


































































































































































































The data word which was clocked into IBUF from memory 
is automatically transferred to the bottom cell of the Silo if 
this cell is empty. If the cell is full, the data word in IBUF 
remains in IBUF until the data word in the bottom cell of 
the Silo has propagated to the next cell. Once a word is 
input to the Silo, it "bubbles" through the Silo to the last 
empty cell. Once a data word appears at the last cell of the 
Silo, it is clocked into the OBUF register, provided OBUF is 
empty. If OBUF is not empty, the data word remains in the 
last cell. Successive data words stack up in the Silo in a first 
in/nrst out (FIFO) sequence. 

Each time a data word is input into IBUF, a start counter is 
incremented to determine how many words will be stacked 
in the Silo before the drive is signaled to begin the data 
transfer by the assertion of the RUN signal on the Massbus. 

NOTE 
There are four different Silo capacities which 
can be selected (Paragraph 6.19). 

When the write command code is decoded, the drive 
initiates tape motion. After RUN is asserted and the IRG 
has been found, the drive issues synchronous clock (SCLK) 
signals on the Massbus. TIle SCLK is received by the RHII 
and re-driven on to the Massbus as a write clock (WCLK) 
signal. The data word in OBUP is transferred to the drive 
on the leading edge of WCLK (leading edge of SCLK plus 
cable delay). The drive accepts the data word on the leading 
edge of WCLK. On the trailing edge of SCLK, the RHII 
writes over the previous data word in OBUF with the word 
in the �l�~�s�t� cell of the Silo. A drive word count register 
(DRWC), which was initially loaded with the same value 
contained in the WC register, is incremented by 1 toward 0 
for each word transferred. Successive words are transferred 
in this manner and when the required number of words are 
transferred. drive word count overflow occurs and the RUN 
line goes unasserted. The TM02 converts each data word 
into two or four frames (depending on mode) and transfers 
them to the TU16. 

TIle drive signals completion of the record with an EBL 
(End of Block) pulse. When the RUN signal is unasserted 
with the EBL pulse present, the data transfer is temlinated 
and the RHII transitions to the Ready state. If the run line 
remains asserted at the trailing edge of EBL, frame count 
error (FCE-bit 9 of MTER) is asserted. 
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5.3.2 Read Record Transfer 
Figure 5-6 is an interface diagram showing the action of the 
RHII during a read data transfer. Initially, the bus address, 
selected unit, and word count are specified by the program 
as in the write block transfer, however, the frame count 
need not be specified. TIle program then loads a read 
command code with the GO bit set (bits 5 through 0 of the 
CSI register). The RHll transfers the read command code 
and the GO bit to the selected drive and also �e�x�~�m�i�n�e�s� the 
command code to enable the appropriate logic (memory 
reference, Silo control, data path, and Massbus control). 
TIle read command and GO bit, which are sent to the drive, 
are stored in the drive's function register (bits 5 through 0 
of CS 1) and are decoded by the drive to determine the 
function to be performed. 

NOTE 
When a read command and the GO bit are 
loaded, the RHtt becomes busy and cannot 
accept another data transfer command and the 
TM02 causes the TUl6 to initiate tape motion. 

The RHII now asserts the RUN line on the Massbus to 
connect the RHll to the drive. The TM02 then assembles 
two or four frames (depending on mode) into a data word 
and presents this word accompanied by SCLK on the 
Massbus. At the trailing edge of SCLK, the RHII loads the 
data word into IBUF. In addition, the DRWC register is 
incremented. From IBUF, the data word automatically 
sequences through the Silo to the OBUF register. Successive 
words are transferred in this manner until the DRWC 
register overflows. When overflow occurs, the RUN line is 
negated and all remaining words in the sector are dis­
regarded by the RHll. The drive indicates completion of 
the record by issuing an EBL (End of Block) pulse. If the 
RUN line is unasserted when EBL occurs, the data transfer 
is terminated and the RHII becomes Ready as soon as the 
remaining Unibus memory references have been completed. 

The data words input to IBUF are propagated through the 
Silo. When the first data word reaches OBUF, an NPR 
request on the selected Unibus is issued and the WC register 
is incremented toward O. This register is loaded with the 2's 
complement of the number of words to be transferred and 
incremented each time a word is loaded in OBUF. 
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NOTE 
The NPR request allows the RH 11 to acquire 
bus mastership in order to transfer data directly 
to or from memory. This sequence is described 
in Paragraph 6.7. 

When the RHll acquires bus mastership, it sends a memory 
address (stored in the BA register and in bits 8 and 9 of 
CS 1) and data (stored in OBUF) onto the Unibus. The 
RHll issues BUS MSYN 200 ns after the data and address 
are placed on the Unibus. Memory acknowledges receipt of 
the da ta by asserting SSYN. The RH 11 then removes 
MSYN and waits 75 ns before changing the data and 
address. After the data word has been transferred, the Bus 
Address register is incremented by 2 since the RHII is 
word·oriented and the PDp·II memory reference system is 
byte·oriented. 

If there is a word in the top cell of the Silo when the data 
word is transferred from OBUF, the RHII will maintain 
control of the Unibus for a second memory reference. If a 
word is not stored in the top cell of the Silo, or if this 
transfer is the second word of a back·to-back memory 
reference, the RH 11 releases control of the Unibus and 
does not initiate a new NPR request until OBUF becomes 
full again. 

NOTE 
The RH II can perform single-cycle or back-to­
back memory references for each NPR request. 

When word count overflow occurs or an error condition is 
present, the Unibus memory references are terminated. 
When the Unibus memory references are terminated and 
the drive reaches the end of the record, the RHll 
transitions to the Ready state. 

5.3.3 Write-Check Record Transfer 
Figure 5-7 shows the interface diagram for a write-check 
operation. In a write-check operation, data written on tape 
is validated by comparing it with the data in memory used 
to write it on the tape. This operation will reveal the 
addition or loss of any bits in the transmission process from 
memory to the tape via the RHl1. This operation is similar 
to the read data transfer where the data is successively read 
from the tape, gated into IBUP (on the negation of SCLK), 
and propagated through the Silo. When the first data,word 
reaches OBUF, an NPR request is initiated and a Unibus 
cycle allows the original data word from memory to be 
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supplied to the RHil. The data word in OBUF is compared 
with its original counterpart from memory. If any bits do 
not compare, the WCE (Write-Check Error) bit is set and 
the word is 'frozen' in OBUF so that the program can 
examine the data word in error from the tape. If the hits do 
compare, the write-check operation continues until the 
record is checked or until an error is detected. 

When the RHll becomes bus master and requests a data 
word from memory, memory issues the data word on the 
Unibus accompanied by SSYN. When the RHII receives 
SSYN, it waits 125 ns to deskew data on the Unibus and to 
allow the data to propagate through the XOR ga tes before 
MSYN is cleared. 

5.4 WRITE FLOW DIAGRAM DESCRIPTION 
Figure 5-8 is a detailed flow diagram of the write data 
transfer. Initially, the RHl1 is in the Ready state and the 
program specifies the bus address, word count, frame 
count, and selected unit (specified in CS2). A Writc 
command is loaded in bits as through a 1 of CS 1 and the 
GO bit is set in bit 00 of CSl. The Ready state in the RHll 
is then cleared and the Silo is initialized. At this point the 
flow diagram divides into two asynchronous paths - one 
for the Unibus sequence of events and one for the Massbus 
sequence of events. The Unibus flow is discussed first 
inasmuch as a START signal, generated in this path, is 
necessary to i.nitiate the Massbus flow. 

5.4.1 Unibus Flow Descnption 
When the Write command is loaded in CSI, DATA REO is 
set. This signal asserts the BUS NPR line to request a 
Unibus cycle. The processor acknowledges the NPR by 
returning NPG (non-processor grant). The RH 11, in turn, 
clears NPR and asserts SACK, indicating acknowledgment 
of the NPG. If a cy cle is already in progress, the RH II 
waits until BBSY and SSYN become negated. When this 
occurs, the RH II asserts BBSY, indicating it is now bus 
master and negates BUS SACK. In addition, NPC MASTER 
is asserted which initiates the timing for the NPR cycles. 

The Bus Address (BA) register and bits 9 and 8 of CS 1 are 
then gated onto the Unibus in order to access the specified 
memory location. The C lines (CO and C I) are encoded for 
a DATI cycle (data into the RHII, which is the master 
device). A delay of 200 ns is provided for deskewing on the 
Unibus. This deskew period allows the address and Clines 
on the Unibus to settle and also allows time for the 
memory to decode them. 
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After the 200 ns deskew, the RBi i asserts BUS MSYN and 
increments the Word Count (We) iegistei. The p~q 11 then 
waits for SSYN to be returned from memory with the first 
data word. If SSYN does not occur within 10 ps of MSYN, 
the RHII sets NEM (non-existent memory) error and TRE 
(transfer error). A 125 ns ~~}ay is provided for deskewing 
data on the Unibus and also provides time to allow the data 
to be internally gated to IBUF. After 125 ns, a DATA STR 
(data strobe) signal is generated. The leading edge of DATA 
STR clocks the data into IBUF and sets IBUF FULL. Also 
the status of the first cell in the Silo is checked (IRDY) 
and, if empty, NEXT CYCLE is set to allow back-to-back 
memory references. 

The Unibus flow divides into two paths at this point. The 
first path checks to see if the START signal should be 
asserted; the second path provides the signals required to 
complete the present Unibus cycle and to start the new 
one. In addition, the second path allows the data from 
IBUF to be gated into the Silo and bubble up to the top; 
the second path will be described first, since the first path is 
used to initiate the Massbus flow when START is present. 

MSYN is negated and a 75 ns delay is provided to allow the 
memory to deselect. This branch of the flow then divides 
into two simultaneously occurring operations. When 
BUBBLE IN is set, it triggers the logic to look for Input 
Ready (IRDY) at the input to the Silo. When IRDY is 
present, a SHIFT IN pulse is generated which clocks the 
data from IBUF into the Silo. If a word is in the first cell of 
the Silo, IRDY is inhibited until the word bubbles up to the 
next cell. When the Silo accepts the word from IBUF, it 
clears IRDY and the word begins to bubble up the· Silo. 
When IRDY clears, BUBBLE IN and IBUF FULL clear. 
When the data reaches OBUF, it is ready to be transferred 
to tape. However, the drive is not connected to the RHII 
until the START signal is asserted. 

