1 
0 0 
0 1 

0 1 
0 1 
0 1 
0 0 
0 0 
0 1 
0 0 
'1 1 

01101~07' 

C1:C31"1010G 

H•r.11010 
0101.111"1 
~~~10011~ 

000HH'l11 
fl'00~1C101 
~00.001 r1~ 
f.0000'~ 1 ~ 
~0000001 

~0"rn~rn0~ 
00(10000(1 
000300~.rn 
~~ z ~ ~ ~rn ~rn 
0 ;.30 000t~ 0 
~;}0003~~ 

00CCC0r;tJ 
0020000~ 

iH; ~H.~ 3 (1 ~ 0 
0~0n00~rn 
r. ~~ :'.H~ ~H1 Pi 3 
VJ037J00~rn 
~~200030~ 
fj ~ z 0 ~ ~ (1 ~~ 

000 00?0 ~~ 
G00000~rn 

~101~3'i0 

00101001 

00eJ10100 
000010~0 
10000101 
~i@rrn0 iei 
101'HH301 
11010000 
01101000 
001Hi100 

100110H1 
G HHf1101 
001~0110 
00010V111 
0(H.HJ1001 
rrn000103 
0 v.rn '1 z ~ ·: ~ 
e00crn001 

0C20~Hrn0 

00000000 
rm ei cm rm 0 
0!'1~00000 
00.0'3~1003 
0000300~, 

vHHJ0~J00~ 
~0003000 

02H~10011 
00~01001 

HH300100 
01000010 
00100001 
1CH)j10e:0~ 

01031000 
10100100 
0101001~ 

00101001 

00010100 
0er.H11e10 
10000101 
010002110 
10100001 
11010~00 

0 11~~10 0 0 
031~010C 

10011?:10 
0Hrn1101 
001001HJ 
0~010211 
!!:0001001 
00000Hrn 
003Vj0010 
0rHHrn0 01 

DATA 020 ~02 223 371 375 0~0 020 203 
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020 

0 0 0 2H'.H.H1 ~~ (-H~ "''H~000C0 0?i0~0CHH3 
c ~ 0?.!300000 0~HHHHrn0 et03033~0 
0 0 01300000(1 0 0 0~.Hi10 c.rn 00000000 
0 0 00000000. 00000000 ~HrnCHHHrn 
1 1 v10~00'10?. 0000C'.J00l} 00000000 
0 0 12!00000?1 0000'1000 00000v.!00 

" 1 t~ i 00003~ A0~rn0000 ee000v.rn0 
0 0 iZ10000~ 00000000 00000:Hrn 

002 

0 1 01010000 003C~03C 0 0 fHHHHrn 
1 1 1~101007; CHJ000000 0000003'3 
0 1 110101w~ "0000000 f10000000 
0 1 111~101~ 00200000 0Z000000 

" 0 11110101 ~HHHHH100 000(30000 
0 0 0111101[1 HHHHHH10 000000"0 

" 0 00111101 0100ti1000 00030000 
0 1 0e01111~ 1~10~rn00 00000000 

·223 

1 0 10~31111 01010,H10 000000~0 
1 1 Oi000i11 1"1101000 00000000 
0 1 H''100011 -110 H110 0 00000~00 
0 0 1i0HHJ~1 1110ir.1H~ (H!r-100200 
1 1 0 113100t~ 11110101 ~0000000 
0 1 131101 ?,?; ~11·11010 10000200 
0 1 1 i01101C ~0111101 01000C00 
1 0 111f.11101 0a011i H1 10100000 

371 

1 ~ 011101HJ 100'11111 01010000 
0 1 00111011 0100Z111 1~1~1000 
0 1 1Q?;11101 1f11000i1 11010100 
1 ~ 1 ·10011 ir1 11~HHH11 1"11'1,z1 0 
1 1 Oti00111 01101000 11110HJ1 
1 1 10110011 10110100 01111010 
1 0 1HJ11001 11011010 00111101 
1 0 0110110~ ·, 1 ·1 (3 ., 1(11 0001111"1 

375 
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1 1 0.0110110 ~111'1110 10001111 
0 1 10011~11 . 0C111011 01~Z0111 
1 c;, 1H1r11101 10011101 10HH3011 
1 ~ Eq H10110 110011rn 11010001 
1 1 V!rJ11(2l~11 01100111 0'1101000 
1 , 10011001 10110011 10110100 
1 0 1~00110~ ·11011001 11;311010 
1 1 0110011?1 Vl1101100 111~1101 

000 

0 - ~ 1z110011 0!:1°1101HJ 01110110 
0 0 f1'1(~11r7101 1001H.i11 00111011 
0 0 6210110~ 11001101 10011101 
0 0 r.~010110 0110r11 rn 11001110 
0 0 03Z~J1011 00110(111 01100111 
0 0 ~~ 0 ~.HH11 0 1 10011001 101HH111 
0 0 ~rn00001 V1 11~"'1100 11Z11001 
0 0 0 0 ~HHH.1 Z 1 01100110 01101100 

020 

0 0 0~'.:}(300.~~ 1~1100 ·; 1 00110110 
0 r. r" ~~ r:' r1 ~ 0 0 ~ v.iH'l11~01 10~11011 

0 !!, ~! ;~ 0 C1 0 0 ('i :;~ "10101100 11~01101 
0 ~ 0000~0rrn 0001Vi1 l0 ~1100110 
1 0 ~~000%H!-0~ 0~001011 00110011 
0 ·0 k~ c~ ~1 o 0 ~~ n r~ .0'1000101 1001H301 

" 0 f:~ u ~~ o 0 ~ e ;, 000~001[1 11001100 
0 0 0r~0fHH1W1 0~~HHHH31 01HH'.'110 

2~3 

1 0 000000~0 ~HHrnrHHJ0 1~110Z11 
1 0 ezrrnrH~~0 0~.HH.10000 010110k(J1 

" 0 00000000 ~000(HJ00 00'i01Hrn 
0 0 P.Z0'300Crn 0(HJ0~000 00010110 
0 0 f!WOV.H.H100 B0£HH1f:HJ0 00001011 
0 0 0~?-00003~ (HHHHH10l~ 00fHrn1C11 

" 0 00"00~2~ 0000M100 00000010 
1 0 0 ~A. ~.rn 0 ~ 0 ~':j 00000003 00033001 
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0 0 Pif ~ ~rn 0 ~H1 0~0crn000 v.H.Hrn ~ 0 z 0 

" 0 0 0 ;J 0 0 0 ~H1 0000!?H500 00000000 
c 0 00CG!'H300 ~H.'!0CHHH10 0~000030 

" '1 ~t.CN~0000 000fHJ03~ 0C.HHHHH10 
0 0 ("!~0~00~rn 0tH1,H10 0 0 0000crn00 
0 

"' 'H~ 0 0 0 " cm 0~0000CH1 t'l000(:H~00 
0 ~ 0ce00~00 CHHrnez. 0 0 EHHHHHHJ0 

0 0 0~!-030~00 00000000 ~(H'HHHJ30 

0 - C?J 00C3030V1 0000030~ 000!.rne00 
0 0 0003000r1 ~HH!H30000 00000~30 
0 0 00000000 0000~Hrn~ 00000030 
c 0 v.2000000 00fHHHHrn 00fHHrn3 0 
~ 0 0;rn00i~3 '1 fH1 tiHJ0 Z 0 00000000 
0 0 0Mrn0e~rn 000C-HJ000 00000020 
0 0 0 ~~ 0 B 0 f10 ~ 00000000 00000000 

0 0 0vHrn000~ CH30CHH30 0 00000C.00 
0 0 ~ ... ~8002 ~0 03~00000 00Z00CC3 
0 0 [!! ;:, 0 z 0 0 0 0 0CH.HHHJC3 0Z~00023 
~1 0 0 ~~ QViH3 2 (rn ~'"100000~ 0z0000;;0 
0 "' 0 ~:-00 0 e. ~w 0r·rn0ee(:3Vj 032~02Z0 
0 0 n:~e002on 00000000 00'-"rnfrnz0 
a ·0 ~?00001-Hl -~HHrnoc0 0 00000002 
0 f) 0 ~rn z fH'.r r;rn 0000CHH:1j 00000020 

DATA 022 002 221 024 342 000 02~ 203 

'32 0 

0 CJ 0 ~i 0 3 0 0 ~rn Or100vH300 00c0or.2;-, 

" 0 G2030000 000000~~ 0 ~Hrn 0 Z 2 3 
e 0 000~Hrn~rn 00ecrn~H~0 ~rnae0rz0 

" 0 000:J~Hl?iO 0(HHHHHHJ 000~0000 
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1 1 ~·~~ z 0 0 ;, 0 ~ ~HHHrn 0 0 2' 0:10(.'10000 

" 0 1~~00003 ~0C~HJ0~0 00CHHHH10 
0 1 0: C~HHHrn 0fHH10D00 00000000 

" 0 1010000~ 0f..HHHHH30 00000000 

002 

'3 1 010 HH"rn 0!H.'100000 e2rn000z0 
1 1 10101000 00~HHHHH~ '30~00000 

0 1 11010100 CHHHHH?J00 03000'100 
0 - 1 11101~10 00000000 03000000 
0 0 1 1 1 1 0 1 ?i 1 0cHrn~rn00 ~0000000 

0 0 0111101'1 10MHHHHi 03000030 
0 0 r '.3 1 1 11 V11 0HHHHrn0 0000fHH50 
0 1 e~011110 1r1100C00 00000CU3 

221 

1 0 H1031111 010HHrn0 ~0~H30000 
0 0 01~00111 10101000 000000.00 
0 1 0 ~, 1 ?i ~HH 1 11010100 00002020 
0 1 1J0100~1 1110·1010 0i000c00 
1 1 1 :00100~1 11°1HJ101 00003000 
0 V1 Ii i801(:U t:11'111010 100~C'.HViJ3 

c 1 Gi110C1c 0C1111101 0100002~ -1 1 H'\11 i 21Z1 000111rn 10100000 

0 2 Ll 

0 1 1131110~1 HHHJ11;1 2101000(3 
0 1 1112111~-,, 01000111 12H11003 
1 0 11110111 001000'11 110101'30 
0 1 t1i111~11 10310001 11101010 
1 1 10111101 1Hrn1000 11110101 
0 ~ 1101111('1 ·11100100 01111010 
0 1 e1HJ1111 01°11001'"1 0 t1111101 

" 0 10110111 10111001 00011110 

342 

0 1 0H311011 11"511100 12201111 
1 1 10101101 111,i(1110 01000111 
0 0 1 ·1010 110 1111;i1·11 00HHH'11 
(3 0 r~1101ei11 011110'i1 1301~Ct11 

" 0 l~ ~~ 110 10 1 101111~1 11001000 
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1 1 00011010 11011110 11HJ0100 
1 0 1':1031101 0i101111 01110310 
1 1 l~ HHH11 H1 H111~1'i1 1011H~01 

0e0 

0 ~ 10H:i0011 010110·11 11'011100 
0 1 0·10Hrn01 10101·101 11101110 
0 1 10H1100~ 1101~110 1 1 1 1 0 1 1 1 
0 .0 1 ·1 v; 1 0 1 ~rn 01101011 " 1 1 1 1 0 1 1 
0 - 1 0 ·1101010 fHJ110101 10111101 
0 0 10110~~1 00011010 11011i10 
0 0 r.101101~ 1~001 H31 01101111 

" 0 00101101 0HH301"0 101H~111 

020 

0 0 00010110 .HJ100011 0101H~11 
0 0 0~H~ Z 1011 01010001 10101101 
0 0 l?000Z101 1~101000 11010110 
0 0 0000001f1 11010100 01101~11 
1 fl! r10 z 3 0 0 '3 1 01101010 00110101 t.J 

0 0 f'~10z00~~ 10110101 0001i0i3 
0 0 ~ 30?i g ~~ w~ 01011010 10001101 
0 r1 ~ Hrn ~ 0 f1 0 ~' 00101·101 01000'110 

203 

1 0 r0 0 e ~Hrn 0 Vi 0001(1110 101tH3C11 
1 0 ~000000(1 00001011 01010~01 
0 ~' 000i000n 0!HiHJ0101 10101C30 
0 0 l~00?i00?,3 00000~ 'l k'.j 110101'30 
0 ~ ('; ~) ~'.L".HW 0 J ~HHH3frn ~ 1 0110H~10 
0 21 (1 0 0 li 0 7i 0 11 002102000 10112131 
0 0 000000vrn 00000003 0 1 0 1 1 Z: ., 2 
1 0 000000(3('1 ~HJ 0 0 C,Hrn 3 00101101 

0 0 ~10000000 fHHHHH100 0~010110 
0 P,I {~'~0~000~1 "100~0000 00~31C11 
0 0 f1 0 ~ 0 0 3 r. 0 GO~HHrn00 00033131 
0 0 0 ~~ 0 r-J0 0 ('; r: 00~HH100 VJ 2'0(H10C 10 
0 1 f} (1 0 0 f'HJ 0 0 OCHHHHrn0 fH'IC~CZ~1 
0 0 ~, ~1e0 c n 0 n CHHHH30CHj ~~000~rn0 
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0 0 
0 B 

0 " 0 ~ 
0 0 
0 0 
0 0 
0 - 0 
0 0 
0 0 

0 0 
0 0 
0 (J 

~ 

0 0 
0 0 
0 0 
0 0 
0 0 

00?00~~0 
~! lJ ~HHH1 vrn 

00000!~00 

0~~200003 
00DfHH1~f1 
lHrn r-rn 0 ~H,, 
0~:00000a 
00~rn0~0:'.l 
~0ZZ0 0t1C 
EHrn r;rn o 0 z. 

n.00000~rn 
0~1e00~~rn 

0C"0~HH303 

~HHHH1000 
r.r~~rnew03 
0(~200000 
r,1~1~3 ~1e~"0 
r.~ t tt 0 0 e z ri 

CHHH"3~00 
"1~HHHHrn0 

"H~"' 0 e ~Hrn 
(HH1~H~000 

0CHH3~00~ 
~HH.Hrn000 

V.HHHHHH3~ 
~!HHHHHH'.J 
00003000 
00000000 

0~HHHHHrn 
0E100~HHH~ 
0r~~0~rncrn 

00000030 
~ri~rnrHHH:1 
CH100000fl 
00~H.HHH10 
00000000 

0000000eJ 
00000000 

00000000 
021000000 
000!'HH100 
00000000 
00000000 
00000000 
00000000 
021000000 

00000000 
00000000 
0~000000 

~rn000000 
000VJfHHrn 
03000000 
00000022 
00~0CC00 

DATA 020 002 363 3U6 154 000 020 203 

020 

0 0 0 ~1 z ~Hrn rm ~00C:H~000 03000300 
0 0 Vi ~HH10 3 0 7i (10000000 00000000 

'"' 
~ !Mf 0 {Hrn 0 /1 ~HHHH~0CH1 00000000 

0 (.J '~ ~ 0 ~~ 0 (j 0 ~-1 0000C-HH10 00000000 
·1 1 r. '.:rn 0 0 0 0 ri 00 0 0C10 00 00000f100 
0 0 1'10G0 ~10 ~~ 9H?l20000(f. 00000(100 
0 1 0 · 0~rn~w.~ 30CHJ0000 0!:HH30000 
0 0 1 r! 1 C1 0 0 0 ~·1 000200.00 ~00~0000 

Ill 
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002 

0 1 0 10 HHHrn 00000000 00z00vHrn 
1 1 h:101~vrn 0fHHHH100 000[H.1000 
0 1 1 i010100 ·rHHH1fHH10 0~000000 
0 , 1 ·1 HJ H'10 00000000 00~30300 
0 0 11110101 0000fH100 0~000000 
0 0. 0111101'3 1 r.t~HHHrn0 0~.H~C0000 
0 0 00111101 0100CHHH1 00000000 
0 1 00011110 10100000 00000000 

363 

1 e 1'1001111 01e11e000 0e000e00 
1 1 010z0111 1~1~1000 30fHHH100. 
0 1 101;32011 1101~100 000.0030'1 
0 B 110HHH31 111~10H1 0vrn0020e 
1 1 0110103~ 11110101 e0Z00000 
1 ~ 101101?;3 e11110rn 1~Z0300r:J 
1 0 0:011010 00111101 010rrn000 
1 1 H010110! !'100111 i0 10100~H~0 

346 

0 0 H<010110 10 ~ 3:; 1 ·1 1 ~1010200 
1 . 1 ~1;~01011 0103r: 1 11 101~,~~rn 
1 0. 1010Z1?i1 10100011 11010100 
0 1 V: I 010 3 H1 11210001 111~1010 
0 1 : 31!7iH101 011v(H~0 0 1 1 , 1 0 1 0 1 
1 1 1 ·10101¥~'1 10110100 01111010 
1 0 1 1 1 0 1 0 1 ?I 0 1 21110 ., 0 00111101 
1 1 0 ·1 110 1 01 0r11c1101 00011110 

154 

0 0 1Z11101G 1001~110 100C31111 
0 0 eH7:11101 t31001011 01000111 
1 0 ~,e101110 10HH1HJ1 H31ezr11 
1 0 0 ~1f10 111 010H~C1H3 11010201 
0 1 i!i (1 ?i 0 1 0 1 1 10101001 01101300 
1 1 10c001~1 1101010.0 101101(10 
1 0 1 Hrn0c11 ~ 11101010 01011010 
0 1 01100001 0 1 1 1 CJ 1 0 1 0r1101101 

~rm 
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0 1 . 1.0 1 Hrn ~rn 1~1110H'J Hrn.10110 
0 ~ 11e.1100a 0101i101 01~01011 

0 1 li111~11!1JO ~01~1112 10HH1101 
0 1 1l11101Hl 0~~1f1111 01~HJ~10· 
1' 0 11011011 ~~10010~ 1 1010HHl1 
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MLX-02 LOGIC DESCRIPTION - APPENDIX B 

40000000 100111010110101110000011 271 32G 301 DGB9 ooc1 
2·0000000 011000000111011111000111 OOG 35G )LI 3 ET~OG oo"1n 
10000000 1000111101100100111011~0 361 04G 167 26F1 0077 
04000000 010001000110100100011101 Olt 2 22G 270 9G22 oonn 
02000000 100100111010110101100110 311 2G5 1 LI G I35C~ OOGG 
01000000 011111011111101000001101 27G 137 2GO 5FDE OOBO 
00400000 111000001000101101000110 007 321 142 0107 OOG2 
00200000 100110111011011001001101 331 155 2G2 GDD9 00B2 
00100000 001110010011100001100111 234 031J 34G 1C9C OOE() 
00040000 001111011111101110101110 274 337 165 DFBC 007~ 
00020000 001101000111110000111100 054 076 074 3E2C 003C 
00010000 011100111000011100100100 31G 341 044 E1CE 002!& 
00004000 101010001000010100101000 025 241 024 A115 0014 
00002000 010111110101111010101101 372 172 2G5 7APA 00l35 
00001000 111100010011011000111010 217 154 134 6C8F oosc 
00000400 111011000011100010001001 067 0 3Li 221 1C37 0091 
00000200 110101100010010111101111 153 24 ll 3G7 A46B 00P7 
00000100 101000100001111100100011 105 370 304 F845 00C4 
00000040 000111101001111010000111 170 171 341 7978 00E1 
00000020 001001100100001001010010 14 Li 102 112 4264 OOltA 

Ill 00000010 000000110000111111000100 300 3GO 043 FOCO 0023 
0000000 lt 010010011001010011101000 222 051 027 2992 0017 
00000002 110111001010001010110000 073 105 015 453B OOOD 
00000001 111000111110010110100001 307 247 205 A7C7 0085 
00000000 110010011001111110111111 223 371 375 F993 OOFD 
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MLX-10 Assembly Drawing 
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Report No. 3004 Bolt Beranek and Newman Inc. 

PAR LOGIC DESCRIPTION 

The I/O Parity (PAR) card generates address-XOR-data parity 
for references to the I/O bus; operation is straightforward as 
described below. The following discussion assumes jumpering for 
recognition of I/O addresses only. 

Parity Generation (PAR21) 

The parity network is constantly calculating proper parity 
based on the current state of address lines 0 through 19, data 
lines 0 through 15 and the BYTE control line on the bus. When 
the address is FCOOO or higher, this network drives the PBHI and 
PBLO bus lines. The nine-wide 74S280 parity tree is used in such 
a way that the slower 74180 can be substituted directly with the 
appropriate jumper configuration in the control circuitry. This 
is done by using the 74180 cascade input as the ninth data input. 
Since the value of address bit 0 for the high order byte is zero, 
the sense of the·high order parity is inverted. Data parity also 
includes address bit 1. Low order data parity is XORed with the 
inverted value of bit 0 in byte mode to reflect the fact that 
byte data appears in the low order (bits 0-7) byte position and 
high order (bits 8-15) position -- data and parity are ignored. 
Where word data would have address bit 0 equal to one, data for 
only the low order byte will have this value in byte mode, so the 
inverted ADROO is gated with BYTER (BYTE from the INFIBUS) to 
preserve consistency. 

The two address components (bits 2 through 19) are XORed 
together and the result XORed with the high order data parity and 
the low order data parity modified as described above. The two 
resulting outputs, PBHID- and PBLOD-, input directly to the bus 
drivers for PBHI and PBLO. The parity networks are configured to 
produce even parity for the parity line, the data byte, address 
bits 1 through 19 and the explicit (in byte mode) or implied (in 
word mode) value of address bit 0. 

Control (PAR20l 

There are two different implementations of parity: 1) the 
data source always generates parity (write source 
generate-classical), 2) the data source always checks parity 
(write source check-feedback). 
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In the first case it is sufficient to always calculate 
parity and drive the I/O bus parity lines as appropriate to the 
observed data. In this case, no control function is needed, 
since the source bus coupler can use or not use the available 
parity signals as required. Parity is available at the bus 
coupler sometime after data, due to calculation propagation 
delays. 

The second case, parity for read data, available at the bus 
coupler after calculation propagation delay, presents no 
particular problem. However, write data parity must be 
calculated before it can be passed to the source bus coupler for 
checking; this requires suspension of write to the I/O bus, using 
the HOLD line, to allow for the calculation delay. On reads from 
the I/O bus and reads or writes originating on the I/O bus, the 
control, delay should be minimized to shorten cycle time as much 
as possible. The control circuitry used to achieve this is 
described below. 

There are three possible causes for STRB to be asserted on 
the I/O bus: 1) read or write initiated to a different bus by a 
device on the I/O bus, 2) read from the I/O bus, 3) write to the 
I/O bus. In all cases, the assertion of MRES or the negation of 
ST~B (STRB+) direct set HOLDD, a cross coupled Schottky flop for 
maximum speed. 

For a reference initiated on the I/O bus to an address off 
the bus, address lines 14 through 19 on the bus will not all be 
true, so ADRIT is false, STRAD direct clears HOLDD. This negates 
HOLD on the bus, allowing the reference to proceed. 

Prior to a read from the I/O bus, address lines 14 through 
19 will be true on the bus, but the RITE line on the bus will be 
false. This will cause ADRIT to be false and, when STRB is 
asserted on the bus the state of STRBE, ADRIT, and HOLDD allows 
STRAD to direct clear HOLDD. This negates HOLD on the bus, 
allowing the I/O device to be referenced. After the data is 
presented, as signaled by DONE, good parity will be available on 
the bus when the parity network propagation time has elapsed. 

Shortly before STRB is asserted on the bus from a write to 
the bus, the RITE line and address lines 14 through 19 on the bus 
will be asserted. ADRIT is then true when STRBR comes true. The 
assertion of STRAD is blocked by ADRIT and HOLDD remains set, 
causing the HOLD line on the bus to be asserted. When STRBD 
comes true a gate delay later, WRADS is asserted, firing DELAY 
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(45ns). The delays in this path allow for propagation through 
the parity networks. For the Schottky 74S280, two gate delays 
(SHDLY, CLHLZ) are sufficient, but for the 74180 the longer delay 
introduced by an additional 74123 (CLHLX-) is requi~ed. In the 
first case, CLHLZ is tied to CLHLD to direct clear HOLDD, 
shutting off HOLD on the bus. In the second case, the trailing 
edge of DELAY fires CLHLX which, tied to CLHLD, clears HOLDD. 
Since bus HOLD is now false, the addressed device accepts the 
data and returns DONE. 

A separate 6-bit address recognizer enables the parity bits 
on the bus only in the presence of an I/O bus address. This 
allows combined memory on I/O buses. 

Control jumpering and timing are summarized below. 

Switches (PAR20) 

Four switches drive any of the high order address lines 
directly for test purposes and for single bus machines. 

Jumpers (PAR20) 

For write source checking, the HOLD function is enabled by 
connecting jumper pins 1 and 16. 

When using the non Schottky 74180 parity tree, the proper 
delay path is enabled by connecting jumper pins 2 and 3 and 14 
and 15. Using the Schottky 74S280, the proper path is enabled by 
connecting pins 3 and 4 and 13 and 14. 

Jumpering to recognize all addresses allows use of this card 
for test purposes. Normal jumpering for I/O addresses drives the 
parity BDR strobe on recognition of an I/O address (G4-5 to 
G4-12) and fires the write delay chain when an I/O write is 
recognized (G4-6 to G4-11). Test jumpering sends parity to the 
bus continuously and fires the write delay chain on all writes 
(G4-6 to G4-10). 

The jumpering option to generate always, except on memory 
reads, sends parity to the bus on all accesses, except memory 
reads (G4-5 to G4-7), and fires the write delay chain on all 
writes (G4-6 to G4-10). 
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Table 1 - Parity Card Propagation Delays 

1. WRITE (write source 
check only) 

control path delay typical 

parity path delay maximum 

safety margin typical 
minimum 

This margin may be increased 
by increasing delay. 

2. READ 

parity path delay maximum 

DONE driver-receiver pair 
delay minimum 

required bus coupler delay 
minimum 

3. Reference from the I/O bus 
(write source check only) 

Control path delay maximum 

Standard 

196.0 ns 

166.5 ns 

29.5 ns 

156.5 ns 

25.0 ns 

1 31 • 5 ns 

85 ns 

Schottky 

141 ns 

112 ns 

29 ns 

102 ns 

25 ns 

77 ns 

85 ns 

Times are based on inputs to drivers and outputs from receivers 
and assume one gate access time for the I/O slave. 

Sheet 5 of 5 



FIGlllff 5_ 

APPLICATION REVISION 

NEXT ASSY USED ON LTR DESCRIPTION DATE APPROVED 

&'-3C>-74 
f3 'ECN 011.B_ 

.-

II I 111 II I II I 11 IT fl TT I I l II 
RECORD OF RE\11 SION STATUS OF EACH SHEET 

Bolt Beranek and Newman Inc. 
Cambridge Massachusetts 

7 DRAWING TITLE 

CHECKER 
PAR TECHNICAL "REF 

ENGINEER 1( / &/7~ ~ 
APP'D FOR Rflf /~- .. ::'\ SIZE 

'''bfi{o~ A 
APP'D (CUSTOMER) 1----L------""'-------------I 

}REV B I SHEET I OF 2 

CODE IDENT NO. DRAWING NO. 

PAR-:J5 
SCALE 





PAR. 

Status 

w 

R 

Switches 

Jumpers 

I/O BUS PARITY 

address none 

Set Bus Address Lines 

I ~ I ~ I ~ I ~ I x I x I x I x I 

Parity Tree Type (B2, B3, E2, F2) 

FROM G4-3 G4-14 

TYPE TO TO 

74180 G4-2 G4-15 

74 8280 G4-4 G4-13 

Write Source Check (Feedback) 

Connect G4-l to G4-16 

Address Recognition 

From G4-5 G4-6 

to to 

I/O only G4-12 G4-ll 

ALL -- G4-10 

ALL EXCEPT G4-7 G4-10 MEMORY READ 

BBN 

Sheet 2 of 2 





FJmJHE ri 
APPLICATION REVISION 

NEXT ASSY USED ON l TR DESCRIPTION DATE APPROVED 

?-30-74-

B ECN 01/fi_ 12-17· 7!1 

.-

l l ] ] l 1 l ] l ] 1 l 1 1 l l l l ] J l l J l l 
RECORD OF REVISION STATUS OF EACH SHEET 

CONTRACT NO: I ~ 
--D-RA-F-TS-MA_N ____ --41 =a :)J a 1 Bolt Beranek and Newman Inc. 

Cambridge Massachusetts 

CHECKER 

ENGINEER 1i11· ;/(• f-: ,1"7\ 
~ .i: .. ., r· l;L 

APP'D FIOR, REL ~~ 
I 1~7G ~A~ 

APP'D (CUSTOMER) 

DRAWING TITLE 

PAR STANDARD MODI Fl CATION 

SIZE CODE IDENT NO. DRAWING NO. 

A PAR-15 
SCALE l REV C,. l SHEET 1 OF 2. 





Modification Standard Card Type PAR 
~~~~~~~~~~~~~ 

Card Function: I/O Parity 

Modification Description: 

Configure qard with Schottky parity trees, I/O address 
recognition, address switches off. 

Implementation: 

1 Turn off all switches at the left of the board. 

2 Confirm that 74S280 is plugged in at locations B2, 
B3, E2, F2 

Jumper with 30 ga wrapped wire as follows: 

G4-3 to G4-4 
G4-13 to G4-14 

3 Jumper with 30 ga wrapped wire as follows: 

G4-5 to G4-12 
G4-6 to G4-ll 

All jumpers should be installed on the pins at each pad 
having no other wire connected 

Module designations are detailed below 

Modi.lle 

B2 
B3 
E2 
F2 
G4 

Row 

2 
2 
5 
6 
7 

Column (from top right) 

2 
3 
2 
2 
4 
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PREFACE 

This Maintenance Bulletin contains a detailed description of the SUE 2220 

Program Maintenance Control Panel. Information in this bulletin is written 

primarily for system user and maintenance personnel with backgrounds in 

digital systems. Read Reference Bulletin R2220 for a general description of 

this module and SUE General System Bulletins for background information. 
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SUE 2220 PROGRAM/MAINTENANCE CONTROL PANEL 

MAINTENANCE BULLETIN M2220 

INTRODUCTION 

SUE 2220 Program/Maintenance Control Panel provides a means of manual 

access to all processor internal registers for program debugging, maintenance 

and troubleshooting SUE hardware. SUE 2220 can be used with or without one 

of the optional SUE Power Control Panels, 2201 or 2202. This bulletin contains 

a detailed explanation of Program/Maintenance Control Panel theory and use 

based on four illustration types located at the end of this document. Figure 1 

is a block diagram keyed to three logic diagram sets: Switch Panel Board (SWB), 

Panel Bus Interface (PBI), and Control Panel Board (PCB). Figure 2 is a flow 

chart, figure 3 the panel states diagram, and figure 4 the switch-debounce 

timing diagram. 

PROGRAM/MAINTENANCE PANEL BLOCK DIAGRAM 

Figure 1, the block diagram, shows the INFIBUS interface on the left, the 

Switch Panel right. At top left in each block are noted applicable pages of the 

PBI/PCB logic diagrams. Connecting paths between and among blocks carry 

respective four-letter signal mnemonics. 

Mnemonics starting with F signify flip-flop signals, 0 one-shot signals, and S 

touch-switch signals; mnemonics ending in L are signals relating to light emitting 

diode (LED) drivers - the enable signal (ENBL) is the one exception. 

FLOW CHART 

Figure 2, the flow chart (two sheets), is a detailed plan of all important functions 

performed by the logic. (Slave mode operation is not included, except for 

flagged statement number 6.) Because rpany blocks in the block diagram 
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encompass large amounts of logic, the flow chart is adapted more for use with 

the logic diagrams. The block diagram serves as the logic diagram index. 

LOGIC DIAGRAMS 

PBI and PCB cards contain all active logic; SWB logic comprises LEDs and 

switch closures. Signal paths on the PEI and PCB logics carry many mnemonic 

definitions, and timing sketches are shown where pertinent. 

PAN-EL STATES WITH SYNCHRONOUS MICROOPERATIONS DIAGRAM 

Panel control states and all microoperations performed in synchronism are 

shown in figure 3. State trans it ions on the trailing edge (TE) of clock phase O 

(CFOA) and delays between individual states are shown. State-transition gatings 

are symbolic; for actual transition logic see sheet 3 of the logic diagram. 

DATA BUS DRIVERS/RECEIVERS 

Data Bus Driver/Receiver signals DB15-DBOO are connected between the 

INFIBUS and the PCB logic shown on sheet 5. DBl5-DBOO signals are strobed 

out by DOUT (gate data to INFIBUS); Inputs are driven by Dl5N-DOON signals 

from the Data Input selection logic. Dl5A-DOOA signals are connected to the 

parallel inputs of the Data and Address Hegisters (sheets 6 and 7). 

DATA INPUT SELECTION 

Data input selection logic (PCB sheet 5) is used to gate the following items to 

the data bus driver inputs one at a time: 

a. Address register outputs Al5S-AOOS 

b. Data register outputs Dl5S-noos 

c. Run command 0002
16 

d. Halt command 000\
6 

e. Step command 0003
16 

f. Control panel address 

g. 000016. 
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ADDRESS SELECTION 

Address register outputs are gated to the data bus driver inputs for the condi

tion DRDB. RNDB. VADB. HTDB, because for this condition the output of HRVB 

(Force Zero Output From Data Multiplexers) is low. DxxM = AxxS because of 

DRDB. 

DATA SELECTION 

Data Register outputs are gated to the data bus driver inputs for the condition 

DRDB.RNDB. VADB.HTDB, because for this condition the output of HRVB is 

low. When DRDB is active DxxM = DxxS. 

RUN COMMAND SELECTION 

000216 is forced to the data bus driver inputs for the condition RNDB. VADB. 

When RNDB is active, the output of DOlN is true and DxxM = 0. 

HALT COMMAND SELECTION 

0001
16 

is forced to the data bus driver inputs for the condition HTDB, VADB. 

Whenever HTDB is active, the output of DOON is true and DxxM = 0. 

STEP COMMAND SELECTION 

0003
16 

is forced to the data bus driver inputs for the condition RNDB. HTDB. VADB. 

Due to RNDB.HTDB, DOlN =DOON= land DxxM = O. 

CONTROL PANEL ADDRESS 

FF8Y 16 is forced to the inputs of the data bus drivers for the condition VADB; 

Y can be O 
16

, 4
16

, s
16

, or cl
6 

-- depending on the jumpering tabulated on sheet 

5 of the PCB logic (PBOl and PBOO). Note that an active VADB causes DxxM = 0. 

ZERO ADDRESS 

All the inputs of the data bus drivers are forced to zero for the condition FMRA. 

RNDB. HDTB.VADB. 
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ADDRESS BUS DRIVERS/RECEIVERS 

Address bus driver/receiver signals AB15-ABOO are connected between the 

INFIBUS and the PCB logic shown on page 8. AB15-ABOO signals are strobed by 

the AOUT signal. Driver inputs are driven by Al5M-AOOM, A04-A01N, and 

AOOM that signals all come from the Address Input Selection logic. Receiver 

outputs Al5A-AOOA drive the logic in the Slave Recognition and Address Compar

ison blocks. 

ADDRESS INPUT SELECTION 

Address input selection logic (PCB sheet 8) is used to gate the following items to 

the inputs of the address bus drivers, one at a time: 

a. Address register outputs Al5S-AOO S 

b. Selected processor register address 

c. Selected processor control register address. 

ADDRESS SELECTION 

Address register outputs Al5S-AOOS are gated to the inputs of the address bus 

drivers for the condition ARAB. CRAB. Note that multiplexers Al5M through 

AOOM are always enabled because the Sl inputs are terminated at 0 volts. 

PROCESSOR REGISTER ADDRESS SELECTldN 

The fully encoded processor register address is driven from the multiplexer 

outputs A15N through A05N, A04N through AOlN, and AOON to the inputs of the 

address bus drivers for the condition ARAB. CRAB. For this condition A15N 

through A08N are all ONEs (low), because the B3 through Bo inputs of U46 and 

U56 are all grounded at 0 volts. Bits A07N and AOON are zero-valued (high) 

because the appropriate B3 input of U66 and Bo input of U76 are pulled up to a 

high level. Therefore, the processor register address is 

/1, 1, 1, 1, /1, 1, 1, 1, /0, CPUl, CPUO, RA04, /RA03, RA02, RAOl, 0/. 

The processor number is determined by the CPUl and CPUO bits per Table l 

that normally are controlled by the SUE 2202 Power Distribution Unit ipputs to 
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the SWB card. However, jumpers can be used on the SWB card to control the 

CPUl and CPUO signals. 

Table 1. Processor Number Selection 

Either Jumper 
Or set selector 

on SWB ••• 
of SUE 2202 Processor 

CPUl-N CPUO-N to position Number 
E3 to E4 E5 to E6 (if available) 

High High Missing Missing 1 1 (CPU) Standard 
Production 

High Low Missing Installed 2 2 

Low High Installed Missing 3 3 

Low Low Installed Installed 4 4 

RA04 through RAOl are the outputs of the Register Selection Storage logic 

(U62 on Sheet 2 of the PCB logic diagram). 

PROCESSOR CONTROL REGISTER SELECTION 

The fully encoded processor control register address is driven from the 

multiplexer outputs A15N through A05N, A04N through AOlN, AOON to the inputs 

of the address bus drivers/receivC' r~ for the condition ARAB. CRAB. The full 

address is 

l , 1, 1, l, /1, 1, 1 , / 0, C PUl , CPU 0, I /l , l , l , o /. 

SW'ITCH PANEL 

The switch panel block represents the SWH logic diagram. The SWB card con

tains all the touch switches. Each touch sw it.ch has an associated LED indicator. 

The SWB card is connected to the free-edge connectors of the PCB and PBI 

cards by three flat cables. These cables cnnvey the switch closures from 

the S\VB card to the PCB and PEI cards and connect the LED drivers to their 

respective LEDs on the SWB. Three control signals also are fed back to SWB: 

ENEL, ENDA, ENAD; ±5 power also is supplied through these cables. 
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PANEL ENABLE 

The SWB card must be enabled either by a jumper from El to E2 or by the power 

distribution unit. Signal ENBL is true when the control panel is enabled. 

PROCESSOR SELECTION 

The processor usually is selected by a selection switch located on the power 

distribution unit; in its absence, processor 1 (CPU) is selected automatically 

unless jumpers are field-installed on the SWB card per Table 1. 

. TOUCH SWITCH CLOSURES 

Refer to the SWB logic diagram. Switch-closure signals are identified by four 

letter mnemonics the same as any logic signal. For example, RS15 (sheet 2 of 

the SWB logic) is the signal generated by closing register selection switch 15. 

All touch-switch closures, except the register selection switch closures, produce 

a 0 volt signal only when enabled. The register selection switch closures 

unconditionally produce a +5 volt signal. 

Note that the address and data switch closures are shorted to a single connector 

pin per bit position (SWB logic sheets 3 and 4). By enabling either the address 

switches with ENAD or the data switches by ENDA, one or the other switch 

can be sensed properly. Except for these two switch rows and the register 

selection switches, all other touch switches are enabled by ENEL. 

INTERRUPT INHIBIT SWITCHES 

The power fail/recovery interrupt lines (PFIN-N, PRAL-N, PRIN-N) and the 

line frequency interrupt line (LFIN-N) on the INFIBlJS, can be controlled by 

switches S70, S71, and 872 (sheet 6, SWB logic diagram). The switches can be 

replaced by jumpers. Setting a switch or placing a jumper causes the respective 

interrupt line to be high or low as indicated in Table 2. From the J3 cable 

connection, the switch or jumper closures are passed through the PBI circuit 

card (sheet 10, PBI logic diagram) to the INFIBUS where they are monitored 

by the Bus Control Unit (BCU). On systems containing multiple panels, the 
, 

switches or jumpers must be configured identically on all of the panels, or 

removed from all but one of the panels. 
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Table 2. Switch or Jumper-Controlled INFIBUS Lines 

Switch or INFIBUS LINES 
Interrupt Jumper 

LFIN PRAL PRIN PFIN Position 

PWR FAIL OFF - - - . Low 

PWR FAIL ON - - - High 

PWR RCVRY OFF - High Low -
l•WR RCVRY IN (Interrupt) - High High -
PWR RCVRY AL (Auto Load) - Low High -
LINE FREQ OFF Low - - -
LINE FREQ ON High - - -

OP'TIONAL SWITCH/JUMPER CONTROLS 

Four optional switches or jumpers, intended for SUE servicing aids, are shown 

011 f~heet 6 of the SWB logic diagram. The switches can be installed in the field, 

cw a jumper can be substituted for these closures. If switches are used, they 

are type T8001 (Singer Controls). Use of these closures is shown in the 

Figure 2 flowchart and figure 3. 

The BYTE closure allows reading or writing at byte addresses; address incre

ments in this case are by one instead of two. 

The WRITE INCR closure enables automatic address incrementing with the 

write touch switch. 

The remaining two closures, CONT R6W and INCR CONT R@W, allow continuous 

reading or writing from the panel, either at the specified address or the incremented 

address by a single push of the read or write switch. During this mode, the panel 

does not handle any other functions. The CONT R@W closure must first be placed 

to the OFF position to get the panel out of this operational mode. Both figure 2 

and 3 show how these closures influence the logic. For example, note that to 

write the same information at every memory address. all the following closures 

must have been ON prior to touching the write (at address) switch: 
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SWITCH BOUNCE LOCKOUT TIMING AND SHIFT CONTROL 

Logic on PCB sheets 3 and 4 has the following diverse functions: 

a. Generation of a single debounced sampling pulse (OACS) for a single 
switch closure 

b. Identification of any data switch closure versus any address switch 
closure 

c. Generation of sixteen shift pulses for serially loading either the 
address or the data register with the latest information as a function 
of the address or data switch clo"sure(s) 

d. Serial incrementing the address register by one or two. 
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DEBOUNCED SAMPLING PULSE 

At the top of PCB logic sheet 4 are shown oneshots and a flip-flop. The sequence 

described here is summarized in the figure 4 timing diagram. Initially all oneshots 

are in quiescent states and FLS is being cleared continually by OLTS, which i~ 

turn insures that OSB and OAC are not being cleared. The last leading edge of 

TOSB-N retriggers Debounce Oneshot OSB to time out ~n about l. 9 milliseconds. 

Thus, by the t me OSB has timed out, no leading switch bounce can exit. 

Lockout Timing oneshot OLT is retriggered every 640 nanoseconds for an 

additional 24 milliseconds (approximate) during the relatively long time (tenths 

of a second or more) that TOSB remains low. From the time OLTS-P switched 

high, FLS is no longer being cleared. The trailing edge of OSBR-N triggers OACS-P 

on for approximately 3. 4 microseconds. The trailing edge of OACS sets FLS, 

which means that FLSR-N keeps both OSB and OAC reset. Approximately 24 

milliseconds after TOSB goes inactive (high), OLTS goes low to clear FLS. At 
I 

that time, FLSR is high and the oneshots are ready for the next switch closure. 