This branch of the flow not only inputs data to the Silo but 
also shows the completion of the Unibus cycle. The Bus 
Address (BA). register is incremented by 2 to point to the 
next sequential memory word. The RH 11 examines the WC 
f<lr~ord counter overflow and also examines TRE. If word 
count has overflowed or if TRE is present, the second 
memory cycle is not performed, the address and C lines are 
removed from the Unibus, and BBSY is negated, which 
allows another device to become bus master. The RHt1 
waits for the drive to finish the transfer before going back 
to the Ready state. If TRE or word count overflow is not 
present, the status of NEXT CYCLE is checked and, if 
asserted during the first memory cycle of the back-to-back 
references, the flow then goes to point E to start the second 
memory cycle. If NEXT CYCLE is not asserted, or if it 
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aiready is the second memOry reference of Ci bCick-to-back 
cycle, BBSY is negated and the RHII waits for IBUF 
FULL to clear before reinitiating an NPR sequence at point 
o in the flow diagram. The dotted input shown indicates 
that both parallel branches must complete before the flow 
can sequence to point D. 

The first breakpoint in the flow previous1y described will 
now be discussed. It must be understood that this operation 
is occurring in parallel with what has just been described. 
DATA STR increments the START counter which counts 
up to 64. START is asserted when the counter reaches 64, 
or word count overflow occurs, or TRE sets. 

NOTE 
If TRE sets, START is asserted and generates 
the RUN signal which the drive is waiting for. 
On the first SYNC ClK from the drive, the 
RHII sets an ERROR flip-flop. When ERROR 
is set, the synchronous bus data drivers are 
disabled, no more words are clocked out of 
OBUF, and RUN is negated at the next EBl 
assertion (which occurs at frame count over­
flow). 

S.4.2 Massbus Flow Description 
If the conditions causing the START assertion are not met, 
then this branch of the flow terminates until entered with 
the next Unibus memory cycle. When the START Signal is 
asserted, the Massbus flow is initiated. With START 
asserted, the RHll waits for OBUF FULL and then asserts 
the RUN line. By waiting for OBUF FULL, the RHll 
ensures that a data word is available on the Massbus for the 
drive to accept. 

When the RUN signa) is set, the RHll is connected to the 
drive and the RHll now waits for the first SYNC CLK 
from the drive. If a SYNC CLK does not occur after 
200 ms, the MXF (missed transfer) error is set which, in 
turn, sets TRE. This action clears the RUN line and returns 
the RHII to the Ready state. When the SYNC CLK signal 
is received by the RH 11, it is returned to the drive as a 
WRITE CLK signal. The data from OBUF has been gated 
on the synchronous bus data lines. On the trailing edge of 
SYNC CLK, OBUF FULL is cleared, BUBBLE OUT is set, 
and the Drive Word Count (DRWC) register is incremented. 
The DRWC register is checked for overflow. If there is 
overflow, the synchronous bus data drives are disabled 
which effectively writes Os in the remaining word slots in 
the record and the RUN signal is negated. The RHII then 
walts for EBL. On the trailing edge of ESL, the RHll sets 
the internal EOS (end of segment, or record) signal and 
returns to the Ready state. 



If drive word count overflow did not occur, the RHll 
examines ORDY (output ready) at the trailing edge of 
SYNC eLK. This is done to ensure that a word is in OBUF 
in time for the next transfer. If ORDY is not asserted, a 
DLT (data· late) error is raised which, in turn, causes TRE. 
The synchronous bus data drivers are disabled which causes 
Os to be written in the remaining words in the sector. The 
RHII then waits for the EBL signal from the drive, clears 
the RUN line, asserts the EOS signal, and returns to the 
Ready state. 

If ORDY is asserted, the Silo data is clocked into OBUP 
and OBUF FULL is set. When the data word is gated from 
the Silo to OBUF, ORDY is cleared and BUBBLE· OUT is 
cleared to prevent the next word in the Silo from being 
clocked into OBUP. When the next data word bubbles up 
to the top cell, ORDY is again asserted. If TRE is not 
present, the Massbus flow loops back and the RH 11 waits 
for the next SYNC CLK from the drive, indicating the next 
word is to be transferred. 

If TRE was set, the RHII waits for the SYNC CLK 
negation before synchronizing the error condition. At this 
point the Massbus data drivers are disabled to cause a 
zero-fill in the rest of the record. In addition, RUN is 
negated. At the trailing edge of EBL, End of Segment 
(EOS) is set and the RHII returns to the Ready state. 

S.S READ FLOW DIAGRAM DESCRIPTION 
Figure 5·9 is a detailed flow diagram of the read data 
transfer. Initially, the RHll is in the Ready state and the 
program specifies the bus address, word count, and selected 
unit (specified in CS2). A read command is loaded in bits 
05 through 01 of CSI and the GO bit is set in bit 00 of 
CSt. The Ready state in the RHII is then cleared, the RUN 
line is asserted which logically connects the RHII to the 
drive, and the Silo and Silo control are initialized. At this 
point the flow divides into two asynchronous branches -
the Massbus flow and the Unibus flow. The Massbus flow is 
described first because it is necessary to provide the first 
data word (ORDY assertion) to begin the Unibus flow. 

5.5.1 Massbus Flow 
The RHll sits in a Wait state waiting to receive SYNC CLK 
signals from the drive. 

NOTE 
If there is no SYNC ClK after 200 ms, MXF 
error and TRE are set. The RUN line is cleared 
and the RHII returns to the Ready state. 

SYNC CLK is issued after the TM02 has initiated tape 
motion and has a word ready. The leading edge of SYNC 
CLK informs the RHII that the drive has asserted a data 
word on the Massbus. On the trailing edge of SYNC CLK, 
the Drive Word Count (DRWC) register is incremented 
which indicates the number of words received from the 
synchronous bus. Also, the RHII checks IBUF FULL. 

If IBUF FULL is asserted indicating a word in IBUF, a DLT 
(data late) error is posted since there is no place to store the 
incoming data word. The RHll then clears RUN. On the 
trailing edge of EBL, the EOS (End of Segment) is set and 
returns the RHII to the Ready state. 

If IBUF is not full, the data word from the Massbus is 
clocked into IBUF and the IBUF FULL flag is asserted. 
After alSO ns delay (to allow the data in IBUF to be 
available to the Silo) the BUBBLE IN flip-flop is set. If 
Input Ready (IRDY) is not asserted (indicating the pres­
ence of a data word in the bottom cell of the Silo), the flow 
waits for IRDY to be asserted. As soon as IRDY is asserted, 
the BUBBLE IN flip· flop enables the data word to be 
clocked from IBUF into the Silo. When IRDY is negated, 
the IBUF FULL flag and BUBBLE IN are cleared, allowing 
a new word to be loaded into IBUF. 

Each new data word from the drive is accompanied by 
SYNC CLK and on the trailing edge of each SYNC CLK, 
the drive word count is incremented indicating receipt of 
another word. The Drive Word Count register is loaded in 
parallel with the Word Count register. Both registers 
contain the 2's complement of the number of words to be 
transferred. DRWC register is now checked for overflow. If 
drive word count has not overflowed and there is no TRE, 
the flow loops back to point C and waits for the next 
SYNC CLK and the next data word. With TRE set or drive"' 
word count overflow, the RUN line is cleared. The RHII 
waits for EBL, sets EOS on the trailing edge of EBL, and 
returns to the Ready state when the Unibus flow is 
completed. 
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5.5.2 Unibus Flow 
The Unibus flow is waiting for the first data word to be 
clocked to the top cell of the Silo. When this occurs, ORDY 
(output ready) is asserted. Since this is the first word, 
OBUF is not full and the data word is gated into OBUF, the 
OBUF FULL flag is asserted, BUBBLE OUT is cleared 
(previously initialized set), and ORDY is cleared. The word 
count is incremented. The condition of OBUF FULL being 
asserted causes DATA REQ to set, whicn enables the RH11 
to assert BUS NPR. The RH11 waits for NPG (non­
processor grant); upon receipt of NPG, the RH11 is the 
next device to gain control of the bus and asserts BUS 
SACK acknowledging receipt of NPG. BUS NPR is also 
cleared. The RH11 is waiting for BBSY and SSYN from the 
previous Unibus cycle to be removed. When this occurs, 
SACK is cleared and the RHII asserts BBSY and becomes 
bus master. 

The RH11 then asserts an NPC master signal, gates the bus 
address to the Unibus address lines, encodes the control 
lines (CO and Cl) for a DATO cycle, and gates the data 
from OBUF to the Unibus dat~ lines. The RH11 now waits 
200 ns to deskew the address, control, and data lines before 
BUS MSYN is asserted. 

The RHll asserts BUS MSYN and waits for memory to 
respond with SSYN. If the memory location specified by 
the bus address does not respond within 10 ps, the RHll 
sets a NEM (non-existent memory) error, which causes TRE 
to set. 

SSYN :indicates that the memory has accepted the data 
word. At this time, MSYN is negated and the status of the 
Silo is checked (ORDy) to determine if another memory 
reference can be performed. If ORDY is asserted, NEXT 
CYCLE is set. 

The RH11 then waits 75 ns after MSYN is negated before 
the address is removed or changed. The 75 ns deskew 
ensures that the memory is properly deselected. The flow 
now divides into two branches. The first branch finishes the 
Unibus cycle while the second branch allows data to bubble 
out of the Silo into the OBUF register. The first branch will 
now be described. 

If a transfer error or word, count overflow occurs, the 
address, control lines, and data a.re removed from the 
Unibus, the bus address is incremented by 2, BBSY is 
cleared, and the RH11 waits for the EOS produced by the 
trailing edge of EBL from the Massbus flow. If EOS is 

present with TRE or word count overflow, the ~Ji11 ~ 
to the Ready state. Both the Massbus and Unibus 10 
must complete before the RH11 goes to the Ready statt 
is at this point that the two asynchronous loops merge 
order to set Ready. 

If there is no transfer error or word count overflow, the 
address is incremented, and if this is the second mem 
cycle or NEXT CYCLE is not set, BBSY is cleared. At 1 

point, the flow stops and waits for OBUF FULL to 
before looping back to point E and reinitiating an N 
cycle. 

If the bus cycle was not the second one and the NE 
CYCLE flop is set, the RHll waits for the next data w( 
(OBUF FULL asserted) before starting the second back· 
back cycle. At this point, the flow loops back to point F. 

The second branch, which begins after the 75 ns del: 
allows data to be bubbled out of the Silo and into OBl 
register. This is shown by OBUF FULL being cleared a 
BUBBLE OUT set to allow the data word in the top cell 
the Silo to be transferred to OBUF. When ORDY 
asserted, the Silo data is transferred to OBUF and OBl 
FULL is set. The dotted lines indicate that this operati 
(OBUF FULL setting) allows the first branch to contim 
When ORDY is negated, the BUBBLE OUT flip-flop 
cleared and the we register is incremented. The flow th 
ends until the next memory cycle causes this branch to 
reentered. 
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5.6 WRITE CHECK FLOW DIAGRAM DESCRIPTION 
Figure 5-10 is a detailed flow diagram of the write-che 
operation. This operation reads data from the device via t: 
Massbus and stores the data in the Silo. When the da 
propagates through the Silo to OBUF, a Unibus cycle 
performed to read the corresponding word in memory. Tt 
word is compared with the word from the drive which h 
propagated into OBUF. The comparison is accomplished 1 
a series of Exclusive-OR gates. If the two words are equ 
(indicating no transmission errors), the OBUF FULL flag 
cleared, and successive data words are compared until , 
error or until. all words have been compared. If the two a 
not equal, the WeE (write-check error) bit is set which se 
TRE, the word is frozen in OBUF, and the OBUF FUL 
flag remains asserted. Either the word read from the devi( 
and stored in OBUF or the word read from the Unibl 
could be in error. Since it is more difficult to access tt. 
word from the drive, this word is held in OBUF in the ever 
ofa WeE. 
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5.6.1 Massbus Flow Description 
The description of the Massbus flow for the write-check 
operation is identical to the read operation (Paragraph 
5.5.1 ). 

5.6.2 Unibus Flow Description 
'The description of the Unibus now for the write-check 
operation is similar to that for the read operation 
(paragraph 5.5.2) with the following exceptions: 

a. A DATI Unibus operation is performed to 
receive data from the specified memory loca­
tion. 
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b. Upon receipt of SSYN from memory, the 
RHll generates a 125 ns delay to deskew the 
data on the Unibus and to allow the data to 
propagate through the Exclusive-OR gates so 
that it may be compared with OBUF, and 

c. If the data from menlory and the data from the 
drive (stored in OBUF) do not compare, the 
WeE is posted and the parallel branch of the 
flow which transfers data from the Silo to 
OBUF does not occur. 



CHAPTER 6 
DETAILED LOGIC DESCRIPTION 

6.1 GENERAL 
This chapter provides a detailed description of the RHl1 
logic diagrams. These descriptions should be used in 
conjunction with the flow diagrams in Chapter 5 to provide 
both an overall and detailed understanding of the RHII ~ 
The diagrams described in this chapter are tabulated in 
Table 6-1. 

The M7295 module is designated BCT and is used for bus 
control: the M7296 module is designated CSR and is used 
for control and status~ the M7294 module is designated 
DBC and is used for data path routing; and the M7297 
module is designated PAC and is used for parity generation 
and checking. 

Detailed timing diagrams (Figure 6-1,6-2,6-3, and 64) are 
also included in this chapter and may be used in conjunc­
tion with the detailed logic descriptions to show timing 
relationships between signals. Figure 6-1 is the Unibus 
timing diagram for a write operation; Figure 6-2 is the 
Unibus timing diagram for a read or write-check operation; 
Figure 6-3 is the Massbus timing diagram for a write 
operation; and Figure 6-4 is the Massbus timing diagram for 
a read or wri te-check operation. 

6.2 BCT A LOGIC DIAGRAM 
This diagram contains the register selection logic used by 
the program to select local RHII registers or remote 
registers in the associated drive. The register address is 
supplied to 18 Unibus receivers (8838) via the Unibus. Bits 
17 through 13 of the register address are asserted desig­
nating the I/O area. Bits 12 through 5 are fed to a series of 
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jumper Exclusive-OR gates whose outputs are collector­
ORed. If any orthe output of these gates goes low, it forces 
the output line low as in the case where the Unibus address 
does not match the selected address of the RH 11. The 
addresses to which the RH 11 responds can be reloca ted by 
modifying the jumpers. If a jumper is left in, it represents a 
logic 0 and if it is cut, it represents a logic I. The register 
address bits are asserted low on the Unibus. For example, 
address bit 12 is low at the input to the 8838 Unibus 
receiver. The output of this gate goes high. This is 
compared to the jumper intact which is low. The output of 
the Exclusive-OR gate, after inversion, is low and this drives 
the collector-ORed output line low to inhibit DEV SEL. On 
the other hand, if the jumper is out, (representing a I), the 
Exclusive-OR gate compares two high inputs yielding a high 
output which enables the DEV SEL signal for that bit. 

Bits 4 through 1 of the Unibus address are supplied to a 
32-cell read only memory (ROM). A low logic level is 
supplied to the fifth address input to the ROM via the 
jumper selection at E3 and thereby allows 4 address bits to 
specify one of 16 cells in the ROM. The contents of the 
specified cell represents a specific pattern on the eight 
output signals (MO through M7) of the ROM. 

These outputs are used to provide the appropriate register 
signals. Each cell represents a different register address. If 
more than 16 registers arc required for a particular RBI I 
system, the jumpers at E3 shown below the address jumpers 
are selected to feed bit 5 of the Unibus address to the 
ROM. As a result, one of 32 cells in the ROM can be 
specified, and Unibus address bit 5 is not compared at the 
Exclusive-OR gates which enable a DEV SEL signal. 



Logic Print 

BCTA 
BeTn 
BCTC 
BCTD 
BCTE 
BCTF 
BCTH 
BCTJ 
BCTK 
CSRA 
CSRB 

DBCA 
DBCB 
DBCC 
DBCD 
DBCE 
DBCF 
DBCH 
DBCJ 

PACA 

MBSA 
MBSB 
MBSC 

BUSA 
BUSB 

M9300 

G727 

Table 6-1 
Listing of RH 11 Logic Diagrams 

Functions 

Register Sch:-ction 
Unibus A Address Drivers; SSYN; DEMAND 
Bus Address. Register 
Word Count Register (07:00) 
Word Count Register (15 :08) 
Interrupt Control 
NPR Control 
MXF; Data Out MPX; MB INIT 
PROM Truth Table 
Control and Status Register CSI 
Control and Status Register CS2 and Error Status 

NPR Control Logic 
Silo Timing Control 
Silo Data Path (II :00) 
Silo Data Path (I 7: 1 2) 
Unibus B Da ta Transceivers 
Unibus A Data Transceivers 
Unibus Parity Control and Data Out MPXs 
Start Control and Data Out MPXs 

Parity Control (Massbus Parity Detection and Generation) 

Massbus Transceiver (Massbus Cable A) 
Massbus Transceiver (Massbus Cable B) 
Massbus Transceiver (Massbus Cable C) 

Unibus A Cable Diagram 
Unibus B Cable Diagram 

Unibus B Terminator 

Grant Continuity Module 
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Figure 6-1 Write UNIBUS Timing Diagram 
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Figure 6-2 Read & Write Check UNIBUS Timing Diagram 
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Figure 64 Read & Write Check MASS BUS Timing Diagram 



In addition, the four most significant address bits which are 
applied to the ROM are compared against a jumper setting 
which define the exact number of registers used in the 
system. Each of these jumpers is weighted by the value 
assigned to it. If a jumper is removed, the RHll will 
respond to the number of registers designated by the 
removed jumper. This number is added to the base address 
set by the address select jumpers on the Exclusive-OR gates. 
For example, if 12 registers are used in the system, the 
jumpers weighted 8 and 4 are removed. A Unibus address 
between the base address and the base address + 11 words 
would be a valid register address. A Unibus address equal to 
or greater than the base address + 12 words will cause the 
Logal REG output of the comparator to go unasserted, thus 
preyenting the SSYN response. 

NOTE 
MSYN is delayed for 150 ns by the processor to 
allow the jumper Exclusive-OR gate decoder 
sufficient time to decode the address of the 
selected register. The MSYN signal then keys 
the DEY SEL signal which starts the register 
strobing sequence. 

6.2.1 Local/Remote Register Selection 
In addition to encoding the register address, the ROM 
asserts the LOC/REM H signal if a local register is being 
accessed. The Massbus handshaking sequence necessary to 
access a register located in a drive is inhibited in this case. If 
a remote register is being addressed, the LaC/REM H signal 
is not asserted (the Massbus handshaking sequence is 
enabled) and the DEMAND signal is initiated. 

NOTE 
The CS 1 register. is shared by the RH 11 control 
and the associated drive. The LOCAL/REM H 
signal is not asserted to address this register. If 
LOC/REM H is asserted, the Massbus hand­
shaking sequence is inhibited. This would pre­
vent access to the portion of the CS 1 register 
located in the drive. 

6.2.2 RSEL Signals 
The RSEL 04 through RSEL 00 signals from the output of 
the ROM are supplied to the Massbus which will be 
decoded in the drive to select a specific register. In 
addition, RSEL 00 and RSEL 01 are supplied to the lower 
of two 7442 BCD-to-decimal decoders and are used when 
the LOCAL/REM signal is asserted. The lower decoder 
decodes the CS2, DB, and BA registers and whether an 
input (from processor to RHI 1) or output (from RHll to 
processor) function is to occur. 
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6.2.3 Decoder Inputs 
Inputs' DO, D 1, and D2 to the decoder specify one of 8 
outputs from 0 through 7 (outputs 3 and 7 arc not used). 
RSEL 00 and RSEL 01 are applied to inputs DO and 01 of 
the decoder, respectively, and specify one of the three 
above mentioned registers. BUSA ('1 is applied to input D2 
of the decoder and specifies an input or output function. 
When BUSA Cl L is asserted, the D2 input to the decoder 
is low enabling the register codes on outputs 0, 1, and 2. 
This indicates a DATa or DATOB where the data is 
transferred from the master (processor) to the slave 
(RH11). The register Signal names incorporate the word 
"IN" denoting a 'write register' operation. When BUSA C1 
L is not asserted, the D2 input to the decoder is high 
enabling the register codes on outputs 5, 6, and 7. This 
indicates a DATI or DATIP where the data is transferred 
from the slave (RHl1) to the master (processor). The signal 
names are designated with the word "OUT" denoting a 
'read register' operation. Input D3 is asserted low if the 
LOCAL REM H signal indicates a local register is addressed 
and DEY SEL H is asserted. 

6.2.4 Decoder Outputs 
With input D3 low, outputs 0 through 7 are enabled. If 
input 03 is not asserted, the outputs from 0 through 7 are 
inhibited and the decoder outputs are switched to 8 and 9 
which are not used. Since the RSEL 04 through RSEL 00 
signals are not used for selecting a drive register when the 
LaC/REM H .signal is asserted, it is possible to redefine the 
two bottom bits of the ROM (RSEL 00 and RSEL 01) to 
be used as inputs to the decoder. 

The upper decoder is similar to the lower one with a few 
exceptions noted below. 

• Input D2 operates exactly the same as 
described for the lower decoder. 