ADDRESS/DATA S\VITCH IDENTIFICATION 

Refer to the PCB logic at the top of sheet 3. When OAD and ODA are quiescent, 

and if ENEL is low, both lOAD and lODA are ready to sink current through inductors 

L2 and Ll respectively, in the eve11t of a~" 1td1 closure on the address or data 

switch rows. Assume that one of 1hc address switches. bit 15, is touched. Current 

begins to flow from R8 (PCB logic sheet 2) through the closed switch and cable 

conductors into Jl-13 (ENDA). The voltag(' at Jl-13 rises instantly to +5 volts and 

then decays to 0 volts in less than one microsecond because of inductor L~~. 

This differentiated voltage spike is fed through TOAD and through a second diff

erentiating network to trigger OAD with its leading edge. (This double differentia

tion is necessary to prevent oscillations bE.:•t \\'een OAD and ODA after OAD or ODA 

is initially triggered because of the Tl23s characteristics. As soon as OAD is 

triggered on, the switch closure is declared to be an address switch closure for 

a minimum per10d of 3. 55 rn illisecond. OADS meamvhile forces ODA to remain 

cleared and forces ENDA high to prevent data switch closure sensing during the 
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duration of OADS-P. An initial data switch closure works similarly except that 

ODA is triggered on and ENAD is forced high for the duration of ODAS-P. FBAS 

(Block Action F-F) clears both OAD and ODA while set. 

ADDRESS/DATA REGISTER CLOCKS 

Refer to the middle of PCB logic sheet 4. Assuming that address bit switch 15 was 

just closed, OADS is high for a minimum of 3. 55 milliseconds, and the output of 

SFSA goes low for the duration of OAC S (minimum of 2. 41 microseconds). The 

. very next negative-going (trailing) edge of TFSD (Trigger Shift F-Fs) sets FSA. 

With FSAS high, ASCC advances the SCxx (Shift Counter) with each trailing edge 

of TFSD every 640 nanoseconds. After the sixteenth ASCA-N (Address Register 

Clock) is gated through, FSA is reset to prevent anymore ASC As from being 

generated. The FSAA-N (Synchronized Shift Address Register) and ASCA-N 

signals are used to shift the contents of the address register around. Had the 

detected switch closure been a data switch closure, the same SCxx shift counter 

would have generated 16 DSCA-N pulses as FSD would have been set. The DSCA-N 

pulses, along with the FSDA-N signal, would have been used to shift the contents 

of the data register around sixteen times. 

ADDRESS REGISTER INCREMENTATION 

Refer to the bottom of sheet 4 PCB logic and figure 3. FNC is the flip-flop that 

may have been set with lFNC-N during STATE A. Also, at the leading edge of 

STATE A, FSAT-N sets FSH. Sixteen shift pulses (ASCA-N) are generated 

with FSAA after the Synchronized Shift Address flip-flop sets. Because the 

exclusive-or gate feeding the address register represents a half adder, incre

mentation takes place. If the BYSW (Byte Switch) signal is low, FNCS is 

gated through with the first shift count (zero) and thereafter until AROO-N goes 

false. If the BYSW-N signal is high, incrementation is skipped during the first 

shift count (zero); however, incrementation can take place during the fifteen 

following shift counts. Shifting the carry-in over by one is the same as adding 

two instead of one. 
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DATA ADDRESS MULTIPLEXER 

Refer to PCB logic sheets 2 and 4. SMUX is the sequentially-scanned output of 

BSOO during shift count 0, BSOl during shift count 1, until finally it is BS15 

during shift count 15. (During no shifting, SMUX = BSOO). BSxx is either from 

an address touch switch closure or from a data touch switch closure due to 

action of the ADDRESS/DATA SWITCH IDENTIFICATION logic. Based upon 

wh':'ther or not OADS or ODAS is a1.•tive, either INAX = SMUX or DMUX=SMUX 

respectively. 

DATA REGISTER 

Sheet 6 of the PCB logic shows the sixteen-bit data register, the outputs of which 

drive the data LEDs on the SWB and other blocks as shown in figure I. The 

SC LD-N signal comes directly from the clear (data) touch switch. Loa.ding the 

register takes place either in parallel from the data bus receivers or serially 

from DMUX(l)DOOS when FSDA-N is true. Timing of the required control signals 

for either kind of loading is shown at the bottom of sheet 6. Capacitors on the 

outputs of Dl3L, Dl2L, D09L, and DOSL prevent excessive noise pickup on the 

ENDA and ENAD lines (see top of sheet 3 PCB logic). 

ADDRESS REGISTER 

The sixteen-bit address register (PCB logic sheet 7) functions similarly to the 

data register. For timing and control signals refer to the bottom of PCB sheet 6. 

Signal lFlR sets the 1st Read and 1st Write flip-flops anytime the address is 

altered from the panel. 

PROCESSOR REGISTER SELECTION WITH LED DRIVERS 

Processor register selection logic is shown at the top of PCB diagram sheet 2. 

R Sl5-R SOO switch closures are encoded into a straight (four-bit \Veighted) 

binary code by U52. This four-bit code (SRA4-SRA1) is loaded into the Processor 

Register Selection Storage for the condition E NBL. OAC So STROBE.ROLLOVER. 

The outputs of the Processor Register Selection Storage (RA04-RA0l) are 

decoded into sixteen separate LED drivers by U72. 
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SWITCH FLIP-FLOPS AND SINGLE ACTION DISCRIMINATOR 

Seven action switch closures require a DDC bus access: run, halt, step, read 

(at address), 'Write (at address), :read (register), and write register. (Touching 

any one causes its LED to be lit directly on the SWB card assy). The Single 

Action Discriminator logic (PBI diagram sheet 2) prevents setting FBA, the 

Block Action F-F, if more than one action touch switch is closed at the trailing 

edge of OAC S. However, for a single action closure, FBA is set and is not 

cleared till after the action has been carried out via the INFIBUS. 

The leading edge of OSTS (Start Oneshot) loads the output of the action switch 

inverters into the switch flip-flops shown at the top of PBI logic sheet 3. For 

example, READ is thus loaded into FRD. 

The AUTO LOAD gate is shown on PBI logic sheet 4. On the same sheet appear 

the INHIBIT INTERRUPT (FIT) and ADDRESS HALT (FAH) flip-flops, both of 

which have toggle action activated by the trailing edge of OACS (debounced switch 

sampling pulse), both with respective LED drivers. 

The ATTENTION F-F (FTT) also is shown on PBI logic sheet 4. FTT does its 

own debouncing being set by the first leading edge/bounce of SATN (attn switch) 

and then getting reset only on the trailing edge of OLTS (Switch Lockout 

Oneshot). The trailing edge of FTTR-N sets the LEVEL 1 SERVICE NEED F-F 

(FNl) on PBI logic sheet 9. 

CLOCK GENERATION, STATE GENERATION, AND CONTROL FLIP-FLOPS 

Grouped together within this block (figure 1) -~il'e three different logic areas taken 

from PBI logic sheets 2, 3, 4, 5, and 9, and PCB logic sheet 7. 

CLOCK GENERATION 

At the bottom of PBI logic diagram sheet 5 the 25 MHz C LKA is shown driving 

a four-bit binary counter (U55). Clocks CLKI and CLQD are obtained from the 

most significant stage of the counter. FPH is the Phase Flip-Flop that controls 

the generation of CFOA-P (Clock Phase 0) and CFlA (Clock Phase 1). The 

timing diagram next to gates CFOA and CFlA shows all inter-relationships. 
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The phased clocks are exclusively for generating states and micro-operations. 

The other two clocks are for sampling signals into oneshots and for driving 

the Switch Bounce Lockout Timing and Shift Control logic on the PCB 

card. 

STATE GENERATION LOGIC 

Refer to the 1 ower half of PBI logic sheet 3, where, for any action U34 is 

shown generating FSA ( ETATE A), FSB(STATEB), FSC(STATE C), and occasion

ally FSD (STATE D). State transitions in figure 3 afford a concise, 

yet detailed explanation of what this logic performs. The timing diagram at 

the 1 ower right-hand corner of PBI sheet 3 is a helpful reference. 

MISCELLANEOUS CONTROL FLIP-FLOP8 

Refer to figure 2 and 3, during the following discussion. 

The Block Action F-F (FBA shown on PBI logic sheet 2) is set by a single 

action at the trailing edge of OAC S, the debounced switch sampling pulse, and is 

not reset unti 1 the last DONE or QUIT is received for a specific action. (For 

an optional continuous read or continuous write, it is not reset until the 

CONT REE>W toggle switch is placed to OFF). The leading edge of FBAS 

triggers the Start Oneshot (OST) that times out in about 3. 4 microseconds. 

The START F-F, FST, (shown on PBI logic sheet 3) is set by the trailing edge 

of the Start Oneshot (OSTS) output, and causes STATE A to be generated next. 

The SHIFTING DONE F-F, FDS, (PBI logic sheet 3) is set by the trailing 

edge of FSHR-N. This implies the address register has just been shifted 

around for possible incrementation and causes STATE B to be generated next. 

The WAIT 2 F-F, FW2, (PBI logic sheet :3) is set during STATE C, only for a step 

so that setting ST ATE C can be delayed until a DONE or QUIT has been received. 

The WAIT 2 F-F (FW2 , PBI logic sheet 3) is set during STATE C only for step 
' 

switch closure so that STATE D can be generated after QUIT or DONE is 
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received. The Single Step F-F, FSP, (PBI logic sheet 5) hold the condition that 

·the Run and Halt F-Fs had been set prior to OA lG, which set the read flip-flop 

and cleared all other action flip-flops. 

The Address Match F-F, FAM, (PBI logic sheet 5) is set when the content of 

the address register equals the address on the INFIBUS while the control panel 

is not accessing the INFIBUS, and only if the Address Halt flip-flop is set. 

The (Synchronized) Address Comparison F-F, FCP, (PBI logic sheet 5) 

_synchornizes the recognition time of an address match condition. 

The Service Address Comparison F-F, FAC, (PBI logic sheet 5) sets only when 

States B and C issue the halt Command to the addressed processor because of an 

existing synchronized address comparison. 

The Panel Busy (with state transitions) F-F (also PBI logic sheet 5) insures that 

State B always can be reset after being on for 320 nanoseconds. 

The DDC DONE F-F and DDC ABORT F-F (PBI logic sheet 5) holds these condi

tions for subsequent logical decisions because the bus access logic does not. 

The functions of Master Read F-F (FMR), the Level 1 Service Need F-F (FNl), 

the DDC Service Need F-F (FND) and the Last Service Request on DDC Level F-F 

(FLD) (PBI logic sheet 9) are self-explanatory by titles. 

The 1st Read and 1st Write F-Fs (bottom of PBI logic sheet 2) cause the address 

register to increment before use on the INFIBUS for a READ (optionally for a 

WRITE) operation. 

The Arm Auto Load Flip-Flop (top of PBI logic sheet 4) enables the issuing ATLD 

signal after being set by master reset, causing the load light on the panel to be 

lit whenever set or armed. 

MICRO-OPERATIONS . 

Those micro-operations synchronous to the control states, are shown on sheets 6 

and 9 of the PBI logic diagram. They are described in figure 3. 

Micro-operations that are partially, or totally, dependent on: Bus Access 

Logic; INFIBUS signals such as DONE or QUIT; or the Slave Address 
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Recognition Logic are grouped together on sheet 7 of the PBI logic diagrams. 

The function of each is described next to its respective signal line. These 

micro-operations are also implied in the flowchart of Figure 2. 

SYSTEM STATUS LOGIC 

System Status Logic monitors the processor Service Request Line, SRLC, 

and the processor Run Line, RUNN, directly on the I NFIBUS and di splays 

the condition on the run, idle , or halt LEDS. The logic controls the 

. signals to the done and busy LEDS. 

HALT LED 

Refer to sheet 4 of the PBI 1 ogic. The halt LED i s 1 it approximately O .12 

seconds after the trailing edge of RUNN. This is done by the Run Oneshot 

(ORN) which is ret ri ggered every 160 nanoseconds, as long as R UNN is 

true. (The worst-case variations of trailing edge or ORNR-N are indicated). 

Thus, ORN discriminates against conditions where short run periods are 

interspersed with short halt periods in a SUE system, and causes ORNL-P 

to be true and the halt LED to be turned off. That is, once the halt 

LED is turned on, the SUE system is known to have been ~alted and is no 

longer running. 

RUN LED 

Refer to sheet 4 of the PBI logic. The run LED remains turned on, as long as 

there are SRLC signals on the INFIBUS. Note that the output of gate SRCN 

can rise to only 1. 5v (approximate) in 11 microseconds, as indicated on the 

logic. This ensures that FITL has a stead~· low level as long as at least 

two SRLC pulses occur within about 10 microseconds. 

IDLE LED 

Refer to sheet 4 of the PBI logic. The idle LED is driven by the IDLL gate 

and turned on for the condition R UNN. SR LC. For this instance the output of 

gate SRCO goes low only aft er the SHCN output has risen abo\·e +l. G\·. 
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DONE LED 

On sheet 4 of the PBI logic, is shown the Bus Access Done F-F (FAD) which 

drives the done LED with the BADL driver. This flip-flop is controlled only 

for DDC accesses. 

BUSY LED 

Refer to sheet 3 of the PCB logic diagram. The busy LED remains lit as long 

as OSD is triggered by any strobe at leas~ once 2very . 088 seconds. 

SLAVE ADDRESS RECOGNITION LOGIC 

Slave Address Recognition logic is shown at the top of PCB logic sheet 9, and the 

output signal is called SARO-N. The input to gate SARO goes high during 

STRB. HCYC when signals on the address bus become FF8x, (where x16 => PBOl, 

PBOO, O, oi Note that the rise time to +1. 5v of the tied outputs of U69, U49, 

and U59 has been slowed down by C32 to prevent false slave address recognition. 

On PBI logic sheet 9, the Slave To Be Read F-F (FSRS) is set by the condition 

SARP.RITE, and is reset either at the trailing edge of 8TRC or by the leading 

edge of FDNA-N delayed 50 nsec. Oneshot ORG (Load Reg Pulse Read Reg 

Delay) is triggered either by the leading edge of FSRR-N or by the condition 

SARP. RITE. Using this ones hot assun:s that i he data has been loaded safely 

into the address register by A8CB-N, or into the data register by DSCB-N 

before DOND-N Internal Done is generated. The oneshot also allows time for 

the proper register address to ripple through all cascaded logic elements 

for a read register operation. Note that loading the address or data registers 

is inhibited by OLTS-P (Switch Lockout Timing) even though DONE is returned 

to the bus controller. 

ADDRESS COMPARISON LOGIC 

The Address Comparison Logic is shown on the bottom of PCB logic sheet 9. 

Output EQA4-P is true when the address register contents equal the address 

bus receiver outputs during STRB. 
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BUS ACCESS LOGIC 

The bus access Logic is shown on PBI logic sheet 8. This logic is similar to 

the DBAL integrated circuit logic and is not explained in detail here. Refer 

to SPECIAL COMPONENTS in General System Bulletin G4 for a description 

of this logic. The top-half of the bus access logic is used both for DDT level 

bus access (run, halt), or for Level 1 bus access (attn), but never at the same 

time. 

CONTROL BUS DRIVERS/RECEIVERS 

The Control Bus Drivers/Receivers interface the following signals between the 

INFIBUS and the PBI circuit card on PBI logic sheet 10: ABOl, SRLD, SRLl, 

SACK, STRB, DONE, RITE, BYTE, AB16, AB17, ATLD, and MRES. 

On PCB logic sheet 3, the Control Bus Drivers/Receivers 

following signals: STRB, HCYC, and MRES. 

MASTER STROBE LOGIC 

interface the 

The Master Strobe Logic is shown on PBI logic sheet 10, and consists of gates 

STRE, STRF, and a 50-nanosecond delay line. STRF is issued to the Control 

Bus Drivers/Receivers Block at least 50 nanoseconds after the leading edge 

of FOLR-N. 

SERVICE HINTS 

Signal SYNC-N has been brought out to TPl (Test Point 1) of the PBI circuit 

card,_ and is issued whenever the Address Bus = Address Register during the 

strobe. 

Also, an extra-long jumper cable to go between J4 of the P BI card and 

J4 of the PCB card is useful so that one card can be extended past the other during 

servicing. The part number is CA-D24P05-261-AA-024 manufactured by: 

Aug 73 

Circuit Assembly Corp. 

3025 So. Kilson Drive 

Santa Ana, California 92707 

( 714) 540-5490 
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Both the PBI and PCB cards can be extended at the same time with the extra

long jumper cable by using two SUE extender cards in tandem for one card, 

and a single extender for the other. 

DRAWINGS AND PARTS LISTS 

This ia a list of the drawings and parts lists included in this bulletin. 

Title Mnemonic Drawing Number Sheets 

Control Panel Circuit Card PCB 2001002177-1 1 

Control Panel Logic Diagram PCB LD2001002177-1 9 

Switch Panel Circuit Card SWB 2001002178-1 1 

Switch Panel Logic Diagram SWB LD2001002178-l 6 

Panel Bus Interface Circuit Card PBI 2001002165-1 1 

Panel Bus Interface Logic Diagram PBI LD2001002165-l 10 

Control Panel Parts List PCB PL2001002177-1 2,3,4 

Switch Panel Parts List SWB PL2001002178-l 2, 5 

Panel Bus Interface Parts List PBI PL2001002165-1 2,3,4 
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BT4A-P 
Pl-A33 

C6 C'7 

C25 C2'7 

UNUSED OATES 
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NOTES: llNLE88 OTHERWISE SPECIFIED 

1. ALL RESIBTORS ARE IN OHMS, .i.2%, l/4W. 

2. ALL NON-POLARIZED CAPACITORS ARE O. lUF, +80%, -20%, 50V. 

3, ALL POLARIZED CAPACITORS ARE 33UF, .i.20%, lov. 
4. INTEGRATED CIRCUIT PACKAGE TYPE DESIGNATIONS AltE 

ABBREVIATED, FOR COMPLETE PART NUMBER SEE PARTS 
LIST. (REFERENCE LIBT ON DRAWING 8001800200,) 

5. INTEGRATED CIRCUIT PACKAGE POWER PINS ARE: (8 PIN ICP) 
PIN 4 OV, PIN 8 +5V; (14 PIN ICP) PIN 7 OV, PIN 14 +5V, EXCEP'l 
T73 PIN 4 +5V, PIN 11 OV, '1'93 PIN 5 +5V, PIN 10 OV; (18 PIN ICP) 
PIN 8 OV, PIN 18 +5V, EXCEPT BDR PIN 7 AND 8 OV, PIN 18 +5V 
T78 PIN 5 +5V, PIN 13 OV; (24 PIN ICP) PIN 12 OV, PIN 24 +5V, 
EXCEPT R185 PIN 1 +5V, PIN 23 OV, GJ +5V CONNECTOR PINS ARE: Pl-Al8, A28, A29, A51, Bl8, 828, 
829, B51; Jl-32, 3'1 J2-33, 35, 

r:;l OV CONNECTOR PINS ARE: Pl-Al, A2, Al5, A40, A54, A55, 
LJ Bl, B2, Bl5, 840, 864, 1!55; J2-49. 

8. ALL DIODES ARE 8001100001-1, 

ClO Cl2 + Cl3 C14 C15 C16 C17 C18 C20 C21 

Pl-825 

Pl-B30 

Pl-B31 

Pl-B32 

Pl-B33 

+5V 

ov 

PCDB-P 

BTlB-P 

BT2B-P 

BT3B-P 

BT4B-P 

Control Panel Logic Diagram (PCB) 
LD2001002177-1, Rev. C (Sheet 1of9) 
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ADDRESS REGISTER BITS 03-00 
@ LAST THREE BITS OF 

CPU REGISTER ADDRESS 

7 15 F3 A03S-P A3 13 10 7 A02S-P A2 

7 AOlS-P 6 
Al A03M- F2 

1 AOOM 
12 

7 AOOS-P AO 
14 8266 

2 RA03-N B3 U76 Fl 
4 11 RA02-N B2 

RAOl-N 5 
Bl 

FO 2 
BO 3 

so Sl 
9 

~ B 

0 • LAST THREE BITS 
OF CPU CONTR. 

REGISTER ADDRESS 
12 

~N ""11 
4 

N 
sJ~~r 6 

l .z---

~~ 

ARAB-P 'r-J4-"'--
6-----4-------' 

/ J4-3 
CRA&-N)r-~-----------------' 

9 AOUT-P-------------------------------' 

ADDRESS BUS BITS 15-12 
DRIVERS/RECEIVERS 

Bl 11 10 Dl 
B2 

9 
B4 13 6 D2 
B3 

BDR 5 
2 USO 01 

12 D4 
02 14 

4 
D3 

04 
1 

03 
STROBE 3 

115 

ADDRESS BUS BITS 11-08 
DRIVERS/RECEIVERS 

-
Bl 11 10 Dl 
B2 

9 
13 B4 

6 D2 
B3 

5 BDR 
2 U60 

01 
12 D4 

02 
14 

4 04 
1 D3 

03 
3 STROBE 

115 

ADDRESS BUS BITS 07-04 
DRIVERS/RECEIVERS 

MB2002001153-1 

Pl-Bllb_ 
AB15-N 

Pl-Bl8~ 
Pl-Bl7~ 

AB14-N 

AB13-N 
Pl-Blh 

AB12-N 7' 

Al5A-P 

A14A-P 

Al3A-P 

A12A-P 

Pl-B13, 
ABll-N 

Pl-Bl~ 
ABlO-N 

Pl~Bl~ 
AB09-N 

Pl-Blib. 
-7 AB08-N 

AllA-P 

AlOA-P 

A09A-P 

A08A-P 

Pl-Al9~ AB07-N 

Pl-A18~ AB06-N 

Pl-A17~ AB05-N 

Pl-A14~ 
7 AB04-N 

9 

9 

9 

9 

9 

9 

1--------- A07A-P 9 

1--------- A06A-P 9 

1--------- A05A-P 

1--------- A04A-P 

ADDRESS BUS BITS 03-00 
DRIVERS/RECEIVERS 

Bl Pl-Al3_, AB03-N 11 
10 Dl Pl-Al2_c,. 