• 

• 

ROM outputs M6 and M7 are used to decode 
the registers (WC, AS, CSl) associated with the 
upper decoder and are applied to inputs DO and 
D 1 , respectively. 

Input D3 is enabled when DEY SEL L is 
asserted. LaC/REM H is not required since the 
M6 and M7 outputs of the ROM are not dual 
defined and may be used anytime. 



6.2.5 Word or Byte Addressing 
The logic network with the AO, CO, and Cl inputs 
determines whether word or byte addressing is required and 
whether an input or output function is occurring. The 
n~twork implements the chart ~;hown below. 

Cl CO 

o o DATI 
o DATIP 

o DATa 
DAToB 

. 6.2.6 Control Lines 

if AOO = 0, low byte is 
specified. 

if AOO = I , high byte is 
specified. 

The CO and C 1 lines from the Unibus generate the DIR 
TRANS (direction of transfer) signal. When this signal is 
asserted, the direction of data transfer is from the RHll to 
the drive register via the Massbus. When the signal is not 
asserted, the direction of data transfer is from the drive 
register to the RH 11, and then to the Unibus to be made 
available to the program. The DIR TRANS signal is used to 
form the CToD signal on the Massbus. 

6.2.7 ODD BYTE L Signal 
The ODD BYTE L Signal is asserted when performing a 
DATOB to the high byte and is used to generate DIS DEM 
(disable demand). This is done to prevent the low (even) 
byte of the C51 register from changing to the upper byte 
when the program is doing a byte operation (this is 
necessary since the Massbus does not implement byte 
operations and write able bits in the low byte of CS 1 are 
located in the drive). 

6.2.8 Device Select (DEY SEL) Logic 
The upper portion of BCT A shows the DEV SEL logic and 
the deskew demand logic. Bits 17 through 5 of the Unibus 
A address are used to generate DEV SEL L when MSYN 
occurs. MSYN is delayed from the address ISO ns to allow 
the address to be properly decoded by the jumper 
Exclusive-OR gates. 

The negative-going edge of the DEV SEL L signal triggers 
one-shot muItivibrator E63. The external components 
associated with this multivibrator are chosen to provide an 
85 ns delay. Consequently, the negative-going edge of DE V 
SEL causes an 85 ns negative-going pulse at the 0 output of 
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the one-shot. The positive-going trailing edge of this 
one-shot triggers a second one-shot with external com­
ponents chosen for a delay of 135 ns. A positive-going pulse 
of 135 ns from the 1 output and a negative-going pulse of 
135 ns from the 0 output are available. 

6.2.9 Deskew Demand (DESK DEM) 
The output of the second one-shot is designated DESK 
DEM (1) H or DESK DEM (0) H and proVides a total delay 
of 220 ns before DEMAND is issued to the Massbus (see 
logic diagram BCTB). 

6.2.10 Register Strobe (REG STR) 
A REG STR signal is generated 85 ns after MSYN and is 
used for clocking the local registers. 

6.2.11 Control Out (CTRL OUT) Signal 
The CTRL OUT L signal is used when reading a remote 
register in the drive. CTRL OUT L is generated when the 
LaC/REM H signal is not asserted (remote mode), DEV 
SEL is asserted, and the BUSA C1 L signal is not asserted. 
This signal switches the multiplexer on logic diagram DBCH 
to gate the Massbus asynchronous data to the Unibus data 
lines making the register information available to the 
program. 

6.2.12 Gate Control (GATE CNTL) Signal 
The GATE CNTL H Signal is used when writing into a 
remote register in the drive. GATE CNTL L is generated 
when DIR TRANS and DEV SEL signals are asserted and 
gate the Unibus data signals to the Massbus control lines. 

6.3 LOGIC DIAGRAM BCTB 
This sheet contains the DEMAND, SSYN, and NED logic 
and also contains the Unibus A address drivers used to gate 
the bus address to the Unibus. 

63.1 Deskew Demand (DESK OEM) Logic 
1 he Dl SK DEM (0) H signal from sheet BCT A is delayed 
2 ~O ns (rom MSYN and sets the SET DEM flip-flop. When 
Sl t, this flip-flop causes DEMAND to be set, provided the 
1 RANS (transfer) Signal is not present on the Massbus. The 
1 RANS signal is generated in the drive when the drive is 
r 'ady to accept data or has data for transfer to the RBll. 

6.3.2 Response from Drive 
TRANS generates RESP L (response), indicating that the 
drive has responded to the controller. If no response occurs 
within 1.5 jJ.S, a non-existent drive has been accessed. In tills 
case, the NED (non-existent drive) flip-flop on BeTB is set. 



6.3.3 SSYN Logic 
The SSYN logic is used to determine when SSYN is sent to 
the Unibus. Each of the various methods of setting SSYN is 
described below. 

Setting SSYN-Writing Remote Register (register electrically 
located in the drive) -- When the program writes a remote 
register via the RH 11, the unit select bits, the RSEL 04 
through 00 signals, and the data are gated onto the 
Massbus. The unit select bits select the specified unit and 
the RSEL 04· through 00 signals select the appropriate 
register in that unit. If the RHII is writing into a remote 
register, DIR TRANS H is asserted. After a 220 ns deskew 
period, the RH 11 asserts DEMAND on the Massbus. When 
the drive sees DEMAND and recognizes its own unit select 
code and register address, it takes the data and issues 
TRANS which generates RESP in the RHl1. Consequently, 
since DEMAND (1) H is asserted (accessing a remote 
register), DIR TRANS H· is asserted (controller-to-drive 
transfer), and RESP L is asserted, gate E83 at zone D-6 
generates SET SSYN L which is applied to the direct set 
input of the SSYN flip-flop. 

NOTE 
The Attention Summary register is a I-bit 
pseudo register. When this register is accessed, 
more than one drive may respond. Therefore, 
the TRANS signal cannot be used to indicate 
the availability of data. In order to ensure that 
all drives have. their respective Attention 
Summary bits loaded, a 1.5 IlS delay is incorpo­
rated before the setting of SSYN. 

Setting SSYN-Reading Remote Register - If the RHll is 
reading a remote register (accepting data from the drive), 
the drive after recognizing its unit select code, register 
address, direction of transfer, and DEMAND, issues TRANS 
which generates RESP L in the RH11. Since DIR TRANS H 
is unasserted at this time (drive-to-controller transfer), a 
200 ns one-shot multivibrator (E93) is fired. The external 
components are selected to provide the 200 ns pulse. This 
delay is designed to allow the data from the drive to 
propagate to the RHll and onto the Unibus before SSYN 
is set. In other words, SSYN cannot be asserted on the 
Unibus until the data from the drive has been transferred to 
the Unibus and has stabilized. Consequently ,when the 
one-shot fires, the a output goes low for 200 ns forcing the 
clock input to the SSYN flip-flop low for this period. At 
the end of 200 ns, the positive-going trailing edge of the 
200 ns pulse sets SSYN which is asserted on the Unibus. 
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Setting SSYN-Access Local Registers - SSYN is set during 
the access of local registers as a result of REG STR II and 
DIS DEM H being asserted. REG STR H is generated 85 ns 
after MSYN on logic diagram BeTA and is used as a strobe 
input to the local register being accessed. Signal DIS DEM 
H indicates that the Massbus cycle is inhibited and a local 
register is being accessed. At the trailing cllge of thr REG 
STR signal, SSYN is set indicating that data has been 
accepted or is present on the Unibus when writing or 
reading a local register. 

One-Shot Multivibrator (1.5 IlS) -- The 1.5 IlS one-shot 
muWvibrator (E93) shown in zone C-6 serves two purposes. 
First, it checks whether a non-existent drive has been 
accessed. The one-shot is fired when DEMAND is asserted. 
When the drive responds with TRANS which generates 
RESP L, the one-shot is cleared. As previously described, 
RESP L either generates SET SSYN L or DESK DATA L, 
depending on the state of the DIR TRANS H signal. Either 
of these signals direct clears the 1.5 IlS one-shot, causing a 
positive-going edge at the output. This edge tries 10 clock 
the NED flip-flop set, but the same signal that direct clears 
the 1.5 IlS one-shot also direct clears the NED flip-flop. 
When the RHll issues DEMAND and receives TRANS from 
the drive, the 1.5 IlS one-shot is cleared. In addition, the 
NED flip-flop is inhibited from setting. If the drive did not 
respond, the SET SSYN L and DESK DAT A L signals are 
both inhibited from clearing the one-shot, causing the 
one-shot to time out. At this time, the positive-going edge 
clocks the SSYN flip-flop set. The NED flip-flop also sets if 
the register being accessed is not the Attention Summary 
register. 

NOTE 
The DEV SEL H signal is applied to the direct 
clear input of the one-shot and NED flip-flops. 
If set, the flip-flops are cleared after the Unibus 
cycle is completed and the addressed register 
has been deselected. 

A second function of the one-shot is to provide a 1.5 IlS 
waiting period to allow the Attention Summary register in 
the various drives to be properly read from or written into. 
In this case, the one-shot times out because the RESP Signal 
is inhibited and at the end of 1.5 IlS, SSYN is set. NED is 
not set since the flip-flop is set only when a register other 
than the Attention Summary register has been addressed 
and no RESP is received. 



DIS DEM disables the DEMAND signal from being asserted 
on the Massbus and is generated under the following 
conditions: 

1. If the LaC/REM H signal is asserted indicating 
local mode, DIS OEM is generated to inhibit 
the Massbus handshake sequence. 

2. DIS OEM is generated if the access is to the odd 
byte (ODD BYTE L) in the CSI register (CSI 
IN L). The CS1 register is shared by the RHI1 
and the drive with the odd byte being in the 
RHII and the even byte being in the drive. 
ODD BYTE Land CSI IN L generate DIS OEM 
to inhibit the Massbus handshake sequence in 
order to prevent altering the even (low) byte of 
the CS 1 register located in the drive when the 
program is doing a byte operation to the odd 
(high) byte in the RHI1. This is necessary 
because the Massbus cannot differentiate byte 
from word operations. 

3. The STOP DEM L signal is asserted when the 
processor tries to load a function code specify­
ing a data transfer operation into the drive 
while the RHI1 is already busy executing a 
data transfer function with that drive or some 
other drive. For example, if unit 0 is doing a 
read data transfer and the processor tries to do 
a read or write data transfer in unit I, the STOP 
OEM L signal from CSRB prevents the function 
~ode from being transferred to unit I; other­
wise, there would be the OR condition of data 
from unit 0 and unit 1 on the synchronous 
Massbus and the program could not distinguish 
unit 0 data from unit 1 data. 