B2 
9 Pl-All~ 

AB02-N 

B4 6 ABOl-N 13 Pl-AlO~ D2 
B3 "'-5 7 ABOO-N 

BDR 
2 U80 01 

12 
A03A-P 9 

D4 
02 14 

A02A-P 

04 AOlA-P 4 
D3 1 

03 
3 AOOA-P 9 

STROBE 

115 

Control Panel Logic Diagram (PCB) 
LD2001002177-1, Rev. C (Sheet 8 of 9) 
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+5V 

~ $ R43 B 

l2 B3 ~ lK 
9 F3 i;:lp:.,..1 _ _. ___ I_.......;3'-l~~ ...,....,...,N4~-------"'J..;;.4-....;.7-<-'{SAR~N 

3 HCYl>-P -------------------"-! B2 U42 -

5 PBOl-N ------------------~5 Bl p 0 0 

2 8242 F2 ~ ~C32 
: ::~: =========:~==~~======================1~3: U69 p OPF ~::~:EAL -1\ .r--

~ A2 Fl it-' V OF MASTER U U --.. U U 

_L__!_ (<jell tl (oj (oj 8 A03A-P -----~Ht-----------+-~ Al FO ~ :Z: :z: !{! ~ 

5 PBOO-N ~ l AO :ll: ~ "' ., 
~ ----- SAR~N ~ J~ imi-

~!tl.5V ,r 

>.:---------. ov 8 AOUT-P)~J~4-~2~--1-1---------.;;a 9 
H05 

p 

8 u•• 
13 p 

~~5 12 
8 A04A-P -----1-1--4.,_------------<1 

8 A05A-P 
5 p 

~~= 6 

3 p 
H05 
UH 4 

8 A06A-P -----1-1-1--1--4.,_----------Q 

11 

10 p 

9 ~~; 8 

5 

A07A-P -----1-1-1--1--1~---------_::..;;'i.-~ 

AOIA-P -----1-1-1--1--11-t-t~-------""'"'"! 

A09A-P -----l-1-1-HH-l-t------......:...r-
AlOA-P· -----1-1-l-HH-l-I~~----......;:;~~ 

AllA-P -----1--1--t--t--11-t-i-i-i---t,__---~ 

Al2A-P -----l-l-1-HH-l-1-1-1---t---......:...r--

aJ::;\P 
4~6 
2 

ltl ... p 

~ lliVi2 

8 Al3A-P -----1--1--t--t--11-t-i-i-i-i~---t------i--

8 Al4A-P ------11-HHHHH-l-1-1-t-t--.--=t 
8 Al5A-P ------11-Hl--1Hl-+I-+-+-+-+--+--+--+-_.:;....-~ 

LB3 

Al5S-P 

A1"S-P 

7 A13S-P 

7 Al2S-P 

7 AllS-P 

7 AlOS.P 

7 A09S-P 

7 A08S-P 

7 A07S-P 

7 A06S-P 

7 A05S-P 

7 :i\048-P 

8 AOlA-P 

8 AOOA-P 

7 A038-P 

7 A02S-P 

AOlS-P 

AOOS-P 

...._2_ B2 

~ Bl 
2 

BO 

13 A3 

8 A2 

6 Al 
1 

AO 

12 
B3 

9 
B2 

5 Bl 
_..2_ BO 

13 A3 

8 A2 

6 
Al 

1 AO 

12 B3 
9 

B2 
5 

Bl 
2 

BO 
13 A3 

8 A2 
6 Al 
1 

AO 

12 
B3 

9 B2 
5 Bl 
2 

BO 
13 A3 
8 A2 
6 Al 
1 AO 

8242 
U47 

8242 
U57 

8242 
U67 

8242 
U77 

J 

34 NSEC 

SLAVE ADDRESS 
RECOONmON 

R40 
68 

./V'vA 

ov 2 ~ 
_...,,...,.,,,.~~~s 

L---------...:~"{ ~~;' i;.P __ .;;...J4'--""-l -<<EQA4-P 
U63 6 -

p 5 ADDRESS REGISTER 
F3 i.,:1.,..1--+---------..._-=-t ~BUS ADDRESS 

F3 ~ 
F2 tfo---
Fl~ 

FO~ 

F3 ~ 
F2 ~ 
Fl ~ 
FO ~ 3 

F3 tiI--
F2~ 

Fl~ 

FO ~ 

0 

INTERNAL --1 
STROBE 

OF MASTER u 
~ ~ 
~ ~ 
:: ..... ....LL 

EQA4- P--t-JflJU 

ADDRESS COMPARISON 

R42 
300 

.AAA .., .;v +5V 

\\\\L 

Control Panel Logic Diagram (PCB) 
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NOTES: 

5. 

ALL RESISTOR VALUES ARE 270 OHMS, :2%, l/4W. 

CONFIGURATION MAY BE USED WIT.HOUT SWITCHES. IF USED 
WITHOUT SWITCHES JUMPER 866 THRU S69, S73 TO "PN" 
POSITION, S70 AND S72 TO "OFF" POSITION AS SHOWN, S71 
MAY BE JUMPERED AS REQUIRED. 

+5V CONNECTOR PINS ARE: Jl-32, 34, J2-33, 35, J3-21, 23 AND 25. 

OV CONNECTOR PINS ARE: J2-45, J3-l AND 2. 

ALL LIGHT-EMITTING DIODES ARE 1005000837-1. 

Switch Panel Logic Diagram (SWB) 
LD2001002178-l, Rev. D (Sheet 1 of 6) 

MB2002001153-l 
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+5V L 

" 
~ 

R15L-N 
L J2-11 ...-

L J2-09 ...-Rl4L-N 

L J2-14 
... R13L-N 

L J2-08 
... R12L-N 

LJ2-02 ... RllL-N 

LJ2-01 ... RlOL-N 

L J2-05 ... R091.-N 

LJ2-13 ... ROSL-N 

LJ2-23 ... R07L-N 

L J2-29 ...-R06L-N 

R05L-N 
L J2-43 ...-

LJ2-47 ...-R04L-N 

L J2-41 
...-R03L-N 

L J2-50 
y R02L-N 

LJ2-45 ...-ROlL-N 

L_Jl-40 ... ROOL-N 

I f I;~,, ±20% 
lOV 

v 

-'VV\r ~ 
R2 ,;~ 15 

~ ,/ CR2 

..... 
v v 

82 ~ -~\/\,Av 
'~ 14 R3 

,/,/ CR3 
~ 

-" ..... 
~ 

L:::tl 83 
.A,/\/'v 

~13 R4 
,/,/ CR4 _bl 

_,.. ...,. 
S4 

¥A ~ 
~12 

R5 

"" CR5 _ill 
_,., 0-

85 
.A,/'1/\-

r::::-._ 
,;v::Y 11 R6 

-1ll ,/ CR6 

-" v v 

~ 86 .A,/'I/\, 
~10 R7 

,//( CR7 _fu 
-" ..... 

87 
-'VV'v- ~ ~9 RS 

"" CRS ..k. _,., ..... -
@s SS 

-A.A.I\, 

__!!_ 
R9 ,I/( CR9 

-0 C> 

89 -w., ~ 
,1_ 'C/ 7 RIO 

-1.z... /( CRlO 

-0 <>---
810 

-'VV'v- ~ ~6 
--1!. 

l<ll /(/( CRll 

v ...,. 
811 

-'l/V"v- @ 
5 R12 

""' CR12 _.£. 
v 

812 
-'VV\r _W_ 

Rl3 ,~ 4 

_li. ,, CR13 

-" -
813 

..l\/V\r ~ 
~3 

..£. 
Rl4 ,,/ CR14 

-" ..... 

814 
.A,/\/\, ~ 

.\!:Y 2 R32 ~,/ CR15 _l;_ 
~ ...,. 

815 -w ~ ,\!:Y 1 R15 ~,/ CR16 L 
-" v ...,. 

816 
J\/'A ~ 

~o 
1 

R16 
,/,/ CR17 

~ -
Sl 7 

CPl: REGISTER SELECTION 

Switch Panel Logic Diagram (SWB) 
LD2001002178-l, Rev. D (Sheet 2 of 6) 
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+5V 

J2-15 
...l. RS15- p 

J2-18 
...l. RSl4-

J2-07 
7 RS13-

J2-10 --" RSl2-7 p 

J2-06 
7 RSll- p 

J2-04 -7 RSlO- p 

J2-03 7 RS09-

J2-12 7 RSOS- p 

n-~O ...l. RS07-, 

J2-25 
7 

RS06- p 

J2-21 --" R805-, p 

J2-19 
R804- p 

J2-17 
...l. R803- p 

J2-27 ...l. RS02 -P 

J2-31 
...l. RSOl -P 

J2-39 
~ RSOO -P 
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D15L-N 
Jl-11 

ENDA-N 
Jl-05 

Al5L-N 
J2-16 

D14L-N 
Jl-02 

A14L-N 
J2-22 

D13L-N Jl-04 

A13L-N J2-24 

D12L-N 
Jl-06 

Al2L-N J2-26 

DllL-N 
Jl-08 

AllL-N J2-28 

DlOL-N 
Jl-10 

AlOL-N J2-30 

D09L-N 
Jl-12 

A09L-N 
J2-32 

DOSL-N 
Jl-14 

AOSL-N 2-34 

ENAD-N 
Jl-13 

15 
CR40 

_ill 

839 

15 

....l!.2 CR21 

821 

14 

...l!! CR41 

840 

14 

-1.!! CR22 

822 

13 

-1!! CR42 

0-
841 

13 

~ 
CR23 

823 

12 

~ CR43 

842 

12 

_.m CR24 

824 

_.l!l 

843 

11 

-1!.1 
CR25 

825 

10 

_.il£ CR45 

844 

10 

...l.!..<> CR26 

826 

.i. CR46 

845 

...ll. CR27 

827 

~ 
CR47 

846 

8 

_ll. CR28 

828 

DATA 15-8 ADDRESS 15-8 

Switch Panel Logic Diagram (SWB) 
LD2001002178-1, Rev. D (Sheet 3 of 6) 
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+5V 

ENDA-N 4 

Jl-15 
BS15-N 

Jl-17 
BS14-N 

Jl-19 
BS13-N 

Jl-21 
BS12-N 

Jl-23 
BSU-N 

Jl-31 BSlO-N .. 
Jl-33 

BS09-N 

Jl-35 
BSOS-N 

ENAD-N 4 
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007L-N 
Jl-16 

3 ENDA-N 

A071· "1 
J2-36 

006L-N 
Jl-18 

A06L-N J2-38 

D05L-N 
Jl-20 

A05!--N 
J2-40 

T~14lrN 
Jl-22 

,\(dL N 
J2-42 

D03L-N Jl-24 

A03L-N J2-46 

D02L-N 
Jl-26 

A02L-N J2-48 

llOIL-N 
J 1-30 

AOIL-N 
J2-37 

DOOL-N 
Jl-28 

J2-44 
AOOlrN 

3 ENAD-N 

CR48 

-11... 
847 

-11.. CR29 

829 

--LL CR49 

848 

6 

_Ji. CR30 

830 

~ CR50 

849 

.E. CR31 

831 

_h 

850 

__L::.. CR32 

832 

~ CR52 

S51 

:l 

~ CR33 

833 

_k. CR53 

S52 

_b_ CR34 

~34 

-12... CR54 

S53 

-11_ CR35 

S35 

-1£.. CR55 

S54 

_k_ CR36 

S36 

DATA 7 - 0 ADDRESS 7 - O 

Switch Panel Logic Diagram (SWB) 
LD2001002178-1, Rev. D (Sheet 4 of 6) 
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+5V 

Jl-37 
B807-N 

Jl-39 
BS06-N 

Jl-45 
BS05-N 

Jl-47 
BS04-N 

J!-49 
BS03-N 

J!-42 
BS02-'.'\ 

,Jl-48 
BSOl-K 

J 1-50 
BSOfl-:\ 
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OV E 

GJ 
El 

ENBL-N 

J3-06 
BSYL-N 

REPL-N 
J3-03 

AULL-N 
J3-ll 

RUNL-N J3-04 

IDLL-N J3-06 

ORNL-P J3-08 

FAHL-N 
J3-10 

F!TL-N J3-28 

FNlL-N J3-44 

BADL-N 
J3-37 

WRITE 

_LWRITE CRl 

Sl 

WRITE 

_l_WRITE CR20 

S20 

BUSY 
CR39 

RESET 

~ESET CR58 

S56 

LOAD 

__!1.0AD CR59 

S57 

RUN 

...J.!UN CR60 

S58 

IDLE 
CR61 

HALT 

~LT CR62 

S59 

ADH 

~DH CR63 

S60 

STEF 

-1..!TEP 
CR64 

S61 

....l..!.NH CR65 

S62 

ATTN 

~TTN CR66 

S63 

CLEAR 
~LEAR CR56 

855 

DONE 
CR57 

CLEAR 
_i£LEAR CR37 

S37 

11 @RfA~~., ~ _l!.EAD II CR3t! 

0 
838 

ACTION SWITCHES 

Switch Panel Logic Diagram (SWB) 
LD2001002178-l, Rev. D (Sheet 5 of 6) 
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E2 

I ~ 
J3-38 

ENBL-N 

1-29 ENBL-N 

ENBL-N 6 

+5V 

J3-09 
SWRG-N 

J3-07 
SWRT-N 

J3-16 
SRST-N 

J3-18 
SLOD-N 

J3-20 
SRUN-N 

J3-22 0

SHLT-N 

J3-19 
SADH-N 

J3-24 
SSTP-N 

J3-36 
S!NH-N .. 

J3-47 
8ATN-N 

J3-14 8CLD-N 

Jl-44 
8Cl..D-N 

J3-26 
8CLA-N 

Jl-46 
SCLA-N 

J3-35 
8RED-N 
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J3-40 ._----------------'V'l.,._, __ -+-._.+--------.....-------------~+5V 
SPARE 
CRlB 

J3-3 _cSlB 

..J!!.EAD J3-49 
ENFt~N o--------------------------- -------''""-=-~) SRDG-N 

READ 
CR19 

E3 
0 

E4 

ES 

ES 

GJ 

ov 

819 

ACTION SWITCHES 

CPU 1 

CPU 0 

OFF 
BYTE (OPTIONAL) 

.... _ .... p 
ON 

866 

!NCR CONT 
OFF 

~ON 
RQlW ADDR (OPTIONAL) 

867 

CONT 
OFF RQlW (OPTIONAL) 

ON 
868 

OFF WHJ n; INCH ,, >l'TTONAL) 

ON 
869 

ON LINE FREQ INTERRUPT INHIBIT 
.... _ .... 
870 

OFF 

AL INHIBIT PWR RCVRY INTERRUPT-ALLOW PWR RCVRY ALO 

IN ALLOW PWR RC\'RY INTERRUPT-INHIBIT PWR RCVRY ALO 

OFF INHIBIT PWR RC\'RY INTERRUPT AND ALD 

ON 
PWR FAIL INTERRUPT INHIBIT 

OFF 
872 

OFF 
SPARE (OPTIONAL) 

573 
ON 

Swithc Panel Logic Diagram (SWB) 
LD2001002178-1, Rev. D (Sheet 6 of 6) 

Jl-03 

1 : CPUl-N 

J3-46 
CPUl-N 

Jl-01 

l 
CPUO-N 

J3-48 
CPUO-N 

Jl-07 

1 
BYSW-N 

J3-50 
BYSW-N 

Jl-09 

1 : ICAS-N 

J3-45 
ICAS-N 

J3-43 
RWCS-N 

J3-41 
INWA-N 

J3-30 
LFIN-N 

J3-27 
PRAL-N 

J3-32 
PRIN-N 

J3-34 
PFIN-N 

J3-42 
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Cl C2 C3 C4 + C5 

1 I I I I 
Cl6 Cl7 

C28 C29 C30 C31 

NOTES: UNLESS OTHERWISE SPECIFIED 

1. ALL RESISTORS ARE IN OHMS, ±2%, 1/4W 

2. ALL NON-POLARIZED CAPACITORS ARE O.lUF, +80%, 
-2p%, 50V. 

3. ALL POLARIZED CAPACITORS ARE 33UF, ± 20%, lOV. 

4. ALL DIODES ARE 8001100001. 

5. INTEGRATED CffiCUIT PACKAGE TYPE DESIGNATIONS 
ARE ABBREVIATED, FOR COMPLETE PART NUMBER 
SEE PARTS LIST. (REFERENCE LIST ON DRAWING 
8001800200. ) 

60 INTEGRATED CIRCUIT PACKAGE POWER PINS ARE: 
(8 PIN ICP) PIN 4 OV, PIN 8 +5V; (14 PIN ICP) PIN 7 OV, 
PIN 14 +5V, EXCEPT TI3 PIN 4 +5V, PIN 11 OV; 
(16 PIN ICP) PIN 8 OV, PIN 16 +5V, EXCEPT BDR 
PIN 7 AND 8 OV, PIN 16 +5V, TI6 PIN 5 + 5V, PIN 13 OV. 

[] +5V CONNECTOR PINS ARE: Pl-A16, A28, A29, A51, 
Bl6, B28, 829, B51; J3-21, 23, 25. 

r;i OV CONNECTOR PINS ARE: Pl-Al, A2, Al5, A40, A54,. 
U A55, Bl, B2, Bl5, B40, B54, B55; J3-l,2. 

C7 cs C9 ClO Cli Cl3 C14 Cl5 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 1 of 10) 

OY 



SUE 2220 MB2002001153-1 

SRUN-N 

~p=--------------------------- SFHT-P 3 

p 

p 

12 

SWRT-N 
J3- 7 p 

10 

SROO-N 
J3-49 p 

4 

10 

8 N 

I N 3 N 

READ-P 3 

WJUT-P 

RDRC: r· 

(7 OR •'EWER 
"ACTIONS'? 

3 

~ 

SINGLE ACTION-P
12 

0 
s oi.::~~p---+--+------+---~r--..,r---ii=--'------------- osn;-p 3 

10 MREU-N ------i~i-,;;.<l"-; 

OFBA-N ------1~~au25./ 

p 

SWIT-P -----.....;.;:'.../;,;-_,. 11 

FBA 
H74 
U29 

lFl.R-N ~J4~-~20=-----------------------------' 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 2 of 10) 

START ONE SHOT 

lST READ 

lST WRITE 

Fl.WR-N 6 

.. 
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I3 DD QD ~p 

QD ~4N 
5 

DB QB ~P 

2 READ-P-----------------------1 

QB R-N 

T175 
6 

4 
DA U4 QA S-1' 

2 

QA R-N 
3 

WRIT-P---------------------=-4 12 
DC QC S-P 

10 

QC R-N 

LEAR CLOCK 11 

9 

OAlG-N--------------
OSTS-P------...._ ______ _ 

2 RDRG-P-------1--------

2 WRRG-P------4--------

lFST-N-------+----. 

START 

RUN 

HALT 

READ 

WRITE 

10 
S-P 12 D S Q 

9 

FRG 
T74 READ REGISTER 
U3 

FWG 
Tu'.' WRITE REGISTER 

c <!> ~-N 
1 

FRNS-P 

FRNR-N 

FHTS-P 

FHTR-N 

FRDS-P 

FRDR-N 

FWRS-P 

FWRR-N 

FRGS-P 

FWGR-N 

~~;:__-J:..:4;....;-l:..:6~ FSAT-N 

STATE A 

---------<~------------ -4--------- FWlS-P 

FWI 
H74 
U33 

WA!Tl 

sk1i?:C~~N 
ANDACCE&" 

COMPLFTIONl 

FDNR-N---1--~1~2d':'.DN~A~T),:...P ______ ~---' 
FA TR-N 13 T~ 11 

STATE GENERATION 

FSAS-P 

FSDR-N 

6 D QC ~p 

5 c FS_ 

FSDS-P 
STATED 

Tl61 
3 A U34 

4 B QA ~p FSCS-P 
STATE C 

FSBR-N 
STATE A 

N 
10 LOAD 

FSBS-P 
STATE B 

..---'-----1~CLEAR QB~S-~,__P_._ _______ _ 

CLOCK 13 

2 

l ALL 7 ACTIONS STEP ONLY r 13 US MIN. 

OSTS-P ,-...-; 
~TARTPULSE)-J ~·~--'"'"------_.... __ 

1.9 MS MIN. 

CFOA-P BONS 

6, 7 

6, 9 

5,6 

5,6 

FSHR-N 
J4-13 

J~~?oi_,M1LfL.n_IlJLJl...JLJLJLJ1 3,5 

OFDS-N 

FCPR-N 

FBYR-N 

10 MREU-N 

CFOA-P 

CFlA-P SONS 

pfil'~ff)-~-4,__J1_ 

FSHR-N 

-----------~13 ~~;'e ")()""'~--------' (SlfiFT ADDR.)-<~ 
u•• (S~~-~-,_ ~,__ __ _...._ ____ _._ __ 

FBYS-P 
(PANEL BUSY)-<•-----•--' 

FWlS-P 
(WAIT 1)_., ____ ....,. 

DNAT-P 
(DONE+ ABORT)_..,__ ___ _, 

FSCS-P (STATE C)_,,,__ ____ ..._ __ ~_, 

FW2S-P (WAIT 2)_,,..._ ______ __. 

STEP OELAV PLUS BUS 

(Si:~-~l------<SEL..ECTION PLUS ACCESS~ 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 3 of 10) 
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SRLC-N Pl-A34 N 

CLQD-P-----------_..;:'i___.11 
5 

MR~U-N---------------.... ---. 
lFAD-N -------------~Oi 

6 

OFAD-N ---------------:.:.~, 
6 

DONF-P -------..-i 
10 

OACS-P------~~----___. 
2 

C4t---EJ 
6800 PF 

MB2002001153-1 

5 e~.N~ ~P ______ ..::.J.;;..3-....;8'-40RNL-P 

U79 (HALT) 

"wl.,:;N;_ ____ ...;;;J3;_-.:.;28~ FITL-N 
12 

'------------~FAHS-P 
5 

AUTO LOAD 

DN-----AULD-N 
11 10 

Ti' J4-22 
>-12----<:~T-P 

Pl-A7 ).REPB-N 

SRST-N~J3-:.=lS:...-+-----------------..... -----------·----------...!J~3::,-.:!,3 4REPL-N 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-l, Rev. C (Sheet 4 of 10) 
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SUE 2220 

8 FOLS-P---------------"L-~ 
QUIP-P ---------------1=-tO ~~~T IO-N ____ _ 

11 UIB 
FLDS-P--------------._..:..:;-r-~ 

3 FSAS-J> ----------------------'-! 

6 OFBY-P -----,---------------------! 

FAT 
T74 
U65 

t=:''N ... 
t'f.5 

FSP 
T74 
t•54 

r: HY 
T74 
U45 

MB2002001153-l 

DOC ABORT 

noc DONE 

t:--'=---t---------------------FSPS-P 6 

SINGLE STEP 

t-;;~;....;..p--11--------------------FACS-P 6 

SERVICE ADDRESS COMPARISON 

,.,,._--t--------------------FACR-N 6, 7 

PANEL BUSY 
(WITH STATE TRANSITIONS) 

J4 1 3 TP! 
EQA4-Pr---------------...... ------------1---t~~:c 'Xf-N'--------0-SCI-L-LO-S-C-0-P-E-T-RI-G-G-E-OR SYNC-N 

10 STRF.-P -----'"..\ 

10 STRD-P -----'"'-luL/ 

c 
10 B 

A 

13 

~i~- Qn..,,9----1 
V55 

CLKA··N Pl-ASO 

25 MHZ 
11 ~uc >-"-t---------' 

ueo 10 

10 MRI::l!-N------------------------' 

FOR SERVICING 

FCP 
T74 
Ul4 

""'""''------FCPS-P 6 

(SYNCHRONIZED) 
ADDRESS 

COMPARISON 

01'"'.~c--N-' ----FCPR-N 3,5 

J4- 8 
------<CLKI-N 

1.5625 MHZ 

-------------CLQD-P 4 
1.5625 MHZ 

>-:----------------CFOA-P 3,6 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 5 of 10) 



SUE 2220 MB2002001153-l 

MICRO OPERATIONS 

FCPR-N------------------------"1~3....--...r.RtOP\~ 
12J~!r '-'"i:...,.1-------------------SBCP-P - ~n;..N;.._ _____________ OFAD-N 

~ 3 RESE~~r A·CCESS 

13 

FRNS-P-----------------4--4----------1:=11~gP ,_,n.;..N--------------lFSP-N 
FHTS-P u2 ./ 8 SET SINGLE STEP 

.---------~12~U--- CONTROL FF 

FCPS-P-----------------+--+-----------11-i.....~ 

+5V 

1>--+------------"'il:~n;..~;.._----S-ET-SE-R-V-l-CE-A-DD-R-.---lFAC-N 5 

COMPARISON FF 

l:~n.;..N-------------- lFWl-N 
~ 8 SETWAITl FF 

lO~~p--------------OFAC-P 
9 u•• 8 RESET SERVICE 

- ADDR. COMPARISON FF 
11 

F1WR-N----------1---~---+---i9~~:~~N 
~8 

9 
12...---, ROW p 

FlRR-N------------------l--4--+-+--?liD-=.r.R;no...,1R N 10 TOO S 
11 ~ 13 

._+-----------~l ~~c N SET INCREMEN:
4

-
14 < lFNC-N 

FF (ADORE~ l 2 u•• 12 

FRDS-P------------------+---+--+-+-*----------1-"l~lL__ 
~ ~D'-'N _________ ORlW-N 2 

~ 8 Rs~8iis~~r¢f ii 
~~ 3 

FWRS-P------------------1---1--.--+-------------=-l~~!Crb'-':'---sE-T-lS_T_R_E_A_D_F_F __ lROW-N 2 

RESET lST WRITE FF 
n~ 4 

:tlo~CP p 
FSCS-P ------------.._------1---1---+---'"51~!' ..,6,__ _________ R_E_S-ET-A-DDR-.-C-O_MP_AR_ISO_N_ OFCP··P 5 

AND ADDR. MATCH PF'S 

FSBR-N-------------+------+---+---.Lf ' ~00 10~N8 l'>"-------R-E-SE-T-DD_C_DO_N_E_F_F __ OFDN-·N S, ~ 

~ N AND ABORT FF'S 
Ll!J~?~ JOc~.,...-t---t-----t--<_.....,.....qUU 6 

FSIXS-P ~13 I 13 ~6:" >-'p'----------OFWl-P 
~ p 2...---, U42 12 

FSPR-N 
..__ :.lu23 3 socs p 

RESET WAIT lFF AND 
WAIT 2 FF L!.1~~~}3 ll~&J'R~4 

.__ 5 ~~ 6 3 

CFlA-P ~· \~~;o n;;..=--S-E_T_B_U_S_A_C_C_E_SS __ lFAD-N 4 

FDNS-P-------------1-----+-+-+-+-+-------· 4 us
2 

DONE FF 

~ P 9 ~~~G N AlG N 
Li~!!_) .... s_..,1--t--t-+-+----tu42 ~~o--R --C-6-.-22-U--F- R5 SET READ REG F: ,- 3

' 9 

~-~~~:i~~E~;i,LMJlf.ING 
'tcR1 ~1?J,·::M·R~1:E, 

FSPS-P 

2 
14~ S-P DELAY SINGLE STEP 

._--~--...::....ir--°"1'1 o~ REAO REG. SERVICE NEED 

V 
~rfa ~~ :~ 

0 ..;:a! ..i::i! 
0 R-N \ mmr--

--------------1-------1-~-+-~-+-~-------::J'--'c3 4 \_____j///jj/ 10 MREU-N 

3 FSBS-P 5 ~~60 N 4 ~~io ='~'---S-ET_D_D_C_S-ER_Vl_C_E __ lFND-N 9 

C¥J30 '-------~--"-"-i' o•• :, -------S-E_T_:-:-:D-T-~-:-F--1F'W2··N 3 

,.,.,,_.,,,_., --1: ' :'ff ~ ' ' 