In addition, the DEMAND signal is inhibited when the LEG 
REG (legal register) signal from BCT A is not asserted. This 
prevents a SSYN response by the RHll which indicates to 
the processor that the Unibus address was not recognized 
by the RHll. 

6.3.4 Gating Address Onto Unibus 
The remainder of the sheet shows the Unibus drivers which 
gate the contents of the Bus Address (BA) register and A16 
and AI7 of CS1 onto the Unibus address lines. This is 
accomplished when the RHII is bus master and doing NPR 
cycles. Signal ADDR TO BUS H is used to gate the address; 
signal SEL BUSA H from the CSR module (sheet A) is 
asserted when the PSEL bit in the CSI register is cleared. 

At this time, the RH 11 is connected to Unibus A. During 
NPR operations, if PSEL is asserted, the RH 11 is connected 
to Unibus B. The RHll is always powered up in the 
condition where PSEL is cleared indicating the RH 11 is 
connected to Unibus A. 
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6.3.5 Data Buffer Out Clock 
The DB OCLK H Signal is used to release data at the output 
of the Silo when the DB register is read by the program. 
The BCT A CO L signal is used to inhibit the assertion of 
DB OCLK during Unibus DATIP operations. This is 
necessary so that a read-modify-write instruction does not 
falsely remove data from the Silo. DB register selection is 
used for maintenance purposes when verifying the opera­
tion of the 66-word Silo Buffer register. Signal DB OC'LK is 
asserted when the RHII responds with SSYN to the 
register operation (if not a DATIP) and is released when the 
processor removes MSYN. 

6.4 LOGIC DIAGRAM BCTC 
This sheet contains the logic for the 16-bit Bus Address 
register and the 2 extension address bits located in the CS 1 
register. The register functions as an up-down counter and 
consists of four 74193 chips, providing outputs labeled 
BUSB AOl L through BUSB Al5 L. The inputs to the chips 
come from the Unibus A data receivers, shown on sheet 
DBCF. The register is loaded when the BA IN L signal, 
REG STR H, and HI BYTE or LO BYTE signal is available, 
depending on whether the high byte or low byte is to be 
loaded. If the register is to be loaded as a word, both HI 
BYTE Hand LO BYTE H signals are asserted. 

A fifth chip processes bits 9 and 8 of CS 1 which are 
extension bits of the Bus Address register. These bits are 
designated A16 and AI7. The chip is loaded when CSI IN 
L, REG STR H, and HI BYTE H are asserted. The RDY 
signal must also be asserted to load this chip in order to 
prevent bits A16 and A17 from being changed unless the 
RHII is in the Ready state, since other commands can be 
passed through the dynamic CSI register to drives not 
doing transfers. 

The 74193 chip has a load input. When this input goes low, 
the data on the input lines is loaded into the register. The 
chip also has a CLR input which clears the register to all Os 
when CLR H is asserted. The register functions as an 
up-down counter which counts on the positive-going 
trailing edge of the ADDR TO BUS H strobe. If eNT DW 
(1) H is asserted, the register counts down; if CNT DW (0) 
H is asserted, the register counts up. 



6.4.1 Clocking Bus Address Register 
The ADDR TO BUS H clock can be inhibited by setting the 
bus address increment inhibit bit (BAI bit 08) in the CS2 
register. When the BAI bit is set, it prevents the bus address 
from changing during transfers, and the transfers will 
always occur from that same memory location. This feature 
might be used when refreshing a display. Normally, BAI (0) 
H is asserted at the input to AND gate E88 in zone A-7 to 
enable the ADDR TO BUS H strobe used to increment or 
decrement the Bus Address register. 

6.4.2 Address Bit 00 
Address bit 00 is not implemented making the bus address 
always even (word addressing). This results in only three 
bits being implemented in the low-order 74193 chip. Since 
the carry and borrow lines are based on four bits in the 
chip, two external gates are employed as decoders - AND 
ga te E 21 in zone B-6 to detect a carry condition (all 1 s) and 
NOR gate E20 in zone C-6 to detect a borrow condition (all 
Os). 

6.4.3 Count Down (CNT DW) Flip-Flop 
A CNT DW flip-flop is shown in zone A-4 of the diagram 
and is employed for future capability when reverse write­
check and reverse read operations may be implemented. 
When a reverse function code is loaded (defined by a 
combination of GO CLR and data bits DOl and D02), the 
CNT DW flip-flop sets, and reverse write-check and reverse 
read operations can be implemented. 

6.4.4 Bus Address Outputs 
The bus address outputs from the MTBA Bus Address 
register are multiplexed with the outputs of the MTWC 
Word Count register on logic diagrams BCTD and BCTE for 
transfer to the Unibus data lines when the register is read 
by the program. 

The BA register and address extension bits (AI6 and AI7) 
are also driven onto the selected Unibus (A or B) when the 
RHll is performing NPR transfers. This selects the memory 
location to be accessed by the transfer. The Unibus A 
address drivers are located on sheet BCTB, while the Unibus 
B address drivers are located on sheet BCTC. 

6.S LOGIC DIAGRAM BCTD, BCTE 
Logic diagram BCTE contains the upper eight bits of the 
Drive Word Count register, the upper eight bits of the Word 
Count register and two quad-input multiplexer chips (8234) 
used to select the word count or bus address when the 
program reads these registers. Logic diagram BCTD contains 
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a similar arrangement for the lower eight bits of the Drive 
Word Count and Word Count registers and contains an 
additional two quad-input multiplexer chips for selecting 
the lower bits of the Bus Address or Word Count register. 

6.S.1 Word Count Registers 
The Drive Word Count (DRWC) register counts words 
transferred between the RH 11 and the Massbus and is 
invisible to the program. This register detects when the 
RUN line should be unasserted on the Massbus. The Word 
Count (WC) register is a programmable register which 
counts words transferred between the RH 11 and memory 
on the Unibus; Both registers are loaded in parallel with the 
2's complement of the number of words to be transferred 
and are incremented toward 0 for each transfer. 

The load input to both registers is the logical AND of WC 
IN H (Word Count register specified), REG STR H and HI 
BYTE Hand LO BYTE H. The Drive Word Count register is 
incremented by DRIVE CLK H on sheet BCTD. This signal 
is a synchronous clock and occurs if there is no word count 
overflow or no error condition. The Word Count register is 
clocked by the INC WC L signal from sheet DBCB. The 
registers count on the trailing edge (positive-going) of the 
DRIVE CLK signal and INC WC Signal. A carry out of one 
chip of the Word Count register is rippled to the count 
input of the next successive chip. When a carry occurs out 
of the chip with the most significant bits, word count 
overflow occurs. The Drive Word Count register is configu­
red in the same manner and when the carry occurs out of 
the chip with the most significant bits, drive word count 
overflow occurs. Note the absence of a clear input to both 
registers. Since the registers are preloaded at the start of a 
data transfer, a clear is not necessary. 

6.S.2 Word Count or Bus Address Selection 
The output from the Word Count register is applied to 
8234 multiplexer chips. These chips switch either the 
contents of the Word Count register or Bus Address register 
to the output. When the SO input is low, the B inputs (BO, 
Bl, B2, etc.) are switched to the F outputs (FO, FI, F2, 
etc.). This condition occurs when the Bus Address register 
is selected from the register select logic on sheet BCT A. 
When the SI input is low, the A inputs (AO, AI, A2, etc.) 
are gated to the F outputs. This condition occurs when the 
Word Count register has been selected by the register select 
logic on sheet BCT A. Since SO and S 1 are supplied from a 
decoder, both cannot be low at the same time. If both 
inputs are high, the output is disabled and floats high unless 
asserted by another chip wired in parallel. The multiplexer 
is open-collector and can be bused together with other 



multiplexers. The output feeds an internal bus (BUSI) 
which is used to sum up data from all the registers and 
prepares it for input to the Unibus drivers which drive 
Unibus A. 

6.5.3 Clear Logic 
Zones D-3 and D-2 on BerD contains the logic for both 
Unibuses which detem1ine when a Clear signal is generated. 
BUSA INIT L or BUSA DC La L, when asserted, generates 
INIT + DC LO L. The BUSA INIT L signal initializes the 
RHII ~lfId the drive. The BUSA DC La L indicates no 
power on the Unibus. INIT + DC La L creates MB INIT H 
(Massbus initialize) which initializes the registers in the 
drive. Thus, a no-power condition on the Unibus is 
implemented to initialize the Massbus. 

The three signals that follow generate CLR + GO CLR H 
and CLR. GO CLR is used to clear the NPR logic, and CLR 
is used to clear the RH 11 and the associated drives. 

1. INIT + DC La L - This signal is the OR of 
BUSA initialize and DC LO L. 

3. 

GO CLR L - This signal is asserted when a data 
transfer command is loaded with the GO bit in 
the CS 1 register. 

pc; CLR L - This signal is asserted by setting 
the CLR bit in bit 05 of the CS2 register, and is 
used to clear the RBIl and the drive registers. 

CLRB H is similar to the CLR H signal and is generated as a 
result of BUSB INIT or BUSB DC La L. This signal does 
not dear the RBI} registers as they are not connected to 
Unibus B. 

If data transfers are being performed on Unibus B when 
CLRB is asserted, a DLT (data late error) is posted to 
terminate the transfers. 

On sheet BCTE the CLR + GO CLR H signal resets the WC, 
DRWC OFLO, and DONE flip-flops. 

6.5.4 Word Count Overflow 
When the Word Count register overflows, the carry output 
goes low and is applied to the we OFLO flip-flop as a 
clock. The positive-going trailing edge of this signal clocks 
the WC OFLO flip-flop set. 

When the WC OFLO flip-flop is set and the last data 
transfer is completed (trailing edge of DATA REQ), 
flip-flop E74 is set, causing the DONE assertion which 
indicates the completion of the data transfer on the Unibus. 
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If an error occurs (TRE asserted), then the DONE signal 
will be asserted at the end of the DATA REQ. The RH 11 
waits for the EOS (end. of scgmen t) before going to the 
Ready state. The DRWC OFLO flip-flop and Drive Word 
Count register function the same as the WC OFLO flip-nop 
and Word Count register. The carry output of the Drive 
Word Count register generates a LWRD H (last word) signal, 
indicating that the RBI 1 is not to anticipate receipt of 
another word. When the RHl1 does a write data transfer, it 
normally makes sure that a word is available for transfer 
before the next SYNC ClK from the drive. When LWRD is 
generated, this operation is bypassed. LWRD is checked at 
the trailing edge of DRIVE CLK and will disable OLT (data 
late error). 

6.6 LOGIC DIAGRAM BeTF 
This diagram contains the interrupt control logic to prepare 
the Unibus to do an interrupt. The logic .... ontained herein is 
similar to that on the M7821 Interrupt Control module 
which can be found in the PDP-Ii Pen'pherals and 
Interfacing Handbuok. 

6.6.1 Interrupt Request 
The interrupt control logic is initiated by INTR REO H 
(interrupt request) and IE (1) H. The IE (Interrupt Enable) 
bit is set by the programmer by loading a 1 in bit 6 of the 
CSI register. This allows interrupts to occur upon comple­
tion of an operation or upon detecting an error condition 
when INTR REO H is asserted. 

6.6.2 Bus Request 
With the above conditions satisfied, BUSA BR L is asserted 
at the output of gate E65 in zone C4. The other input to 
this gate is enabled because the SACK and BBSY flip-flops 
are reset. The BUSA BR L signal is applied to a priority 
jumper plug (zone D-6) configured at priority levelS. This 
causes BUSA BR5 L to be asserted at the output of the 
plug. The other BR outputs from the plug are unasserted at 
this time. BUSA BR5 L causes a bus request on the Unibus. 
When the processor is ready to allow the RH lIto become 
bus master, it returns BG IN H (bus grant) shown in zone 
C-8. This signal performs the following functions. 

1. It is applied as a clock to the GRANT tlip-flop. 
The positive-going edge tries to clock GRANT 
set. However, the set input to GRANT is 
disabled by BBSY being reset and IE (I) Hand 
INTR REO H being asserted. These conditions 
hold the input to NAND gate E47, pin 2 low, 
forcing the output high. The other input (pin I) 
to the gate is from the BUSA NPR logic. With 
no NPR request, pin 1 is held high. AND gate 
E16 and inverter E64 which feed NAND gate 



1. E47 are designed to improve the Unibus 
(Cant) latency. The jumper at the input to gate E16, 

when cut, disabJes the circuit. 

2. The BG IN H signal is used to direct clear the 
GRANT flip-flop when GRANT is negated. 
However, at this time, note that the GRANT 
flip-flop is still reset. 

3. BG IN H also sets SACK 100 ns after the 
G RANT is received. The 100 ns delay is pro­
vided by the external components at the input 
to the 7408 AND gate in zone B-6. The delay 
provides the required time for the GRANT 
flip-flop to decide whether to block the grant 
or pass it on to the next device. Note that the 
set input to SACK is enabled as a result of the 
Bus Grant signal and because the GRANT 
flip-flop is still reset. 

4. When the BG IN H Signal is unasserted and 
SSYN IN Hand BBSY IN Hare unasserted 
indicating completion of the current cycle, 
BBSY is set. Note that the set input to BBSY is 
enabled since SACK is set. 

Consequently, the interrupt control logic is initiated, a bus 
request is sent to the processor, a bus grant is returned from 
the processor, and the SACK flip-flop is set after a 100 ns 
delay. When the SACK flip-flop sets, the BUSA BR5 L 
Signal goes unasserted and when the processor completes its 
current cycle, BBSY is set indicating that the RHll has 
control of the bus. When BBSY sets, the set input to the 
GRANT flip-flop is enabled and the GRANT flip-flop will 
be set by the next BG IN H signal. The grant will be passed 
to the next device on the bus. In addition, setting BBSY 
causes the SACK flip-flop to clear, and also generates INTR 
MASTER L. This signal causes the BUSA INTR L signal on 
Unibus A to be generated and also gates the 7-bit interrupt 
vector to the Unibus. The vector is jumper selectable. If the 
jumper is left in, the corresponding bit is a 1; if the jumper 
is cut, the corresponding bit is a O. 

6.6.3 Interrupt Done 
When the processor has accepted the interrupt vector, it 
returns SSYN IN H which generates INTR DONE H. Tins 
signal clears the latch in zone C-7 which allows the 
interrupt sequence to terminate. Also, INTR DONE H 
clears BBSY to allow another device to gain control of the 
bus. 

6.7 LOGIC DIAGRAM BCTH 
This diagram contains the NPR control logic I~ecessary to 
initiate NPR requests and to gain control of the Unibus in 
order to do NPR cycles. The logic on this sheet is similar to 
the logic contained on the M7821 Interrupt Control 
module described in the PDP-}} Peripherals and Interfacing 
Handbook. 

6.7.1 NPR Arbitration 
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The logic is initiated by DATA REQ H being asserted at the 
input to AND gate E15 (zone D-5). This signal is held 
asserted during the entire cycle for single cycle NPRs or is 
held asserted for both cycles when performing back-1 a-back 
NPR cycles. The other input to the AND gate is CLR 
DREQ L, wruch is normally held high during the cycle and 
enables the gate. The output of this AND gate qualil1es 
AND gate E25 (zone B-3). The other two inputs to this gate 
are enabled by the SACK and BBSY flip-flops being reset. 
The output of AND gate E25, pin 12 is supplied to two 
gates (E33), (zone D-2) to raise an NPR request on the 
Unibus which has been selected. This sheet will be 
described assuming that Unibus A has been selected. In this 
event, the BUSA NPR L signal is asserted on the Unibus. 
The processor arbitrates the NPR requests and returns a 
BUSA NPG IN H signal when it wishes to to grant the bus 
to the RHll. The BUSA NPG IN II signal clocks the 
GRANT A flip-flop, but the flip-flop does not set since the 
three inputs to gate E7 (zone D-3) are rugh causing the 
D-input to the flip-flop to remain low. Consequently, the 
GRANT signal is blocked and is not passed to the other 
devices. The BUSA NPG IN H signal is also applied to 
mUltiplexer E26. Since Unibus A has been selected, the 
multiplexer inputs at pins A3 through AO are present at the 
output. If Unibus B is selected, the inputs at pins B3 
through BO are present at the output. The BUSA NPG IN H 
signal clocks the SACK flip-flop after 100 ns. Since 
GRANT L is not asserted, the other input (pin 11) to E7 is 
high and provides a low input to the SACK flip-flop causing 
it to set. The 100 ns delay network consisting of the 
resistor and capacitor network at the input to AND gate 
E15 (zone C-5) ensures that the SACK flip-flop will not be 
prematurely set until the GRANT signal has been blocked. 
Setting the· SACK flip-flop causes the BUSA SACK L signal 
to be asserted on the Unibus and also causes the RH II to 
drop the BUSA NPR L signal. This acknowledges the fact 
that the RH 11 has received the RUSA NPG IN I { signal 
from the processor. SACK prevents the processor from 
further arbitrating NPRs. . 



6. i.2 Acquiring Bus Mastership 
MUltiplexer E26 monitors BBSY and SSYN for the selected 
Unibus (BUSA, in this case). When both BBSY and SSYN 
from the device currently acting as bus master are unasser­
ted, NOR gate E32 (zone B-6) is qualified. This enables 
AND gate E15 (zonc B-5). The other input to this gate 
qualifies the gatc when the processor drops BUSA NPG IN 
H. The output of this gate clocks the BBSY flip-flop set 
since SACK is still asserted. When BBSY sets, it asserts 
BUSA BBSY L via gate E40 (zone B-2) and also asserts NPC 
~1ASTER L, indic.lting that the RHII is now bus master.' 
This initiates the sequencing logic for an NPR cycle (see 
sheet DBC A). The 0 output of the BBSY flip-flop disquali­
nes AND gate £25 (zone B-3) which keeps the RUSA NPR 
L signal unasserted. Also, when SACK ENB Hand BBSY 
(I) H are asserted, the SACK flip-flop is cleared. 

If a device on Unibus B desires to become bus master prior 
to the RHl1 acquiring bus mastership, the logic in the 
RHII must pass the grant to the next device. The BUSB 
NPG IN H signal clocks the GRANT B flip-flop set. Since 
the SEL BUSB H signal is unasserted, the D-input to the 
flip-flop is high and the flip-flop is set allowing the GRANT 
signal to be passed to the next device. When the BUSB NPG 
IN H signal is dropped by the processor, the clear input of 
the GRANT B flip-flop is brought low, thus removing the 
BUS NPG alIT signal to the next device. 

6.7.3 Completion of NPR Cycle 
The NPR cycle(s) is completed when CLR DREQ L is 
asserted, causing AND gate E15 (zone D-S) to go low. This 
action causes the NPR cycle to end and BBSY flip-flop to 
reset, releasing the bus to the next device. 

6.8 LOGIC DLAGRAM BCT] 
This diagram contains the MB INIT logic, the logic used to 
gate out the high byte of the CSI or the CS2 registers, and 
the logic to set the (Missed Transfer Error) MXF flip-flop. 

6.8.1 MB INIT Signal 
When an initialize (INIT) signal or a power fail condition 
(DC La L) occurs on Unibus A, a MB INIT H (Massbus 
jnitialize signal) is generated and initializes all the drives. 
Both INIT and DC La are guaranteed to be a minimum of 
400 ns, and the assertion of either signal qualifies gate E87 
(zone D-4) to produce MB INIT H. 

Signal MB INIT H is also generated if the CLR bit in CS2 is 
set by the program. This ca uses a PG CLR L signal to be 
generated which fires 400 ns one-shot multivibrator E85 
(zone D-6). The output of the one-shot is a 400 ns negative 
pulse which is used to enable the other input to gate ER7 in 
zone D-4. 

6.8.2 Gating High Byte of CSl/CS2 
The two 2-to-l multiplexers (E59 and E(0) in the center of 
sheet BCTJ are used to gate out the high byte of the CS 1 or 
CS2 register. CSl OUT L, when asserted, gates the high 
byte of the cst register through the multiplexer and CS2 
OUT L, when asserted, gates the high byte of the CS2 
register through the multiplexer. The output of the 
multiplexer is the internal data bus (BUSI) which feeds 
Unibus A. 

6.8.3 MXF Error Flip-Flop 
The lower portion of sheet BCT] shows the SET MXF and 
MXF flip-flops and a 250 ms one~shot. When the RH II 
goes into the busy state (RDY H not asserted), the 250 ms 
one-shot (E85 in zone B-7) fires indicating that the RHII is 
attached to the synchronous bus. The 250 ms one-shot is 
retriggered on every SYNCCLK signal from the drive. If 
the RHl1 is busy, and a SYNC CLK pulse docs not occur 
within 250 ms, the trailing edge of the 250 ms pulse clocks 
SET MXF flip-flop E86 (zone B-5) set which, in turn, 
causes MXF flip-flop E86 (zone B-3) to be direct set. 
Normally, the D-input to the SET MXF flip-nop is at 
ground which allows the flip-flop to set. If jumper W 19 is 
cut, however, the high input applied to the D-input 
prevents the flip-flop from setting. This jumper is used for 
maintenance purposes. The MXF flip-flop can be set under 
program control by setting bit 9 (MXF error) of the CS2 
register and by generating the appropriate gating Signals (HI 
BYTE H, REG STR H, and CS2 IN L). 