13~
2 ~~o"s n-;2--------------0FIJS-N 

1 RDWR-P-------------~2far D-N---1--4---1---1-~ REsii1Nsr~7'™° 
13 

U62 12 

~~~~-..,r--t-+-+-+~-=l""(J2! 

~ L___gj~~~ ~ RESET BUSY FF K7 ~ -~~:~:,_~:~~~~l-2-1-U->"--l-"'l-.~ '"";",~ p ·····------------- OFBY·P 5 
~J;:.:3o_-4.;.;:3;.._ ___ ....;3-<1RWC p • ~-----------lCl!Ne~ J.> 

RWCS-N, ___. ~~~ 4 4.J 2 ~~; 3 11 ~~r ...,;v,,.,_;.~;.._-S_E_T_S_TAR_T_F_F--lFST·N 

FACR-N-------------+------+--+-._ ___ 3-1J~fc," 0 N 

CFOA-P 5 ~ 6 4 ~g~o p 
5 U32 6 

FSDR-N 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 6 of 10) 
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FHIR-N 

FACR-N 

FRNR-N 

nni::-P 

11 CPC CONTROL REG. 
ADDRESS TO ADDR. BUS 

~llCRll OPERATIONS 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-l, Rev. C (Sheet 7 of 10) 
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J4-3 
CRAD-N 



SUE 2220 

FNDS-P 
9 

MHEU-N 
10 

FNlS-P 
9 

RFlS-N 
9 

DONF-P 
10 

SELD-N Pl-B3S 

SELl-N Pl-B3S 

PC'DA-P Pl-A2S 

N 
12 

MB2002001153-1 

I.DSR-N 
9, 10 

FlSS-P 
7 

LlSR-N 
9, 10 

FlSR-N 
10 

llONP-N 
s. 9 

l'l-B25 p 
1-8--+---------PCDB-I' 

..... ---------+----+----+--+--+------~~---+-~~------FSLH-N 
10 

>-'-----FOl.S-1' 
5 

· >'"--<---FOLR-N 
.--"l.11.l!ll./ 7,10 

STRC-P----+--+--+---------------------~ 
10 

QU!T-N Pl-1326 
.-----~--lFA~N 

9 

OFDN-N-------------------------~---------------=~~ 
6 

~--------------------(~L'IP-P 

Bl'S ACCESS LOGIC 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 8 of 10) 
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10 RITF-P-

10 AOlA-P----

FHDS-P 

SBCP-P 

FRGS-1' 

OAIG-N 

10 ~IREU-N 

lFAl>-N 

DON P-N 

SLAVE TO 
BE READ 

NEGATIVE INTERNAL v.-T IN NANOSECONDS 
MASTER STROBE 

I .,., 

MB2002001153-1 

I .; o I N ___ .,., _____________ _ 

STRC-P +--8 .,., .,., 
I ~ ~~ 

DOND-N -1-1------..:.\ __ J/l 
I 
I ~ ~:;;: c-- M -

00 :") ~ 
'":!'" ·~ •:":) 
,------,,.n 

POSITIVE DONE AT II r---\i 
MASTER RCVR OUTPUT -1-------..J ---'-----'U:.:...-

~---1-----..... -------·---------------------FSRH-N 

N 

~ ~ 
--LJij-

INITIATE DONE 

MASTER 
HEAD 

11 H-N 

LEVEL I 
5ERVICE 

NEED 

~~ 

~ 
""-'-------DOND-l\ 10 

(INTERNAL DONE) 

h'-'-----"'J.!..'1-_,.J-< ASC B-N 

ll (1.UAD ADDR. REG CLCX::K) 

0.:..:------'J~.J~-2~3-<uscB-N 
(LOAD DATA REG, CLUCK) 

'>n'---+---------"J-'-; ~-2:..:•-<FMHA-N 

N 
b-------HFl~N 

12 

FTTH-N--------------+-------+-------1 

LAST SERVICE 
REQUEST ON 
DDC LEVEL 

DDC LEVEL 
SERVICE NEED 

Panel Bus Interface Logic Diagram (PBI) 
LD2001002165-1, Rev. C (Sheet 9 of 10) 
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PRAL-N 
J3-2'1 

PRIN-N 
J3-32 

PFIN-N J3-34 

LFIN-N J3-30 

BSYL-N 
J4-5 

BTlA-P 
Pl-A30 

BT2A-P Pl-A31 

BT3A-P Pl-A32 

BT4A-P Pl-A33 

1---1_-2--"-J~
7-3_-4~ PANEL CAN READ/WRITE INTO: 

OPBN OPEN ~r=ga;R~g~~i~N VERSION) 

ANY UNPROTECTED MEMORY 
JUMPER OPEN t&.~1bW: ~~JN~ 1fn.&1bOTECTED 

OVERRIDE CODE Cl = O, CO = 1 

ANY UNPROTECTED MEMORY 

OPF.N JUMPER ~~~1b1i8: ~~Dr:~ '}[{,~~OTECTEO 
OVERRIDE CODE Cl =I, CO =0 

ARAB-P --------=-9~N vs 

RlO 
5.lK 

[)~ 

2 
04 

II DI 

13 D2 

13 D2 

11 DJ 

BYTG-N --------------------------<! 

FlSR-N -------~12::(;;;~ 
FMRR-N D"''------<-.A,('l.f'"""""-4t------tt----"<l II' 

C44 

BDR 
U40 

STROBE 
15 

BDR 
l'~O 

AOUT-P 

cb"'J 
LDSR-N --------------------------a !>I 

LlSR-N --------------------------a D'l 

BDR 

B3 

03 

ll4 

°' 
Bl 

10 

01 
12 

B2 

02 
14 

MB2002001153-1 

Pl-A21 
PRAL-N 

Pl-A22 PRIN-N 
Pl-B21 PFIN-N 
Pl-B22 

LFIN-N 
J3-5 

BSYL-N 
Pl-B30 ) BTlB-P 
Pl-B31 

BT2B-P 
Pl-B32 BT3B-P 
Pl-B33 

BT4B-P 

Pl-A27 
DONE-N 

DONF-P 

Pl-A26 
SACK-N 

Pl-All A.BOl-N 

AOlA-P 

Pl-A06 
MRES-N 

MRET-P 

n:.:~-----MREU-N 

4,8 

7,9 

2,:t,4.a. 
r:. ~L. 

82 "'-----------=-P=-l-c..;A:::.ZO'-"AB16-N/KEY0-1'1 

02 
H 

Bl 
10 

Pl-B20 )AB17-N/KF.Yl-N 

01 
12 

ll4 Pl-B23 ) BYTE-N 

<14 ;-

II.!·'-; 
_____ Pl-A23 ) RITE-N 

r-·-. ·- ------ RITF-P 

ll4"'--------- Pl-A35) SRLD-N 

04 

113 Pl-A36 ) SRl.l-N 

03 

AULD-N ----------------------------"
1
'<1
3 

D? 
t:5o u2 Pl-B5) ~TLlJ-N 

STitoBE GENERATION 

·-------~ STRB-N 

-·----·----- STRC-P 

-·- ·-----·----- snw .. p 

-· .. --------- snu:-P 

Panel Bus Interface Logic Diagram (PBI) 
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200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

SUE 2220 

S QTY SERIAL NO. 
~ REQD START END 

REF ~)()()1 

A/R ~mo 1 

REF mm 

RH ~10() 1 

REF. 0001 

REF 0001 

REF 0001 

REF 0001 

REF ()()(j 1 

REF ()()() 1 

REF 0001 

MB2002001153-l 

PART NUMBER CODE DESCRIPTION 1 SPECIFICATION I I MATL/NOTE(S) 
IDENT VENDOR REF DESIGNATION(S) 

SPE C/D\\G/6TO ~OTE: 

LE CP1049• 1 7 !MARK DASH NUMBER, REVISION LETTER AND SERIALIZE USING 
IA FO~ DIGIT NUMBER STARTING WITH 0001 PRECEDED BY 
M (KlOCl1). 

~REA TO 8£ FREE OF SOLDER. 

TOTAL WARP AND TWIST SHALL NOT EXCEED .010/INCH IN 
GENERAL AREA AND .005/INCH IN CONNECTOR AREA. 

COMPONENTS NOT CALLED OUT BY THEIR FIND NO. ON FACE 
OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNATIONS. 

I 

MAXIMUM COMPONENT HEIGHT (SIDE 1) .395 MAXIMUM. 

PROTRUSION (SIDE 2) .075 MAXIMUM. 

SQUARE PAD ANO/OR STRIPE DENOTES CATHODE END OF DIODE. 

MAXIMUM COMPONENT CONFIG~ATION DEPICTED ON FACE OF 
DRAWING. FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 

SQUARE PAO AND/OR DOT DENOTES PIN 1 OF ICP. 

TRIANGLE SYMBOL DENOTES TERMINAL PIN LOCATION. 

Parts List, Panel Bus Interface (PBI) 
PL2001002165-1, Rev. D (Sheet 4) 

FIND 
NO. 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 



20 

20 

() 

20 

20 

1 

2 

3 

20 ... 

20 

20 

20 

20 

5 

~ 

71 

~ 

~ 20 

21 0 

SUE 2220 

S QTY SERIAL NO. PART NUMBER ~ REQD START END 

REF ()()01 SPE.C/~/STD 

AIR 0001 LECP1049· 17 

REF 0001 

REF 0001 

REF 0()01 

REF 0001 

REF 0001 

REF 0001 

REF 0001 

REF 0001 

REF 0001 

MB2002001153-l 

CODE 1 SPECIFICATION j I MATI./NOTE(S) 
IDENT DESCRIPTION VENDOR REF DESIGNATION($) 

NOTE: 

MARK DASH NUMBER, REVISION LETTER AND SERIALIZE USING 
A FOLR DIGIT NUMBER STARTING WITH 00Cl1 PRECEDED BY 
M ( ..r>OCl1 ) • 

AREA TO BE FREE OF SOLDER. 

TOTAL WARP AND TWIST SHALL NOT EXCEED .010/INCH IN 
GENERAL AREA AND .005/INCH IN CONNECTOR AREA. 

COMPONENTS NOT CALLED OUT BY THEIR FIND NUMBER ON 
FACE OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNAT-
IONS. 

MAXIMUM COMPONENT HEIGHT (SIDE 1) .395 MAXIMUM. 

PROTRUSION (SIDE 2) .075 MAXIMUM. 

SQUARE PAO ANO/OR STRIPE DENOTES CATHODE END OF DIODE. 

MAXIMUM COMPONENT CONFIGLRATION DEPICTED ON FACE OF 
DRAWING. FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 

SQUARE PAD AND/OR DOT DENOTES PIN 1 OF ICP. 

TRIANGLE SYMBOL DENOTES TERMINAL PIN LOCATION. 

Parts List, Control Panel (PCB) 
PL2001002177-1, Rev. D (Sheet 4) 

FIND 
NO. 

2()() 

201 

202 

203 

20 ... 

205 

206 

207 

208 

209 

210 



001 

002 

003 

004 

()()5 

P. 

007 

ooe 

009 

OH ) 

200 

201 

202 

203 

204 

205 

206 

207 

WB 

209 

2H .. 

M B2002001153-1 

S QTY SERIAL NO. 
~ REQD START ENP 

PART NUMBER 

OOCJ ()()() 1 2CJ01002178· 1 

F 065 ()()() 1 100500013 7-1 

065 ()()() 1 RL07S271' 

002 0001 T8201 

001 0001 T8206 

000 

001 0001 ~)01300311 ·2 

014 00()1 1005000 764- 1 

A/R 0001 SN6CJ/SN63 

001 0001 1()() 100411+ 2- 1 

CODE l SPECIFICATION I 
IDENT DESCRIPTION VENDOR 

swe-CKT CARO ASSY 

LICHT EMITTINC DIODE 

RESISTOR MIL·R·22681t/1 

86140 SWITCH, TOGGLE CONTROL SWITCH 

81640 SWITCH, T();GLE CONTROL SWI T CH 

CAPACITOR 

PIN, TERMINAL 

SOLDER OO·S-571 

PRINTED \llR.; BO, swe 

Parts List, Switch Panel (SWB) 
PL2001002178-l, Rev. H (Sheet 2) 

SUE 2220 

1 MATLjNOTE(S) FIND 
REF DESIGNATION($) NO. 

USED ON SI.£ 2220 1 

CR1 Tt«U CR17, 
CR19 Tt'RU CR66 

2 

R 1 Tt«U R34, 3 
R36 THRU R66 
.5 IS 

S70, 72 .. 
S71 5 

6 

C1 • 8 IS 7 

8 

9 

10 

S QTY SERIAL NO. 
PART NUMBER CODE DESCRIPTION l SPECIFICATION I J MATL/NOTE(S) FIND 

~ REQD START END IDENT VENDOR REF DESIGNATION(S) NO. 

REF 0001 SPE C/[W;/STO 

AIR 00()1 LECP1049·17 

REF 0001 

REF 0001 

REF 0001 

REF 0001 

REF 0001 

REF 0001 
-

REF 0001 

REF 0001 
I 

REF 0001 

NOTE: 

MARK DASH NUMBER, REVISION LETTER ANO SERIALIZE USING 
A FOl.R DIGIT NUMBER STARTING WITH 0001 PRECEDED BY 
M ( Kl001 ). 

AREA TO BE FREE OF SOLDER AS SH~. (BOTH SIDES) 

PRINTED CIRCUITRY SHCMN IS PHYSICALLY ON COMPONENT 
SIDE. 

COMPONENTS NOT CALLED OUT BY THEIR FIND NO. ON FACE 
OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNATIONS. 

MAX I MUM COMPONENT HE I GHT • 3CXJ. 

LEAD PROTRUSION .075 MAXIMlJo1. (BOTH SIDES) 

MODIFY SWITCH LEVER AS SHOWN. 

LEOS ( ,INO NO'. 2) TO BE It. LINE WllHlN .0'3CJ. 

MAXIMUM COMPONENT CONFIGLRATION DEPICTED FACE OF 
DRAWING, FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 

HOLES NOTED' SHALL HAVE NO SOLDER PROTRUSION JN 
COMP ONE NT SI .• 

Parts List, Switch Panel (SWB) 
PL2001002178-l, Rev. H (Sheet 5) 

2CXl 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 



SUE 2220 

S QTY 
~ REQD 

()( 

()( 

oc 
()( 

)1 

12 

13 F 

l4j F 

'11 q ~ 

()( 

()( 

Jsj F 

l~ F 

()( 

oc 
l~ F 

l9j F 

01 

01 

01 

01 

01 

01 

01 

01 

01 

l. 

02 

n2 

02 

02 

02 

02 

02 

02 

(~ 

1 ~ 

2 F1 

3 ~ 

4 Fl 
5 Fl 
61 ~ 
7 F 

fl F 

9 F 

( 

1 F1 

2 F1 

3 ~ 

4 F 

5 

6 F 

7 F 

8 ~ 

~ F 

(~ 

1 

2 

~ F 

41 

9 

~ 

02 

02 

03 

03 

03 

03 

03 

03 

03 

0 ·~ f 

ooq 
001 

()()1 

()()1 

001 

()() 1 

004 

001 

00~ 

000 

001 

002 

001 

()().1 

001 

001 

001 

001 

()()1 

009 

004 

()() 1 

003 

001 

000 

001 

004 

001 

004 

000 

001 

000 

003 

004 

001 

()()5 

001 

SERIAL NO. 

START END 

0001 

0001 

0001 

0()()1 

0001 

()()01 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

C)001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

PART NUMBER 

20010021 77-1 

1001 004841 -1 

8001 800044- 1 

8()()1 800049-1 

8001 800046- 1 

8001 8000 72- 1 

8001 8000 74-1 

8()()1 800043-1 

8001 800() 76- 1 

8001800045-1 

80018()()()92 - 1 

8001 800098- 1 

8001 800099- 1 

8001 8()()1 01 - 1 

8001 800110-1 

8()()1 8()()11 7- 1 

8001800042-1 

8001800081-1 

8001800123· 1 

1 00 5000 764- 1 

8001803166•1 

8()()1803126-1 

8001803134-1 

8001803143-1 

8001 803169-1 

8001803181-1 

8001803195-1 

SN75453P 

8()()18(~3155-1 

N8266B 

H01·0165·5 

N8242A 

80()1 803204-1 

CODE J SPECIFICATION I 
IDENT DESCRIPTION VENDOR 

PCB·CKT CARO ASSY 

PRINTED \\RG BO, PCB 

ICP 

I CP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

ICP 

I CP 

PIN, TERMINAL 

ICP 

I CP 

ICP 

ICP 

ICP 

I CP 

I CP 

01295 ICP TEXAS I NS 1 ;; I NC 

ICP 

18324 ICP ';JGNETICS 

34371 ICP HARRIS SEMiCOND 

18324 ICP SIGNETI CS 

I CP 

Parts List, Control Panel (PCB) 
PL2001002177-1, Rev. D (Sheet 2) 

MB2002001153-l 

I MATL/NOTE(S) FIND 
REF DESIGNATION(Sl NO. 

USED ON SLE 2220 1 

2 

~2 ( 74H04) 3 

U63 ( 74H21) 4 

U29 ( 74H10) 5 

U24 ( 7400) 6 

~.17)7,37 7 
( 7402 

U14 ( 74H01) 8 

US,15,25,35,45) 9 
55, 65, 75 ( 7404 

10 

US9 ( 74HOS) 11 

U27,44 (7451) 12 

U22 ( 7473) 13 

U33 (7474) 14 

U32 ( 7476) 15 

U12 ( 7493) 16 

U11 ( 74150) 17 

U54 ( 74HOO) 18 

U23 ( 7440) 19 

Ul0,20,30,40,50) 20 
60, 70, 80, 39(BOR 

NOTE 210 21 

U72 (74154) 2? 

U9, 34, 79 ( 7408) 23 

U13 ( 7425) 24 

25 

U74 ( 7486) 26 

l..16,16,26,36 27 
( 74157) 

U62 ( 741 75) 28 

US,28,58,78 29 
( 74198) 

30 

U2 31 

32 

U3, 43' 64 ( 74123) 33 

~6,56,66,76 34 

U52 35 

~ 7' 5 7' 6 7, 69, 77 36 

~9 (74515) 37 



MB2002001153-1 

S QTY 
~ REQD 

03 8 E 

9 03 

040 

04 

04 

04 

04 

04 

04 

04 

04 

05 

05 

05 

1 

2 

3 

5 

6 

7 

8 

~ 
(l 

1 

2 F 

~ 

ll 

~ 
;~ 

e A 

9 

,q 
1 

12 F 

13 

I~ 

.'I: 

1€ 

05 

05 

05 

05 

05 

05 

05 

06 

06 

06 

06 

06 

06 

06 

007 

001 

()()2 

004 

005 

002 

001 

001 

002 

000 

025 

001 

001 

000 

027 

000 

000 

000 

'()()3 

002 

()()1 

001 

001 

004 

001 

001 

002 

A/R 

REF 

SERIAL NO. 

START END 

~)()()1 

0001 

0001 

0001 

()()()1 

0001 

0001 

0001 

0001 

0001 

0001 

00()1 

()()() 1 

0001 

0001 

()()() 1 

0001 

0001 

0001 

()()01 

0001 

0001 

0001 

0001 

PART NUMBER CODE I SPECIFICATION I 
IDENT DESCRIPTION VENDOR 

8()()1100001 - 1 DIODE 

RL07S680G ~ESISTOR MIL·R-22684/1 

RL07S562G RESISTOR MIL·R-22684/1 

RL07S301G RESISTOR MIL·R·22684/1 

RL07S512G RESISTOR MIL•R•2258&t/t 

RL07S911G RESISTOR MIL·R·22684/1 

RL07S103G RESISTOR MIL·R-22684/1 

RLCl7S303G RESISTOR MIL·R·2268'/1 

RL07S152G RESISTOR MIL·R-22684/1 

RL07S102G RESISTOR MIL·R-22684/1 

RL07S153G RESISTOR MIL·R-22684/1 

C932402 01295 SOCKET, RCPT TEXAS INSTR INC 

ecm 1 300101 - 1 CAPACITOR 

8001300311--2 CAPACITOR 

8001300412-1 CAPACITOR 

8001 300015 -1 CA PACI TOR 

192P2249R8 56289 CAPACITOR SPRAGUE 

DM•15· 181 J 72136 CAPACITOR EL MENCO 

DD-330 43543 INDUCTOR NYTRONI CS 

8001600008-1 DELAY LINE, FIXED 

80013()(}333w2 CAPACITOR 

CM05FD391 J03 CAPACITOR MIL·C·5/18 

SN60/SN63 SOLDER OO·S-571 

LD2001002177·1 LOGIC DIAGRAM 

Parts List, Control Panel (PCB) 
PL2001002177-1, Rev. D (Sheet 3) 

SUE 2220 

I MATL/NOTE(S) FIND 
REF DESIGNATION(S) NO. 

CR3,4,2, 1,6,5, 7 
.5 IS 

38 

R40 .5 IS 39 

R11,12 .s IS 40 

R20,29,42,44 41 
.5 IS 

R9,10,38,39,41 42 
.5 IS 
R13, 16 .S IS 43 

R33 .s IS 44 

roa. .5 IS 45 

R19,35 • 5 IS 46 

47 

R1,2,3,4,5,6, 7, 48 
8, 14, 15, 17, 18, 
21,22,23,24,25, 
26, 27, 28, 30, 31, 
32,36,43 .5 IS 

R37 .5 IS 49 

J4 (21.f PIN) 50 

51 

CS, 6, 7, 10, 12, 14, 52 
15,16,17,18,20, 
21,23,25,27,28, 
29,30,33,34,35, 
36,37,3,4,8,9 
.25 IS 

53 

54 

55 

ct3,38,26 ~sis S6 

C1,2 ~e IS 5"7 

C19 .1 IS 58 

C22 .8 IS 59 

C32 .25 IS 60 

L1,2,3,4 .5 IS 61 

DL1 62 

C31 .8 IS 63 

C11,24 .25 IS 64 

65 

66 
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SE1£1AL NO. 
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0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 
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0001 

0001 

()()() 1 

0001 

0001 

0001 

0001 
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0001 

CODE I SPECIFICATION I 
PART NUMBER IDENT DESCRIPTION VENDOR 

2001002165· 1 J'Bl·CXT CARO ASST 

100100480 7-1 PRINTED ~G BO, PBI 

8()()1 300101- 1 CAPACITOR 

~130031'•2 CAPACITOR 

<Ml5ED300G03 CAPACITOR MIL•C•5/18 

8001 30001 5-1 CAPACITOR 

8001300020·1 CAPACITOR 

192P2249R8 56289 CAPACITOR SPRAGUE 

8101300065-1 CAPACITOR 

RL07S512G RESISTOR MIL·R-22684/1 

RL07S681G RESISTOR MIL·R-22684/1 

RL07S102G RESISTOR MIL·R-22684/1 

RL07S301G RESISTOR MIL·R-22684/1 

RL07S153G RESISTOR MIL·R-22684/1 

RLO]S303G RESISTOR MIL·R-22684/1 

RL07S103G RESISTOR MIL·R-22684/1 

RL07S680G RESISTOR MIL·R-22684/1 

RL07S221G RESISTOR MIL·R-22684/1 

8CXJ 1600008· 1 DELAY LINE, FIXED 

8()()11()()()01•1 DIODE 

8001800072-1 ICP 

8()()1800042· 1 I CP 

80()1800074-1 I CP 

8001 8()()() 75- 1 ICP 

800 1 800044- 1 ICP 

8001800045·1 I CP 

80()1 800(>46· 1 ICP 

8001 80004 7 - 1 I CP 

8()(11800048· 1 I CP 

Parts List, Panel Bus Interface (PBI) 
PL2001002165-1, Rev. D (Sheet 2) 

MB2002001153-l 

I MATL/NOTE(S) FIND 
REF DESIGNATION($) NO. 

USED ON Sl.£ 2220 ~ 

~ 

~ 

C1,2,3,4,C7 THRU ~ 
C11., Ct 3 THRU C39 
• 25 IS 

C5,40,43 .8 IS Is 
C12 .25 IS Ifs 
C41 .1 IS 7 

C42 .2 IS 8 

C6 .8 IS 9 

ca.a. .25 IS 10 

11 

R6, 10, 11, 19,37 
.5 IS 

12 

R13, 34 • 5 IS 13 

R1,2, 7,8,9,R14 14 
T~U R18,R20 
T~U R33 .5 IS 

R4 .5 IS 15 

R35 .5 IS 16 

RS • 5 IS 17 

R36 • 5 IS 18 

R3, 12 .5 IS 19 

R39 .5 IS 20 

DL1,DL2 21 

22 

CR1,2,3 .5 JS 23 

24 .. 
U7, 13,23,26,27, 25 
43, 64} 66, 71, 76 
(71l00 

Ul 0, 12. ( 74HOO) 26 

U15 ( 7402) 27 

U22 ( 7403) 28 

U24f42,49}60,73, 29 
80 74H04 

U79 ( 74H05) '30 

U9,18,48,52,56, 31 
58, 62, 63, 67, 66, 
74' (741"110) 

U6 ( 74H11) 132 

U2,69 (74H20) 33 

t 
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REF 

SERIAL NO. 

START END 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

PART NUMBER CODE I SPECIFICATION I 
IDENT DESC.RIPTION VENDOR 

8()()1 800049-1 ICP 

80()1 800054-1 ICP 

8()()1 800056-1 ICP 

8001 800098- 1 I CP 

8001800099-1 ICP 

8001800123-1 ICP 

8()()1800043-1 ICP 

8001800101 ·1 I CP 

8001 803198- 1 I CP 

8()()1 8031 26- 1 I CP 

8()()1 803202-1 ICP 

8001803203-1 ICP 

8()()180313 7-1 ICP 

8()(11 803, 21 - 1 ICP 

8()()18031 71-1 ICP 

8001803194-1 ICP 

SN75452P 01295 ICP TEXAS INSTR INC 

8()()1803155· 1 I CP 

~01803161-1 ICP 

8001BCJ3200·1 ICP 

C932402 01295 SOCKET, RCPT TEXAS INSTR INC 

1005000764-1 PIN, TERMINAL 

SN60/SN63 SOLDER oo-s-s 71 

LD2001002165·1 LOGIC DIAGRAM 

Parts List Panel Bus Interface (PBI) 
PL2001002165-1, Rev. D (Sheet 3) 

SUE 2220 

l MATL/NOTE(S) FIND 
REF DESIGNATION(S) NO. 

US ( 74H21) 34 

U8 ( 74H51) 35 

U59 (74H55) 36 

U78 ( 7473) 37 

U3, 14,45~ 46, 54, 38 
65 ( 7474 

U30,40, 50 (BDR) 39 

U16, 32 { 74H01) 40 

~4 {7476) 41 

U20,47, 57( 74SOO) 42 

U25,35,36,53, 75 43 
( 7408) 

U38 ( 74510) 44 

U39 (74S11) 45 

U1 , 11 ~ 1 2 , 70 46 
( 7432 

U29, 33 ( 74H74) 47 

U34 { 74161) 48 

U55 (74197) 49 

U19 50 

U17, 77 ( 74123) S1 

~ ( 74175) S2 

U37 ( 74S04) S3 

S4 

JtJ (24 PIN) SS 

S6 

S7 

NOTE 210 58 

59 

60 

61 



APPLICATION REVISION 

NEXT ASSV USED ON LTR DESCRIPTION DATE APPROVED 

.. 
J T 1111 JI J 11 l 11Jl11111 T T 11 

RECORD OF REVISION STATUS OF EACH SHEET 

CONTRACT NO: n ~ 
t-----~"l"°!""""l"---..... ...... +--1' LI a IL~fiD) DRAFTSMAN~<_) , "' ', ~1 

Bolt Beranek and Newman Inc. 
Cambridge Massachusetts 

DRAWING TITLE 
CHECKER 

PBI TECHNICAL REF 
ENGINEER~ ,.A.,'? 

,_ ~ '..l(:.:,,:.-·~··: 

APPlZJ:,, ~,:~ ~ ,; -~? -~' ~: 
APP'D :(CUSTOMER) 

SIZE 

A 
CODE IDENT Nu. DRAWING NO. 

PBI-(S)S 

'--··-· -
1 REV A T SHEET 1 OF 2 -------·------ ·--- --- -----...!..------'------...i..--------SCALE 





PBI CONTROL PANEL-PANEL BUS INTERFACE Lockheed 

see also PCB-05, SWB-05 

Status 

Switches 

Jumpers 

BIT 

16 

17 

address none 

none 

Memory Protect Access (Assert Key Bits) 

These jumpers will assert address lines 
16 and 17 as tabulated below, during a 
control panel reference to memory space. 

CONNECT TO 
FROM 1 11 
J7-l J7-2 -
J7-3 J7-4 -
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PBI Assembly (Modification) 

1. This applies to LEC PBI's of all revision levels. 

2. Parts needed: 

BBN # 

5 
130 
181 

1 
1 
1 

ITEM 

24-pin DIP socket (Augat) 
CIT-10 TAG 

0

6-32 X 1/4 nylon screw 

3. Install plastic tag with board type and serial number. 

4. Replace 24-pin DIP socket (J4) at notched end of the board 
with the.24-pin Augat socket. (See Figure 1) 

5. Solder a wirewrap wire to the right of the gold plating on 
the finger shown in Figure 1. Wirewrap the other end to 
J7:01 as shown. 

6. The added wire allows selection of key bits for console 
reference~. 
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DETAIL 

(see page 4 for Figure 1) 

Fix to Console (1) on PBI cards 

,..---------·--------------------------

_] 

1 PBI 

2. 
0 0 

J"'..., 
3 0 0 ~ 

l-----·--------·--·--·-------·--------

. IND\CATFS 

GOLD "PLATlt-!S 

ON FINGE\-\~~ 

\ 
a wire-wrap wire 

wrap other end to J7:01 

\ 
\ 
! 

secure wire by routing underneath 
resistor leads, etc . 
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PCB-02 Logic Description 

PCB-05 Technical Reference 
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PCB CONTROL PANEL--CONTROL PANEL BOARD Lockheed 

see also PCB-05, SWB-05 

Status Address none 

Switches none 

Jumpers 

Control Panel Address 

Panel Number Connector Connector 
J5 J6 

1 -- --

" 
2 -- 1 to 2 

3 1 to 2 --
4 1 to 2 1 to 2 
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PCB Assembly (Modification) 

1. This applies to LEC PCB's of all revision levels. 

2. Parts needed: 

BBN # 

5 
130 
181 

1 
1 
1 

ITEM 

24-pin DIP socket (Augat) 
CIT-10 TAG 
6-32 X 1/4 nylon, screw 

3. Install plastic tag with board type and serial number. 

4. Replace 24-pin DIP socket (J4) at notched end of the board 
with the 24-pin Augat socket. (See Figure 1) 
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Report No. 3004 Bolt Beranek and Newman Inc. 

PID LOGIC DESCRIPTION 

Address Recognition and Decode 

The PID recognizes the following addresses: 

FXYOZ where XY = EO, E8, FO, F8 

and Z = 0 (R/W) 

2 (R only) 

4 ( R/W) 

The 20 address wires are received from the INFIBUS by BDRs. 
The low-order bit is ignored. ADC1 prevents recognition of Z=6. 
ADC6 prevents recognition of writing to Z=2. PIA11 and PIA12 are 
the switch-selected levels to choose X and Y. These are EX-ORed 
with AB 11 and AB 12 to produce ,ADC4 and ADC5. Thus ADCOM- is low 
when a satisfactory address is received. 

STRB+ is delayed by an EX-OR gate (to allow for address 
decoding gating) and ANDed with HJLD- (i.e., prevent recognition 
until the fall of HOLD) to form CLKAD+ which clocks the ME flop. 
This flop is operated in an inverted manner; ME+ is true when the 
Q output is asserted, etc. ME+ is cleared by the fall of 
undelayed STRB+. 

Since the priority tree takes some time to settle, a 
subsequent access to the PID must be delayed until the outputs 
are stable; thus, a timer (BUSY) is included. When ME+ comes 
true and BUSY is not true, a 60 ns timer (DODON) is started. 
This delays the beginning of DONET until the data on a READ has 
come back through the BDRs to the input logic (see Overview 
below). A 50 ns DONE pulse, whose trailing edge starts the BUSY 
timer (300 ns), is then produced. 

Since processors cannot assert address bits 18 and 19, 
single-bus IMPs have a problem a processor must directly 
reference a device without an intervening bus coupler. Because 
devices expect these two bits to be true, they are never 
addressed, and therefore, the PID (which we posit to be always 