The 250 ms one-shot and the SET MXF flip-nop are direct 
cleared by the CLR H signal, the BUSY flip-flop being in 
the Reset state, or the OCC (occupied) line on the Massbus 
being asserted. The MXF flip-flop is direct cleared by the 
CLRERR L signal. 

6.8.4 AC LO and DC LO 
Power supply signals AC La and DC LO are actively pulled 
up so that they may be used as inputs to the two M688 
Power Fail Driver modules. 
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9 BCTK LOGIC DIAGRAM 
le BCTK print provides the truth table for the register 
lection ROM shown on sheet BCT A. 

10 LOGIC DIAGRAM CSRA 
1is logic diagram contains the data transfer command 
gic. the RUN flip-flop, the BUSY flip-flop, the PSEL 
lort select) flip-flop, the CSI clocking logic, and the 
terrupt request logic. 

10.1 Data Transfer Command Logic 
le data transfer command logic consists of the Write, 
ead, and Write-Check flip-flops (E3 pin 6, E15 pin 6, and 
15 pin 8, respectively). These flip-flops decode the Write, 
ead, or Write-check commands that are being passed 
.rough the controller into the drive. The commands are 
~coded in the RHll to let the RHII know what type of 
)eration is to be implemented. In addition, these com­
ands are also supplied to the drive where they are again 
~coded in the drive's function register. All other com­
ands are not decoded in the RHII but are merely 
!coded in the drive. 

f1e D-input to the Write flip-flop represents the range of 
Inction codes that define the Write command. These codes 
.nge from 60 through 67. The D-input to the Read 
ip-flop represents the range of function codes that define 
Read command. These codes range from 70 to 77. The 

'-input to the Write-check flip-flop represents the function 
)des that define a Write-check command. These codes 
mge from 50 to 57. For example, the D-input to the Write 
ip-flop is enabled when D03 IN L is unasserted and D04 
I.J" Hand D05 IN H is asserted in gate E6 pin 12. This bit 
attem corresponds to the digit 6, specifying function 
)des from 60 through 67. The other flip-flops are decoded 
1 like manner. 

'he C-input to the flip-flop accepts the positive-going 
railing edge of the GO CLR L signal to clock the flip-flop 
pecified by the appropriate data bits which comprise the 
llnction code. Signal GO CLR L is used to initialize the 
,ilo and NPR logic for a data transfer, and is also used to 
.irect set the BUSY flip-flop in zone B-6, indicating a data 
ransfer command is in progress. Signal GO CLR L is 
sserted at the output of NAND gate E17, pin 6 if CLK 
:SI LO H, 000 IN H, and a data transfer command (Write, 
tead, or Write-check) has been decoded by NAND gates E6 
lin 12, E14 pin 12, or E14 pin 6. Signal CLK CSI LO H is 

asserted when the program is loading data into the low byte 
of the CSI register, and DOO IN H is asserted when the GO 
bit is set by the program. As previously mentioned, the 
write block code is 60 through 67. Since 000 IN H is 
asserted to generate GO CLR L which. in turn, is used to 
clock the data transfer flip-flops. the function l:odc for each 
data transfer command consists of only the odd function 
codes within the group. For example, the write function 
codes are 61, 63, 65 and 67. The even codes do not start a 
data transfer function since the GO bit (DOO IN H) must be 
asserted. 

The outputs of the data transfer flip-flops are applied to 
various gates to generate signals for internal use. Gate E20, 
pin 4 generates the Ready Signal when there is no Read, 
Write or Write-check command being processed, meaning 
that the RHII is capable of accepting a data transfer 
command. This fact is reflected in bit 7 (RDY) of the CS 1 
register. NAND gateEl, pin II generates WRITE L after 
the function command has been loaded in the drive. This is 
done for the following reason: When the Write command is 
asserted, a DATA REQ signal is initiated, causing a memory 
access on the Unibus. To prevent this access from occurring 
when the RHII is trying to access a non-existent drive, the 
WRITE flip-flop is ANDed with FCTN LOAD (1) L. Signal 
FCTN LOAD (1) L inhibits the Write command from 
initiating a memory access until the command has been 
loaded into the drive. In this way, the memory cycle is not 
performed for a non-existent drive. Should a non-existent 
drive be accessed, an NED (non-existent drive) error is 
raised which disables the DATA REQ signal from initiating 
an NPR cycle. Inverter E13, pin 10 merely provides a 
buffered output of the Read signal. Gate E5, pin 3 ORs the 
output of the Read and Write-check flip-flops to create the 
Read or Write-check Signal. Inverter E13, pin 12 buffers the 
Write-check signal from the WR CHECK flip-flop. When the 
data transfer is complete for a particular operation, the 
appropriate data transfer flip-flop is cleared by gate E8, pin 
3. This gate is asserted by BUSY (0) Hand DEV SEL L not 
asserted or by CLR L being asserted. BUSY (0) H is 
asserted when the BUSY flip-flop is cleared, indicating that 
the RHll is no longer busy. This flip-flop is described in 
subsequent paragraphs. The DEV SEL L signal is asserted 
when the program is reading or writing a register and 
prevents the program from looking at the ready bit during 
the time the bit might be changing. When the data transfer 
flip-flops are cleared, the RHII goes to the RDY state. 
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6.10.2 RUN Flip-Flop 
In a write operation, the RHII transfers the Write 
command to the function register in the drive and then 
turns the drive on by setting the RUN flip-flop which 
asserts the RUN signal. The drive seeks the address specified 
by the program and starts accepting data words as a result 
of the SYNC CLK Signals. Before the RUN Signal is 
asserted, however, the RHII prefills the Silo with data 
words so that data is available to the drive immediately. 
This logic is implemented by NAND gate E19, pin 6 which 
is enabled by WRITE H, START H, and OBUF FULL (1) 
H. The START H signal is asserted when the number of 
words specified by the start counter have been loaded in 
the Silo. If only one or just a few words are to be 
transferred, the RHll ensures that a word is in OBUF as a 
result of OBUF FULL (1) H. In this case, the START H 
signal is asserted as a result of WC OFLO (1) H and not due 
to the start counter indication of words loaded in the Silo. 
Note that it takes from 0 to 32 JIS for a word to propagate 
from the bottom cell of the Silo to the top cell with a 
typical time of 16 JIS. Because of this time delay, the logic 
is designed to ensure that a word is in OBUF before the 
RHII turns on the drive. The TRE (1) L input to gate E19, 
pin 8, if asserted, also sets the RUN flip-flop. This is 
necessary because the data transfer command has already 
been loaded for writes when errors occur before the signal 
ST ART in the RH 11 is asserted, and the only way to 
terminate the operation is to set the RUN flip-flop and wait 
for the end of the first block or sector (designated by EBL). 
At this time, the error condition clears the RUN signal. On 
the trailing-edge of the EBL (end-of-block) signal, the drive 
looks at the cleared RUN signal and terminates its 
operations. 

In the case of a read or write-check operation, it is desired 
to set the RUN signal immediately in order that the drive 
can start filling up the Silo. This is accomplished by gate 
E19, pin 8. 

The RUN line, when cleared, disconnects the RHll from 
the drive. This line is cleared under the following condi­
tions: 

1. When drive word count overflow [DRWC 
OFLO (1) LJ is asserted. This occurs when the 
desired number of words have been transferred. 

2. If an error exists in the RBI! and the drive has 
asserted a SYNC CLOCK (SCLK). The logic is 
implemented by inverter gate E9, pin 6, which 
is enabled when an error occurs. In this 
situation, the RUN flip-flop is direct cleared 
and the drive looks at the RUN line on the 
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trailing edge of EBL. If RUN is cleared 0 

unasserted, the transfer is terminated. If RUN i: 
asserted, the drive does the transfer for the nex 
sector. 

3. If an exception (EXCP L) occurs (sce gatc E27 
pin 8). When the drive has an error t it raises thl 
EXCP line which clears RUN upon receipt a 
the EBL signal. This indicates the end of thl 
current sector. An exception is caused by an~ 
of the error conditions defined in the EF 
register. 

4. If a data transfer command is to be loaded int< 
a non-existent drive. This condition is imple 
mented by FCTN LOAD (1) H and NED H vi: 
NAND gate E9, pin 3. 

5. If a clear (CLR L) or missed transfer signa 
[MXF (1) L] occurs. 

NOTE 
The conditions described in 1, 2, 3 to 
clear the RUN flip-flop are synchronized 
to the drive. The conditions described in 
4. and 5 are not synchronized to the drive 
since there is no guarantee that a valid 
drive has been accessed or that the drive 
will respond. 

6.1 0.3 BUSY Flip-Flop 
The BUSY flip-flop is set during a data transfer commanl 
and remains set until reset by one of the followini 
situations: 

1. When the RHll is doing a data transfe 
command, the BUSY flip-flop cannot bl 
cleared and the operation cannot be terminate( 
until both the Unibus and Massbus cycles havi 
been completed. This is indicated by DONE (1 
and EOS (1) applied to NAND gate E 1. Whel 
both signals are asserted, the BUSY flip-flop i 
cleared via gate E8 t pin 8. 

2. The CLR or MXF (1) signals which clear Rill 
are also used to clear BUSY. 

3. The BUSY flip-flop can be clocked clear by . 
data transfer command being loaded into 
non-existent drive. This is accomplished b~ 

NAND gate E9, pin 3, which is qualified b~ 

FeTN LOAD (1) H and NED H. 



6.1 0.4 Port Select Flip-Flop 
The Port Select (PSEL) flip-flop in zone B-6 is a program­
mable bit which selects Unibus A or Unibus B. If the 
flip-flop is set, Unibus B is selected~ if the flip-flop is 
cleared, Unibus A is selected. The output of the PSEL 
flip-flop feeds driver ES, pin 6 which generates the SEL 
BUSA H signal used to control the data path for the 
Unibus. 

A second input to ES, pin 6 is a jumper which overrides the 
PSEL bit. PSEL is set or cleared via CSl IN H, REG STR H 
and HI BYTE H only when the .RH11 is in the Ready state. 
This prevents changing of the data path during a data 
transfer. These signals are asserted when the program is 
loading the upper byte of the CSl register. With these 
conditions asserted and the RHll in the Ready state, AND 
gate Ell, pin 3 is qualified and clocks the PSEL flip-flop 
set if D lOIN H is asserted. 