present, even in the smallest IMP) includes a switch 
(Single/Multiple Bus Control) to force these lines always true 
(low). Because the PID is always a slave, it need never 
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Report No. 3004 Bolt Beranek and Newman Inc. 

broadcast an address, hence the ENABLEs of the other BDRs are 
low. 

Memory, Priority Tree, and Output 

The 127 levels are stored in 16 Fairchild 9334 addressable 
latches, 8 bits to a latch (level 0 is always true). The outputs 
of these latches are numbered, e.g., F093 means ninth package, 
third level. Larger numbers are higher priority. The latches 
are operated inverted; a level is asserted if its output is low. 

Associated with each latch is a 9318 priority tree which 
outputs the 3-bit number of the highest level asserted within 
that group (e.g., R124 means group 12, 14 bit). The Group Select 
output is asserted if any level within that group is true. 

The Group Select outputs are in turn input to another pair 
of 9318s to determine the number of the highest priority group 
with a true level. If the Group Select of the high order 9318 is 
true, the desired level number is in groups 8-15 and the high 
order bit (bit 7) should be a one; therefore DB07X is taken 
directly from the GS output. The sense of this signal also 
determines the second level 9318s from which to take the rest of 
the group number;* therefore, DB07X switches the multiplexer 
whic~ outputs DB04X-DB06X. These 4 bits of the group number are 
used by three multiplexers to select the 3 bits output by the 
priority tree of that group. These 3 bits are then used as the 
low order 3 bits of the output level. 

The seven lines DB01X-DB07X contain the number of the 
highest priority level that is set. These are latched by the two 
74175s at the trailing edge of BUSY, i.e., after any change has 
had a chance to propagate through the tree (CKLAT also latches 
the lines after a reset cycle, see below). The outputs of the 
latches go to the driver inputs of the data BDRs and to seven 
LEDs mounted on the rear edge of the board which displays the 
highest priority level set at any time. 

*Since level 000 is forced true, we are assured that there is 
always a true level in the lower half. 
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Input 

This section performs two functions: to address the correct 
latch in the memory and to provide the correct sense of the data 
to be inserted in that latch. The four high-order data bits 
drive a demultiplexer that enables the correct latch. The 
address within that latch is determined by data bits 1-3 which 
become PILO-PIL2. 

The data input to the latches is LDAT, which, driving normal 
accesses, is determined by SET PI. SET PI= (RITE • AB02) + ABO 1, 
giving the following truth table: 

z R 

0 

2 0 

4 

w 

no 
done 

0 

[write address] 

[read address] 

[clear address] 

Thus a READ to the read address or a WRITE to the clear 
address clears that latch; a WRITE to the write address sets it. 
A READ to either of the addresses which are normally WRITten to 
causes LDAT to be true, i.e., reset the highest set level (don't 
change anything). These addresses must be recognized to allow 
for the early processors' prefetch before a MOVE to memory. 

LDAT and the PILs are buffered (e.g., PILO- becomes PILOA+ 
and PILOB+) to drive the necessary load. 
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Reset 

Since the latches are operated inverted, the proper reset 
condition (no levels on) is with all latches set; thus the usual 
CLEAR inputs will not suffice. Instead, the occurrence of MRES 
sets the RES flop to begin a reset cycle. RES switches the 
multiplexers which determine the PILs and LDAT from bus data to a 
counter driven by CLKA, the 25 MHz bus clock. LDAT is held to 
zero and the enable demultiplexer is always enabled; thus the 
PILs will cycle through all values, setting each latch to logical 
zero. When the counter overflows, RSDON clears RES.* 

Overview 

On a WRITE operation to the write address, the address is 
recognized and ME is set. While the DODON delay is running, the 
data bits (i.e., the level to be set) are propagating to the 
enable demultiplexer and the address inputs on the latches. LDAT 
also is being set properly. When DONET fires, the proper latch 
is enabled and LDAT is strobed in. The receipt of DONE by the 
originating master will cause him to remove the data bits from 
the bus and lower STRB, which resets ME. BUSY prevents any 
subsequent access until the worst-case new information can 
propagate through the priority tree and be captured in the output 
latches. 

On a READ operation to the read address, the address is 
recognized and ME is set. Since RITE is false, DREN will be true 
while ME is true. Thus the highest level set (captured in the 
output latches on the previous access) is output to the bus. 
While DODON is running, the transmitted data is being received 
by the BDRs and routed to the demultiplexer and address inputs 
on the latches. When DONET pulses, indicating to the originating 
master that the data on the bus is valid, the demultiplexer is 
enabled, causing that latch to be cleared (LDAT=O). The cycle 
ends and BUSY works in the same way as for a WRITE. 

A WRITE operation to the clear address works just as it 
would to the write address, except that LDAT=O, so the addressed 
latch is cleared rather than set. 

*In fact, since RES is long (50 ms.) about 500 RES cycles will 
take place. 
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"F'' STICKING PROCEDURES, FOR ~INGLF PUS M.ACHINES 
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This Maintenance bulletin contains a detailed description of the Sl~E 4G01 Input/ 
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this module and SUE General System Bulletins for background information. 
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SUE 4601 

INTRODUCTION 

SUE 4601 INPUT /O"fJTPUT HIGH SPEED 

PAPER TAPE CONTHOLLER 

MAINTENANCE BULLETIN M4601 

M 132002001242-1 

SUE 4601 Input/Output (I/O) High Speed Paper Tape (HSPT) Controller interfaces 

with HSPT devices using TTL high-true logic for both input and output data, and 

is capable of half-duplex operation. Csing the basic SUE 4501 controller module, 

SUE 4601 is configured by jumpers to interface with one paper tape reader and/ 

or one paper tape punch of the following equipment: 

SUE Peripheral Device 
Model Number 

6714 High-Speed Paper Tape Reader 
with Spoolers 

6715 High-Speed Paper Tape Reader 
without Spoolers 

6716 High-Speed Paper Tape Punch 

6719 High-Speed Paper Tape Reader
Punch 

Corresponding 
SUE Maintenance Bulletins 

M4601, M6714/6715 

M4601, M6714/6715 

M4601, M6716 

l\'l4601, M6719 

Maintenance bulletins in the 6700 series contain descriptions unique to each 

peripheral device. 

Figure 1 is a general block diagram of the SCE 4601 HSPT Controller. The 

seven blocks in the diagram represent functional logic groups that operate to 

receive and transmit input and output data between the INFIBUS and HSPT 

equipment. Paragraphs following define each functional logic group. 
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DATA BCS DRIVERS/RECEIVERS AND l\1ULTIPLEXER 

Interfaced with the INFIBUS data lines, the data bus drivers/receivers transmit 

and receive I/O data bi-directionally. Data received for output is applied 

directly to the output data register. Data for input is selectable by the data bus 

multiplexer for transmission on the INFIBUS data lines. One of four informa

tion types can be selected for input: read data from the device, control register 

contents, device and controller status, and controller address (same as device 

number). 

INPUT AND OUTPUT DATA REGISTERS 

Two data registers are contained in the controller: one for input, the other for 

output. Each register temporarily holds eight I/O data bits for transmission 

between the INFIBUS and the I/O device. Both registers are addressed inden

tically; therefore, the input data register cannot be written by a master module, 

and the output data register cannot be read. 

CONTROL REGISTER 

The control register can hold up to six control bits loaded from the six least

significant bits of the data bus. Three control bits are decoded and used to acti

vate r'ead/write/interrupt control functions. The control register contents can 

be input through the data bus multiplexer by a Read Control Register operation. 

READ/WRITE CONTROL AND STATUS 

The read/write control logic sends I/O commands to the device, receives 

device responses, and handles read or write control functions in the controller. 

One status bit is used for Read timing error or no ata read after 300 milli

seconds. One device-not-ready status bit is used for each paper tape read or 

write device. Device-not-ready status bits are not stored in the controller but 

are d-c signals that indicate operational condition. All status is available for 

input by a Read Status Register operation. 
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INFIBUS ACCESS DRIVERS/RECEIVERS AND CONTROL 

The INFIBUS access drivers/receivers transmit and receive the INFIBUS 

control signals commonly used in the SUE system to control system module 

communication. Controller bus access logic, the type implemented in most 

SUE modules, initiates interrupt service requests when a service need is 

indicated, and communicates with the bus controller during selection for bus 

access. 

ADDRESS RECEIVERS AND RECOGNITION 

The address receivers and recognition logic are implemented to receive and 

recognize the controller register addresses from the INFIBUS address lines. 

Recognizing one of the controller register addresses initiates either a read or 

write operation according to the logic state of the RITE line at the time of 

recognition. Part of the recognition logic is used to encode the controller 

address that is placed on the data bus during a bus service cycle. The address 

placed on the data bus is used to identify the controller during the subsequent 

system interrupt. 

READ/WRITE ENABLE AND DONE 

Read/write enable logic activates either the read or write mode according to the 

logic state of the INFIBUS RITE line. A delay line associated with this logic 

ensures that data is transferred after the data lines have settled. The delay 

line terminates in the Done logic to signal the end of a read or write operation. 

INSTALLATION CONSIDERATIONS 

SUE 4601 Paper Tape Controller can be installed from the insertion side of the 

chassis in any slot to the left of the bus controller, considering priority for 

bus access. Module priority relative to bus access is described in General 

System Bulletin G4. 
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To use a SUE 4690 Block Transfer Adapter with a SC E parallel controller, the 

BTA must be located in the adjacent slot immeidately to the right of the parallel 

controller that it modifies. 

SUE 4601 CONFIGURATION 

SUE 4601 is configured to operate with a paper tape reaqer or punch by factory 

installed jumpers at pre-designated terminal points on the printed circuit card, 

Two jumper classes ·are used: program and function jumpers. Program 

jumpers define the module address, interrupt request/select lines, and opera

ting mode. Function jumpers effect the logical interface between the controller 

and the specific device. All jumpers are wrapped on o. 025-inch wire-wrap 

posts using number 30 AWG wire. Wire-wrap posts are pre-installed in 

jumper connection pads. A maximum of two wires can be wrapped on a wire

wrap post. 

PROGRAM JUMPERS. - Logic diagram sheet 1 contains a list of the SUE 4601 

program jumpers. J3 is used to encode the module address; J4, the interrupt 

request/select lines; and J5 the Program Data Transfer (PDT) or Direct Data 

Transfer (DDT) mode. 

Program jumpers are identified by an alphanumeric designation such as J3-1A 

where J3 defines the functional group (i.e. addressing) and - lA defines the 

connection location. The same designation type is used to identify I/O connectors 

Jl and J2 and their pin locations. 

Address Encoding (J3) 

Each address bit, A04 through All, is encoded by connecting a jumper as 

indicated in the Program Plug Data for J3 op LD sheet 1. J3 is represented 

schematically on LD sheet 10. Each of the eight bits must be connected to 

either a binary 1 terminal or a binary 0 terminal to encode the address. 

Dec 72 
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Interrupt Line Connections (J4) 

The interrupt request/ select line jumper terminals are represented schematically 

on LD s hC'el :1. Only· one pair of the four SH L(:..:.:)/SE L(x) terminal points should 

be connected. In LEC SrE standard practice, line 2 is assigned to most periph

eral controllers. Where system requirements demand another pair of lines 

because of priorit.\· or design, any one of the four pairs can be connected. 

Interrupt line priorities and operation are described in General System Bulletin G4. 

Mode Selection (J5) 

Program plug J5 contains terminals for one jumper and is shown schematically 

on LD sheet :3. To operate the controller without a SCE 4590 Block Transfer 

Adapter (PDT mode), this jumper must be connected so that bus access can be 

initiated for a program data transfer. To operate with a S'CE 4G9n Block Trans

fer Adapter (BTA mode), this jumper must be disconnected. 

FUNCTION JFMPERS. - Function jumper pads are identified ;Jy an alpha

numeric designation such as El, E2, E3 etc., where E is a fixed prefix and the 

number set is sequential beginning with 1. SUE 4601 contains 79 terminal points 

for function jumpers, but only 27 are used to configure the controller to operate 

paper tape devices. All function jumper terminals are listed in table l; those 

used to configure a 4601 are listed at the beginning of table 1~ Each program 

and function jumper terminal-1.dentification is etched on the controller circuit 

card. The terminal points can be located physically by referring to the circuit 

card assembly drawing facing the first logic diagram. 
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Table 1. SUE 4601 Function Jumper Terminals and Configurations 

Jumper Logic Diagram 
Terminal Location Function 

El 7D2 Jl-A 1 
Jumper Configuration 

SUE 4601 

E2 flC2 J 1-A 13 E!:2!!! ~ 
E9 E50 

E3 HC2 Jl-A14 Ell E30 
Ell E28 

E4 GC2 J 1-A 15 E13 E49 
E21 E22 

E5 6C2 Jl-AlG 
E22 E23 
E23 E24 
E24 E25 

EG HC2 Jl-A 17 E25 E26 
E26 E27 

E7 6C2 Jl-A 18 E27 E28 
E30 E31 

E8 6C2 Jl-Al9 E31 E32 
E32 E33 

E9 6C2 Jl-A20 
E35 E36 
E47 E52 
E48 E53 

ElO 9A3 SIST-P E55 E60 
E58 E59 

Ell 9A3 ov E65 E66 

E12 9A3 lK Pull-up to +5. Ov 

E13 6B2 J2-A 18 

E14 6B2 J2-Al9 

E15 6B2 J2-A20 

El6 6B2 J2-A21 

E17 GB2 J2-A22 

E18 6B2 J2-A23 

E19 6B2 J2-A24 

E20 6B2 J2-A25 

E21 fiD2 J D08-P lnput Data 

E22 6D2 ID09-P Input Data 

E23 8D4 IDlO-P Input Data 

E24 8D4 IDl 1-P Input Data 

E25 8D4 ID12-P Input Data 

£2() 8D3 ID13-P Input Data 
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Table 1. SUE 4601 Function Jumper Terminals and Configuration (Continued) 
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Table 1. SUE 4601 Function Jumper Terminals and Configuration (Continued) 

Jumper Logic Diagram 
Terminal J,ocation Function 

E53 7D4 0 v 

E54 7D2 0 v 

E:>5 7C2 0 v 

E5<i 9B4 CMD2-N Auxiliary Command to Device 

E57 9B4 CMDl-N Write Command to Device 

E5H ()1)4 .JIA 2 Input Data Strobe 

E5!) (iD4 SOS-P Strobe One-Shot Input · 

EGO <>D4 SOS-N Strobe One-Shot Input 

E<il 7A4 .J2A7 WDC;A-i'\ Write De\'ice Hun 

£(i2 7Dl 
I 

Auxiliar_\' l/O Control Driver Input 

E<i!3 7Dl Auxiliar~· 1/0 Control I>river Input 

E<l4 7A4 EDST-P External DcYice Strobe 

EG5 (iD4 RDS-P Read Data Strobe Input 

EG<i GD4 SOS-N' Strobe C >ne-Shot Output 

E67 GD4 SOS-P Strobe One-Shot Output 

E68 9B4 J 2A5 C:MD2-?\ 

EG9 9B4 J2A<i CMDl-.L\ 

E70 - Not Used 

E71 - Not Used 

E72 5A3 CROl-i'\ Write Start 

E73 5B~3 CH5S-P Control Register Bit;, 
I 

E74 5A3 CH05-i\ Control Hegister Bit:> Inverted 

E75 5A4 GRSA-.L\ Reset or Write Status Hegister 

E7<> 5A4 CHSC-P General Reset f n\'erted • 
E77 5A3 CHOS-~~ Control Hegister Bit :l ltl\'erted 

E78 5A2 CH04-;\ Control Hegister Hit 4 lnvertPd 

E79 5B3 CH4S-J> Control negister nit ·l 
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.CONTROLLER-DEVICE INTERFACE 

Two connectors, Jl and J2, interface the input and output cables to the device. 

Jl interfaces input dc\·iccs; J2 interfaces output devices. Both connectors are 

edge-mounted on the controller module as shown on the circuit card assembly 

drawing. Part numbers of the I/O connectors and mating plugs follow: 

I/O 
Connector 

,JI 

J2 

I/O Connector 
Part Number 

:~1\1 Company (40-Pin) 
:14:12-1002 

:n\I Compan.\· (;">O-Pin) 
:~4:~:1-1002 

l\I ating· Plug· 

Part Number 

ITT Cannon (20/ 40 Position) 
12 1 - 7:; (i i) - () 0 0 

ITT Cannon (23/>0 Position) 
121 -7:1 (i:)-()02 

Input and output connector pin functions arc listed in tables 2 and 3, respectively. 

Pin assignments are shown in table 4. 

LOGIC DESCRIPTION 

Figure 2 is a detailed block diagram of SUE 4601 that corresponds directly with 

the logic diagrams. The number in the upper left-hand corner of each block 

refers to .the logic diagram sheet number where the corresponding logic is 

locat.ed. Logic descriptions and key source logic definitions are contained on 

the sheet preceding each logic diagram. 

ASSEMBLY, LOGIC, AND PARTS 

The SUE 4601 assembly drawing, logic diagrams, and parts list contained on the 

pages following, are listed below: 

SL"E 4601 Paper Tape Controller Circuit Card Assembly (PPB) 
2001002137, Revision D (Sheet 1) 

SUE 4601 Paper Tape Controller (PPB) LD2001002137-10 
Revision B (Sheets 1 through 10) 

Parts List, Assembly Model 4601 PL2001002137-1, Revision D 
(Sheets 1 and 2 of 2) 

.A description of the reference designators, signal locations, and procedures 

for using these items is contained in the SL'E DOCCMENT INDEX, General 

System Bulletin Gl. 
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Table 2. SUE 4601/6714/6715 and /6719 High Speed 
Paper Tape Readers Interconnections 

Logic 
Device Cable 

Controller Diagram Function SUE 6714/15 
I:.ocation Pl POl 

Jl-Al 7D2 Reader Not Ready Status Pl-Al 13 

Jl-A2 604 (E58) Input Data Strobe (Sprocket) Pl-A2 12 

Jl-A3 7A3 RDRC-N Drive Right Pl-A3 

Jl-A4 7A3 RDRH-P Read Command Pl-A4 8 

Jl-A5 6D3 IDOO-P Input Data Channel 1 Pl-A5 1 

Jl-A6 6D3 IDOl-P Input Data Channel 2 Pl-A6 2 

Jl-A7 6D3 ID02-P Input Data Channel 3 Pl-A7 6 

Jl-A8 6D3 ID03-P Input Data Channel 4 Pl-AS 10 

Jl-A9 6D3 ID04-P Input Data Channel 5 Pl-A9 4 

Jl-AlO 6D3 ID05-P Input Data Channel 6 Pl-A10 9 

Jl-All 6D2 ID06-P Input Data Channel 7 Pl-All 3 

Jl-A12 6D2 ID07-P Input Data Channel 8 Pl-A12 7 

Jl-A13 6D2 Reader Not Ready Status Return Pl-A13 17 

Jl-A14 6D2 Not used 

Jl-Al5 6D2 Not used 

Jl-~16 6D2 Not used 

Jl-A17 6D2 Not used 

Jl-A18 6D2 Not used 

Jl-Al9 6D2 Not used 

Jl-A20 6D2 SUE 6714/15 XOR GRD (E50) ®1>1-A20 

Notes: 

1. Signal returns to ground on Jl are on corresponding B pins. 

2. All wires in device cable are twisted pairs except the jl: '1.pers. 

3. Pins 5, 11, 14, 15, 16, 17 are jumpered to signal groun . in POl. 

SUE 6719 
P03 

13 

9 

12 

1 

2 

3 

4 

5 

6 

7 

8 

10 

4. Device cable signals Pl-Al and Pl-A13 are twisted pair with Pl-Al3 as return to reader 
ground. 

@ SUE 6714/15 cable only, jumper to GRD, Pl-B20. 

6. All signal returns are connected to ground at P03 pin 10 for SUE 6719. 
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Table 3. SUE 4601/6716 and/6719 High Speed 
Paper Tape Punch Interconnections 

Logic 
Device Cable 

Controller Diagram Function SUE 6716 
LocJLtion P2 POl 

J2-A1 9D4 STSl-N AuxUlary Device Status Not used 

J2-A2 9D4 Aµ~lliary :Qevice Control Input Not used 

J2-A3 704 WPDC Pwich Data Call P2-A3 12 

J2-A4 702 Punch Not Ready Status P2-A4 20 

J2-A5 9A4 CMD2.-N Au,ciliary Command to Device Not used 

J2-A6 9A4 CMOl-N Write Command to Device Not used 

J2-..A7 7A4 WDGA-N Start Punch Cycle P2-A7 11 

J2-A8 7Al J\uxiliary I/O Control Drl ver 2 Not used 

J2-A9 7Al Auxiliary I/O Control Driver 1 Not used 

J2-A10 5A2 OD07-P Output Data Channel 8 P2-A10 8 

J2.-All 5A2 OD06-P Output Data Channel 7 P2 ... All 7 

J2-A12 5A2 OD05-P Output Data Channel 6 P2-A12 6 

J2-AP 5A2 OD04-P Output Data ChanneJ 5 P2-A13 5 

J2-A14 5A2 OD03-P Output Data Channel 4 P2-A14 4 

J2-A15 5A2 OD02-P Output Data Channel 3 P2-A15 3 

J2-A.16 5A2 ODOl~P Output Data Channel 2 P2-Al6 ~ 

J2-A17 5A2 ODOO-P Output Data Channel 1 P2-A17 1 

J2-A18 6A2 E13 Function Jumper (Status Polarity) P2-Ai8 

J2-A19 6A2 E14 Function Jumper Not used 

J2-A20 6A2 E15 Function Jumper Not used 

J2-A21 6A2 El6 Function Jumper Not used 

J2-A22 6A2 E17 Function Jumper Not used 

J2-A23 6A2 E 18 Function Jl.Ullper Not used 

J2-A24 6A2 E19 Fw\ctton Jumper Not used 

J2-A25 6A2 E20 Function Jumper Not used 

Notes: 

1. Signal returns to ground on J2 are on corresponding B pins. 

2. All wires in device cable are twisted pairs except the jumpers. 

3. POl-9 and POl-24 jumperect for +6 v Bias to Feed Hole for SUE 6716 only. 

4. P2-Al8 jumpered to P2-B18. 

12 

SCE 4H01 

SUE 6719 
POl 

12 

20 

11 

8 

7 

6 

5 

4 

3 

2 

1 
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MB2002001242-l SCE 4601 

DEVICE ADDRESS RECOGNITION (LD Sheet 2) 

Address Comparators U19, U28, and U39 are four-bit quad exclusive NOR gates that compare the incoming 

address with the jumper-enccxled device address. The strobe received from the INFIBUS triggers flip-fl.op AMA 

when the two addresses match. During output operations, AMA cannot set if the output device is not ready to 

accept new data. 

Decodes of bits AOlA-P, A02A-P, and A03A-P, address the control, status, and data registers~ and specifv 

through AABL-P that the present register address is valid. 

AABL-P 

ACNT-N 

ADAT-P 

AMAS-P 

AWST-N 

MPXA-P, MPXB-P 

KEY SOURCE LOGIC DEFINITIONS 

Address valid, asserted only for register addresses O, l~ 6, 7~ 8, 
and 9. 

Address control, enables accessing the controi register wi.th a read or 
write command. 

Address data, enables loading the output data register or 
reading the input data register, and conditions data bus driver 
enabling signals DBRB-P and DBRC-P. 

Address recognized, asserted when address bits A04A-P through 
AllA-P match the device number encoded in DA04-P through DAll-P. 
Inhibited during output operations if device cannot accept new data. 

Address status, clears the controller when the status regi ~ter is 
addressed (FWZO) concurrent with a write command. Input and output 
data registers are not cleared. Enables reading the status register 
with a read command. 

A deccxle of these signals allows the multiplexer to select one of four 
sets of information for input. See the table at bottom of LD sheet 2. 
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1\1B2002001242-1 SUE 4601 

INFIBl'S ACCESS DRIVERS/RECEIVERS AND CONTROL (LD Sheet 3) 

Bus access drivers/receivers and initiating logic is shown above the dashed line on LD sheet 3. 

Bus access control logic, represented below the dashed line, is equivalent to one-half of a Dual Bus Access 

Logic (DBAL) chip described in General System Bulletin G4 under SPECIAL COMPONENTS. 

Operating in the PDT mode, connection J5-2 is jumpered to J5-l; in the BTA mode this jumper is absent. 

Jumper connections on J4 connect one of four interrupt request/select lines. In most SUE systems, SRL2-N 

and SEL2-N are used for peripheral device ~con~rollers. 

If interrupts are allowed (CR2S-P), Bus Service Need flip-flop (BSN) initiates the access control logic for any 

one of three conditions: 

a. a BTA illterrupt (CATS-P) 

b. an error (EROR-N) 

c. a PDT status (PDSA-N). 

Reset clears BSN unconditionally. An abort or done condition clears BSN if the on-line latch is set. 

BOLA-P, BONE-N 

DONE-N, PCDA-P, 
PCDB-P, QUIT-N, 
SACK-N, SEL(x)-N, 
SRL(x)-N, STRB-N 

RITE-N, RITA-I-· 

KEY SOURCE LOGIC DEFINITIONS 

Bus On-Line signals generated when the controller has obtained bus 
access. These signals are used to enable the data bus multiplexer and 
drivers to transmit the device number on the data bus. 

INFIBUS control signals commonly used in SUE systemi; to control 
system module communication. See INFIBUS interface, General 
System Bulletin G4, for signal function descriptions. 

RITE-N is the INFIBUS write command. RITA-P in the eontroller is 
the output of the RITE receiver. Asserted, RITA-P conditions the 
write mode; negated, conditions the read mode. 
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M B2002001242-1 SUE 4601 

DATA BUS DRIVERS/RECEIVERS AND MULTIPLEXER (LD Sheet 4) 

In the data bus drivers/receivers (U69, U70, U79 and USO) the receivers are always enabled; the drivers are 

multiplexer outputs are transmitted on the data bus. 

Multiplexer components U48, U49, U58, and U59 are four-line to one-line selectors activated by a decode of 

MPXA-P and. MPXB-P. Components U68 and U78 are two-line to one-line selectors activated by the logic state 

at the select (S) and enable (E) inputs. S asserted selects B inputs; S negated, A inputs. U78 performs an 

additional function. E asserted forces outputs Yl, Y2, Y3, and Y4 low. Therefore, device number bits DN12-N 

through D:N15-N are always transmitted as binary ONEs (hexadecimal F) to be consistent with LEC St;E standard 

practice for controller addresses. 

To minimize propagation delay for device inputs, RROO-N through RR15-N are always selected (1\TPXA-P, 

MPXB-P both ZERO) when no other selection is active. 

DBOO-N thru DB15-N 

DOOA-P thru Dl5A-P 

KEY SOURCE LOGIC DEFINITIONS 

Data bus interfaced to the data bus drivers/receivers. 

Data bits received from the data bus and applied to the output data register. 
Bits DOOA-P thru D05A-P also are used to load the control register durir.g 
Write Control Register operations. 
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1\1B2002001242-1 SUE 4601 

CONTROL REGISTER CROO-N THROUGH CR05-N (LD Sheet 5) 

Control register U66 is loaded from data receivers DOOA-P through D05A-P, by a positive-going transition of 

the clock input, Either a Write Status or a system reset clears the control register. 

OUTPUT DATA REGISTER WROO-P THROUGH WR09-P (LD Sheet 5) 

Output data register U57 is clocked by a negative-going transition at the clock input. Neither a Write Status nor 

a system reset clears U57; data is retained as entered by the last clock pulse. The output data register is con

tinued on LD sheet 8, 

CROO-N thru CR05-N 

CROS-P 

CRlS-P 

CltOA-P 

CR2S-P 

CR3S-P 

DOOA-P thru D09A-P 

GRSA-N, · GRSC-P 

ODOO-P thru OD09-P 

WCRO-P 

WDRB-N 

KEY SOURCE LOGIC DEFINITIONS 

Inverted outputs of the control register selectable for input by the data 
bus multiplexer. 

Control bit O, asserted, enables the input mode. 

Control bit 1, asserted, enables the output mode. 

Read command input to control register bit O, used to direct-set the 
read-device-run flip-flop. 

Control bit 2, asserted, indicates that interrupts are allowed. Enables 
the INFIBUS access logic. 

Control bit 3 used to enable an auxiliary write command, 

Part of data -received from the data bus and sent to the output data 
register. DOOA-P through D05A-P also set control bits CROO through 
CR05 when the control register is addressed. 

ResPts the controller as a result of a system reset or a Write Status 
operation. 

Part of output data from the output data drivers to the write device. 

Clocks a read or write command into the control register and used to 
direct-set read-device-run flip-flop. 

Clocks data into the output data register and resets the WBA flip-flop. 
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MB2002001242-1 SUE 4601 

INPUT DATA REGISTER, RROO-N THROUGH RR09-N (LD Sheet 6) 

A positlye-going transition of the read data strobe (sprocket signal) sent by the reader triggers one-shot SOS. 

SOS times out in 2. 8 microseconds, triggering one-shot RDS whose negative-going transition clocks input data 

register U67, loading reader data into the register. RDST-N and complement P.DSP-P 3isn control timing ir. th1 

read control logic. 

Neither a Write Status nor a system reset clears the input data register. Data is retained as entered by the last 

clock pulse. The input data register is continued on LD sheet 8. 

IDOO-P thru ID09-P 

RDSP-P 

RDST-N 

RROO-N thru RR09-N 

KFY SOUHCE I.OGIC "CEFINITIONS 

Input data bits applied to the input data register from the read device. 

Positive read device strobe that terminates the read start pulse and 
triggers flip-flop RTE. 

Negative rPad device strobe that clocks data into thP input data regis
ter, and triggers the read-buffer-available flip-flop. 

Data from the input data register selectable at the data bus multiplexer 
for transmission on the INFIBUS. 
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MB2002001242-1 SUE 4601 

WRITE CONTROL (LD Sheet 7) 

Punch start pulse WDGA-N ls Issued when the output datil register has been loaded (WBAR-N ls ·hlgh) and a data 

·request (WDDC) satisfies gate WDGC. Dropping the data request terminates the start pulse and trlgge~s WBAT 

which direct-sets WBA. As a result, WBAS'."'P: 

a. sets PDT status bit PDSA-N 

b. primes gate WDRB to clock new data into the output data register. 

READ CONTROL (LD Sheet 7) 

Flip-flop RDR issues a start pulse to the reader whenev~r a read command is clocked into the control· 

register (WCRO-P, CROA-P). For character read devices, where E35 is connected to E36 (LD sheet 5), 

another run pulse is issued after each input data transfer (DRBB-N or gate RDRA-N). A strobe (RDST-N and 

RDSP-P) from the read device: 

a. clocks the input data register 

b. terminates the start pulse by resetting RDR 

c. triggers flip-flop RBA (which sets PDT status, PDSA) 

d. triggers flip-flop RTE. 

READ TIM ING ERROR 

Either an overrun or a 300-millisecond time-out sets flip-flop RTE. An overrun occurs if flip-flop RBA is not 

cleared by a data transfer (gate RBAZ-N) before the next read device strobe is received. A time-out occurs if 

the read device does not respond to the run pulse within 300 milliseconds, nominal. Time-out ls a function of 

one-shot RNDT which ls retriggered with every run pulse. 

BTlA-N 

BT3A-N 

PDSA-N 

RDNA-N 

RDRC-N, RDRH-P 

RTER-N 

WBAR-N, WBAS-P 

WDDC-N 

WDGA-N 

WDNB-N 

KEY SOURCE LOGIC DEFINITIONS 

Request bit asserted by the same conditions that activate PDSA-N, 
notifies the BTA that a data transfer ls required. 

Error signal EROR-N to the BTA that specifies either a read timing 
error has occurred or the 1/0 device is not ready. 

Program data transfer status - asserted during input when read data 
is strobed into the input data register; asserted during output when 
the output data register ls ready to be loaded with the next write data. 

Read-device-not-ready status. 

Read-device-run signals to start the input ~evice. 

Read timing error status generated if an overrun condition occurs or 
the read device does not respond within a time limit. 

Write-Buffer-Available flip-flop set, indicates output data register is 
available to receive output data. 

Write device data call received from the output device when ready to 
receive another data output. 

Write-device-run signal to start the output device. 

Write-device-not-ready status. 
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MB2002001242-1 SUE 4601 

INPUT DATA REGISTER, RRlO-N THROUGH RR15-N (LD Sheet 8) 

Input data register, U77, ls a cont\nuatlon of U67 shown on LD sheet 6, but not used actively ln the 4601 

conflgura ti un, 

OUTPUT DATA REGISTER, WRlO-P THROUGH WR15-P 

Output data register U76 is a continuation of U57 shown on LD sheet 5, but not used actively in the 4601 

configuration. 

*DlOA-P thru D15A-P 

*IDlO-P thru ID15-P 

*ODlO-P thru OD15-P 

*RRlO-N thru RR15-N 

*STS5-N thru STS8-N 

KEY SOURCE LOGIC DEFINITIONS 

*Not used for paper tape devices. 
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MB2002001242-1 SCE 4601 

AUXILIARY WRITE CONTROL (LD Sheet 9) 

Write command lines CMDl-N, CMD2-N, and the associated logic components allow the controller to communi

cate with dc\'ices that multiplex both data and control information on the output data lines. CMDl-N indicates 

data; CMD2-N control. Either one or the other command line is activated according to the logic state of control 

bit CR03. 

One-shots SRT and SIS allow the controller to operate with output devices that do not send a data call. For such 

devices, pseudo command SIST-P (or SISP-N) is applied to E48 (LD sheet 7) to initiate the write control logic. 

One-shot SRT is triggered when the output device can accept another output as indicated by auxiliary device status 

at J2-Al and J2-A2. 

DATA BUS DRIVER ENABLE . 

Conditioning logic to assert the data bus driver enabling signals is shown in the lower portion of LD sheet 9. 

BT2A-N, BONA-P 

BT4A-N 

CATS-P 

CMDl-N 

CMD2-N 

DBRA-P, DBRB-P, 
DBRC-P 

SISP-N, SIST-P 

STSl-N 

KEY SOURCE LOGIC DEFINITIONS 

Response from the BTA used by the controller during a block transfer 
to enable loading the output data register during output; trigger the 
read-device-run flip-flop and issue data bus driver enabling signals 
to place read data on the data bus during input. 

The interrupt initiate signal from the BTA becomes CATS-P initiates 
the controller bus access control logic, and enables auxiliary write 
command lines CMDl-N and CMD2-N. 

Inverted signal BT4A-N. 

Auxiliary write command to device indicating output data lines contain 
data. 

Auxiliary write command to device indicating output data lines contain 
control lnf ormation. 

Data bus driver enabling signals, asserted during input mode to trans
mit information on the data bus. 

Pseudo data call to initiate write control logic for devices that do not 
send a data call. 

Auxiliary status from write device indicates device is ready to accept 
another output. 
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1\1 B2002001 V9--1 SUE 4601 

HEAD/WRITE ENABLE AND DONE (LD Sheet 10) 

The three 50-nanosecond delay lines in series with five inverters provide a total delay of less than 200 nanoseconds 

after addn ~, .• ; rc<·ognit1on. · .. ,, .ici.:1'i ·11--:·" · '-: :~"'c fo-:· Hw .-J ,1 :· ~ ip."'c ,o settle (deskew) before data is strobed int.o 

the receiving elements. The delay line terminates in the Done logic. Flip-flop ADN prevents a false DONE signal 

if the address is not valid (AABL-P). 

ADDRESS BUS DRIVER/RECEIVERS AND RECOGNITION (LD Sheet 10) 

In the address bus drivers/receivers (UlO, U20, U29, and U40) only the receivers are used; the drivers are 

inhibited because the controller never asserts its address on the address bus. The receiver normally assigned 

to address bit ABOO-N, receives master reset pulse MRES-N. ABOO-N is not decoded in the controller. 

Program plug J3 is used to encode the controller device number for address recognition. 

AOlA-P thru A15A-P 

ABOl-N thru AB15-N 

ADUN-N 

ARED-P 

ARES-P 

AWRT-P 

DA04-P thru DA 11-P 

DN04-N thru DNll-N 

DRBB-N 

MRES-N 

KEY SOURCE LOGIC DEFINITIONS 

Bits from the address receivers used for controller address recognition 
logic .. 

Address bus interfaced to the controller address receivers. 

Address done, generated by the controller at the end of each operation. 
For a device-write operation ADUN-N indicates that data has been 
taken from the lines and that lines can be released by the master 
module. For a read operation ADUN-N indicates that input data on 
the data lines is valid. 

Inverse of the RITE-N signal, ARED-P initiates data bus driver 
enabling signals during an input operation. 

Clears the controller when system reset pulse MRES-N is asserted. 

Derived from RITE-N, the bus write command, AWRT-P enables the 
output data register during a device output operation. 

Inverse of device number encoded in the controller by jumpers and 
compared with bits A04A-P through A11A-P9 respectively, to. accom
plish address recognition. 

Device number bits encoded with the controller address and placed on 
the data bus when the controller goes on line. 

Triggers the read-device-run flip-flop to send run pulse to the read 
device during PDT mode. 

Master reset pulse from the INFU, JS that initiates reset logic in the 
controller. 
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MB 2002001242-1 SUE 4601 

QlY SERIAL NO. 

REQD START ENO 

non mmi 
001 ()(1(11 

non 
0113 ()()()1 

ons 0001 

noi oooi 
001 ()()01 

003 ()()01 

'J01 C~flC1 

003 ()()01 

rm6 noo1 

I '' J J "'"" 

· 004 """ , I 
004 (1()()1 

()()(] 

000 

O~)() 

ono 

mm 
()()() 

()(JO 

001 ()()(11 

005 0001 

003 ()()()1 

[)()1 (1()()1 

004 ()()()1 

ODO 

006 [)['['1 

rm3 nric1 

002 0001 

(Jrl1 f](]()1 

Parts List, Assembly Model 4601 
PL2001002137-l, Revision D (Sheet 1 of 2) 

PART NUMBER 

2001002137-, 

1 001004751 - 1 

RL07S102G 

RL07S680G 

RUJ7S361G 

RUJ7S301G 

RUJ7SHJ3G 

RL07S152G 

RU17S303G 

RL07S472G 

8()(113001()1 

M39003 /01·2018 

C~l5DD221 J(J3 

80011()(i001 :. 

80018()('J042 

8001800046 

8001800047 

80()18()()()48 

80() 1 8(J(J(J44 

SN74H74N 

SN74S11N 

N82C3N 

SN7486N 

CODE 
IDENT DESCRIPTION 

A SST, MODEL 4501 

PR!NTED WRG BO, PPP 

~ESI STOR 

!RESISTOR 

jRESISTOR 

~ESI STOR 

~ESISTOR 

~ESISTOR 

~ESISTOR 

~ESI STOR 

CAPACITOR 

CAPACITOR 

DIODE 

I CP 

I CP 

I CP 

I CP 

I CP 

CJ1295 ICP 

rJl295 I CP 

18324 II CP 

"1295 I er 

l SPECIFICATION / 
VENDOR 

MIL·R-22684/1 

MIL-R-22684/1 

MIL-R-22684/1 

MIL-R-22684/1 

Mll-R-22684/1 

MIL-R-22684/1 

MI L-R-22684/1 

MI L-R-22684/1 

MIL·C-39003/1 

MIL-C-5/18A 

1 MATL/NOTE(S) 
REF DESIGNATION(Sl 

R1,4,12, 13, 19, 
23,24~R27 THRU 
R30, R33 THRU R64 
.5 IS 

R14,16,17,18,22 
.5 IS 

R6 .5- IS 

R20 • 5 IS 

R3,10,32 .5 IS 

R21 • 5 IS 

R2, 7,31 .5 IS 

RS,8,9,15,25,26 
.5 IS 
C4, 5, 6, CB THRU 
~16,C18,C21 THRU 
C2 3 , C2 5 THR U 
C'39, C41,42 .25IS 

C1, 7,4Cl,43 
.8 IS 

C2, 3, 1 9, 20 
.25 IS 

CR 1 , 5 I~ 

U17,22.~33,36,46 
( 74H()C I 

U6,21.47 (74H1'.;) I 
U4 ( 74H~ 1) I 
us, 7' 3~. 3 7 
( 741-12::) 

Ln.1r 27,32,65, 
73 (74µq4'; 

TEX A S I NS T >< I NC U 1 3 . 1 5 , 44 

TEXAS INSTR INC IJ3li. 75 

..__~_...___..._ ____ _._ _ ___..l ________ . ___ , _____ ,_., ____ ., ______ _J 

, .. , 
i L,. 



SCE 4()01 

QTY SERIAL NO. 
REQD tsrARnNo 
001 lrmo1 

mm 
()().3 ~)()()1 

(J(J2 1m101 

()()4 0001 

()()() 

001 0001 

010 0001 

nos 0001 

003 0001 

001 ()()()1 

001 0001 

()()1 0001 

001 0001 

()()() 

002 0001 

000 

002 0001 

00.3 0001 

001 0001 

001 0001 

()().3 0001 

001 0001 

001 0001 

001 0001 

119 0001 

REF 0001 
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Parts List, Assembl:v Model 4G01 
PL2001002137-l, Revision D (Sheet 2 of 2) 

CODE I SPECIFICATION I J MATL/NOTE(S) PART NUMBER 
IDENT 

DESCRIPTION VENDOR REF DESIGNATION(S) 

SN7416N 0129S I CP TEXAS INSTR INC US2 

SN7412.3N 0129S I CP TEXAS INSTR INC U2,12,42 

SN741S7N 0129S I CP TEXAS INSTR INC U68, 78 

SN741 S.3N 0129S I CP TEXAS INSTR INC l.Jlt8,49, S8, S9 

8001800049 I CP U.3 ( 74H21) 

80018()(1120 I CP, DR i VFR /RE CE I VER urn, 20, 29,40, so, 
60' 69' 70 ' 79' 80 

8001600008 DELAY LINE, f"IXED DL 1 , 2 , 3, 4, S 

SN741 7N 01295 J CP TEXAS INSTR INC l.162,63,72 

80CJ1800054 I CP l.Jlt5 (74H51) 

80Cl1BOOOS7 I CP US ( 74H54) 

80018000S8 I CP U64 ( 74H5S) 

ecm1 eoon92 I CP U31 ( 74S1) 

SN74174N 0129S I CP TEXAS INSTR INC U66, 76 

MC3D02P 04713 I CP MOTOROLA U14, 74 

SN74HS2N 0129S I CP TEXAS INSTR INC U43,S3,54 

SN74S1 SN 01295 I CP TEXAS INSTR INC U.38 

SN74S112N 0129S I CP TEXAS INSTR INC U18 

N8242A 18324 I CP SIGNE TI CS U19, 28, .39 

N8202N 18.324 I CP SIGNET! CS U57 

3'432- HJ02 26066 CONNECTOR, 40 PIN .3M COMPANY J1 

34.3.3-1002 26066 CONNECTOR, SO PIN .3M COMPANY J2 

1005000 764-, PIN, TERMINAL NOTE 210 

LD20010021.37·1 LOGIC DIAGRAM, PPB 
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PPB 

Status 

Control 

w 

p R 
U E 

R N A 
C D 
H y 

3 

Switches 

Jum2ers 

Al2 MODIFICATION 
;ALLED" (See PSB-.05) 

PERIPHERAL PARALLEL BUFFER Lockheed 

Paper Tape Reader Interface 

address FXXO 

address FXX6 

u u D A 0 s 
N N E L u T 

w u u v L T A 
RESET s s I 0 p R 

E E c w u T 
D D E T 

R 0 R R p I A c N = E V E E D 0 T c 
A E A A T R M E 1 T 
D R D D M R I 
E R E y A R v 
R U R N u E 

N ·D p 
T 

2 1 0 5 4 3 2 1 0 

STATUS CONTROL 

Device Command inhibits 
Write Command 

none 

Address Selection 

ADDRESS FROM CONNECT TO 
BIT 0 1 

4 J3-2H J3-1H J3-3H 

5 J3-2G J3-1G J3-3G 
6 J3-2F J3-1F J3-3F 

7 J3-2E J3-1E J3-3E -8 J3-2D J3-1D J3-3D .. 
9 J3-2C J3-·1C J3-3C -10 J3-2B J3-1B J3-3B 

11 J3-2A J3-1A J3-3A 

12 U39-05 J3-3A J3-1A 
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PPB 

Socket 

Level 

1 

2 

3 

4 

Bus Service Level 

Connect J4 
From To 

lA 2A 

lE 2E 

lB 2B 

lF 2F 

lC 2C 

lG 2G 

lD 2D 

lH 2H 

BTA not used with PPB 

Connect J5-l to J5-2 

See PPB prints 

Paper Tape Reader -

For use with REMEX reader RR-105/305RA, 
jumper the bottom-most pair of pins 
(pins 1 and 2) of the Cannon connector 
(Connector A) on the IPTR cable. 
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Card Type PPB Modification Al2 

Card Function: 

parallel interface 

Modification Description: 

allow choice of sense of address bit 12 recognized 
either NO, 0, or 1 must be chosen 
for Al2=NO do not modify card 
for Al2=0 or Al2=1 proceed as below 

Implementation: 

lift leg u39:05 - solder a wire to the leg and wire to pin 
in J3 row 3 for Al2=0 or a pin in J3 row 1 for Al2=1 

Sheet 2 of 4 
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Card Type PPB 

Card Function: 
parallel interface 

Modification Description: 

recognize 20 bit addresses 

either P or I must be chosen 
for BUS = P do not modify card 
for BUS = I proceed as below 

Implementation: 

1. Mount two IC sockets with attached legs (P/N 264 ) on pieces 
of foam tape immediately below U38 and u39. Call these 
locations U38A and U39B. 

2. Insert a BDR in U39A and a 74315 in U38A 

3. Drill a 1/16" hole thru the board 3/16" to the left of the 
left end of the finger at Pl:20. Check for shorts between 
+5 and ground. 

4. Wire as follows: 

P2: 20-U39A: 10 } p 2 : 09 _u
39

A:0
9 

route through hole drilled in step 3. 

Pl:20-U39A:05 
Pl:09-U39A:06 
U39A:07-U39A:08-U39A:l5-U39:07 
U39A:l2-U38A:Ol 
U39A:l4-U38A:02 
U39A:03-U38A:l3 
U39A:Ol-U38A:09-U38A:l0-U38A:ll 
U38A:08-U38A:l2-U39:11 
U39A:l6-U39:14 
U38A:l4-U38:14 
U38A:07-U38:07 
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Card Function: 

parallel interface 

Modification Description: 

set address recognition 

Implementation: 

jumper J3 according to * and -

* means jumper from row 2 to row 3 

- means jumper from row 2 to row 1 

Sheet 4 of 4 
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Card Type PPB Modification Standard 
~~~-~~~~~~~~~~ 

Card Function: Peripheral Parallel Interface 

Modification Description: 

Configure card to operate without BTA. 

Implementation: 

Jumper with wrapped 30 ga wire as follows: 

J5-l to J5-2 

• 
Sheet 2 of 3 
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