6.10.5 CSt Clocking Logic 
The CLK CSI HI Hand CLK CS1 LO H signals are 
generated by AND gates E23, pin 6 and E23, pin 8, 
respectively. These signals are clocking signals for the high 
byte and the lo.w byte of the CS 1 register. Signals HI BYTE 
H, REG STR H, and CSl H create CLK CSl HI H. Signals 
LO BYTE H, REG STR H, and CSt H create CLK CSl LO 
H. 

6.10.6 Interrupt Requests 
Interrupt requests are allowed to occur if the interrupt 
facility is enabled. The facility is enabled by the program 
loading a 1 in bit position 6 (interrupt enable bit) of the 
CS 1 register. This sets the IE (Interrupt Enable) flip-flop 
and generates IE (1) H. If an interrupt occurs (with the 
interrupt enable set), the IE bit is cleared by INTR DONE 
H which occurs when the processor has been interrupted, 
has acknowledged the interrupt, and is preparing to execute 
the' interrupt service routine. Signal INTR DONE II is 
generated on sheet BCTF and clears the IE bit to prevent 
interrupts from occurring while the service routine is being 
executed. The IE bit can also be cleared by CLR L which 
may occur during a Unibus initialize sequence, a power fail 
assertion, or by setting program clear bit 5 on the CS2 
register. 

The interrupt facility is enabled by the IE bit. However, the 
interrupt occurs as a result of the INTR REQ signal being 
asserted. Interrupts can occur as a result of one of the 
following conditions: 

1. If SC (special condition) and RDY Hare 
asserted, the INTR REQ II signal is generated 
to initiate an interrupt. SC occurs as a result of 

TRE, an ATTN signal from the drive, or MCPE 
(Massbus Control Parity Error). The RDY H 
signal ensures that the RHII is in the Ready 
state before it initiates an interrupt. For 
example, if a drive asserts A TIN while the 
RHll is busy doing a data transfer with 
another drive, the interrupt would not be 
allowed to occur until the RH 11 has completed 
the current data transfer and returned to the 
Ready state. 

2. If the IE bit is set and the RHII changes from 
the Busy to the Ready state, the INTR flip-flop 
sets and generates INTR REQ H, indicating 
completion of the data transfer and initiating 
the interrupt. 

3. The program can force an interrupt by loading 
bits D06 H (IE) and D07 H (RDY) in the CSl 
register which direct sets the INTR flip-flop. 

6.11 LOGIC DIAGRAM CSRB 
This diagram contains the logic associated with some of the 
error conditions and status indicators. 

6.11.1 CS2 Clocking Signals 
The program loads data into the CS2 register by the CLK 
CS2 HI Hand CLK CS2 LO H signals. CLK CS2 HI H 
causes the program to load data into the high byte of the 
CS2 register, and CLK CS2 LO H causes the program to 
load data into the low byte of the register. REG STR Hand 
CS2 IN H are enable signals to AND gates E27, pin 6 and 
E27, pin 12. Signal CLK CS 2 HI H is qualified by the HI 
BYTE II signal, and CLK CS2 LO H is qualified by the LO 
BYTE H signal. 

6-17 

6.11.2 Program Clear Bit 
The program clear bit (PG CLR L) is set when the program 
loads a 1 in bit 5 of the CS2 register and CLK CS2 LO H is 
asserted, indicating that the program is loading the low byte 
of the CS2 register. PG CLR L is an input which generates 
the CLR portion (see sheet BCTD) of the CLR + GO CLR 
L signal and also generates MB INIT (see BCTJ). The CLR 
signal initializes the RHll and MB INIT initializes the 
drive. 

6.11.3 Bus Address Increment Inhibit 
The Bus Address Increment Inhibit (BAI) flip-flop, when 
set, prevents the Bus Address register on the BCT module 
from incrementing when doing NPR cycles. Consequently, 
all memory references are made to or from the same 
memory location. The BAI bit can only be changed if the 



RHII is in the Ready state. The CLK CS2 LO Hand RDY 
Hare ANDed to clock the BAI flip-flop which represents 
hit 3 of the CS2 register. 

6.11.4 Unit Select Number 
The unit numbers are unit 0 through 2 of the CS2 register 
and are designated UOO through V02 H. These three bits are 
loaded by the program and used on the Massbus to select 
one of eight drives, and are generated by data bits D02 IN 
H through DOD IN H which are applied to three of four 
flip-flops contained on IC E21. 

6.11.5 Parity Test Mode 
A parity test mode is provided for maintenance purposes. 
This is implemented as PAT (bit 4 of the CS2 REG) and 
may be set or cleared by the program. When set, the parity 
logic associated with the Massbus in the RB11 is switched 
from odd parity to even parity generation. 

6.11.6 Function Load 
The use of the Function Load flip-flop is described on logic 
diagram CSRA. The flip-flop is set when a data transfer 
command (Read, Write or Write-check) is being loaded in 
the CSI register. The C-input to the flip-flop i;'clocked by 
GO CLR L which is asserted when a data transfer command 
is specified, the clocking signal for the CS1 is asserted, and 
the GO bit is set. The flip-flop remains set until the bus 
cycle being used to load that command is completed. At 
this time, the master drops MSYN and the DEV SEL L 
signal goes lU1asserted to clear the Function Load flip~flop. 
The Function Load Signal is used to delay the Write signal 
from being asserted until the function has been loaded in 
the drive (see sheet CSRA), and is also used to clear the 
RUN flip-flop when a function command is being loaded 
into a non-existent drive (see sheet CSRA). 

6.11.7 Non-Existent Drive 
The Non-Existent Drive (NED) error is generated at the 
output of a latch circuit consisting of gates E9, pin 8 and 
E9, pin 11. Signal NED H is asserted when SET NED L is 
asserted, and SET NED L is asserted 1.5 J.LS after DEMAND 
is asserted on the Massbus and no transfer response 
occurred. Thus, if no response was received from a drive 
1.5 J.LS after the assertion of DEMAND and the register 
being addressed was not the Attention Summary register, 
then a non-existent drive has been addressed. Signal NED 
H is cleared by CLR ERR L. This CLR ERR L signal clears 
all the error conditions, and is generated by CLR + GO 
CLR L. Signal CLR occurs as a result of power fail, Unibus 
initialize, or program clear. Signal GO CLR L is asserted by 
setting the GO bit during a data transfer command. 
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The errors are also cleared by loading a 1 in the TRE bi 
position in bit 14 of the CSl register. This is accomplishec 
by NAND gate E2, pin 3 in zone B-7. Consequently 
loading a 1 in the TRE bit position clears out any error il 
the RBl1. This is done so the error conditions in the RHl 
can be cleared without having to clear the error condition 
in the drive. 

6.11.8 Transfer Error 
The TRE (transfer error) flip-flop (zone B-6) is a summa 
tion of all the error conditions in the controller and th 
drive. These include Data Late Error (DLT)~ Massbus Dat 
Parity Error (SYNC PE), Exception (summation of all erro 
conditions in the ER register), Write~Check Error (WeE] 
Unibus Parity Error (UPE) , Non-Existent Drive (NED) 
Non-Existent Memory (NEM), Program Error (PGE)~ ani 

Missed Transfer Error (MXF). Anyone of these condition 
enables gate E22, pin 8 and clocks the TRE tlip~tlop se1 
TRE is bit 14 of the CSl register. TRE (0) H is ORed witl 
A TIN and CNTL PE (MCPE) to create SC H, which is bi 
15 of the CS 1 register. Bits 14 and 15 are coded to inforn 
the programmer of the type of error and where it occurred 
Whenever the SC bit is set, this indicates that an error ha 
occurred from some drive doing a data transfer comman~ 
or that a drive has finished some movement command sud 
as a Seek. By then examining the TRE bit, the programme 
can determine additional information. If TRE is set, thi 
indicates that a data transfer error has occurred. If TRE i 
not set, this indicates that: 

1. an error has occurred in some drive not doing: 
data transfer command, 

2. the drive has completed some operation whic1 
is not a data transfer command, or 

3. a Massbus Control Parity Error was detecte( 
when the program read information from : 
drive register. 

The programmer can then ascertain which drive has cause 
the SC H Signal by referring to the Attention Summar 
register which shows the ATTN condition of each drive c 
if MCPE occurred (bit 13 of CSl). ATTN is raised by 
drive when an error occurs or when it has finished som 
operation other than a data transfer command. Completio 
of data transfer commands are indicated to the programme 
by the condition of the RDY bit. 



6.11.9 Program Error Flip-Flop 
The Program Error (PGE) flip-flop in zone C-5 is set when 
the programmer tries to load a data transfer command 
while the RH 11 is in process of doing a data transfer. Signal 
GO H is asserted indicating that a data transfer command is 
being loaded; if the RH 11 is busy, RDY H is low which 
causes the PGE flip-flop to set creating PGE (1) H. This 
signal is applied to NAND gate E6, pin 6 and generates a 
STOP DEM L signal which is applied to the BCT module 
and prevents the DEMAND signal from going out on the 
Massbus and actually loading the data transfer command 
into a drive. The PGE (1) H signal also creates the TRE 
condition (zone B-6). The PGE flip-flop is direct cleared by 
CLR L or CLR TRE L. 

6.11.10 End of Sector (EOS) Flip-Flop 
An EBL pulse occurs at the end of every record and 
indicates that the operation is to be terminated. 

The RHll must monitor the RUN line in order to know 
when the drive has reached the end of the record. 
Otherwise, the RHl1 might return to the Ready state 
before the drive has completed the operation. The EOS 
flip-flop in the RHII monitors the RUN line at the trailing 
edge of EBL. Signal EOS (0) H prevents the BUSY flip-flop 
(sheet CSRA) from clearing. At the trailing edge of EBL, 
the EOS flip-flop is set, thus allowing the BUSY flip-flop to 
clear and pennitting the RHll to return to the Ready state 
as long as the last word on the Unibus has been transferred 
(DONE is asserted). Remember that the Unibus transfer as 
well as the Massbus transfer must be complete to return the 
RHll to the Ready state. 

6.11.11 Unibus Parity Error (UPE) Flip-Flop 
The Unibus Parity Error (UPE) flip-flop is direct set by a 
parity error on the Unibus as defined by the states of the 
P A (D 16) and PB (D 1 7) bits (see sheet D BCH). The UPE 
flip-flop can be set by the programmer by writing a 1 in bit 
poSition 13 of the CS2 and clocking the UPE flip-flop with 
CLK CS2 HI H which clocks the high byte of the CS2 
register. Signal UPE (1) H causes TRE and the programmer 
can ensure proper operation of the UPE flip-flop by writing 
a 1 in .bit 13 and checking to see if TRE occurs. 

6.12 LOGIC DIAGRAM DBCA 
This diagram contains the logic necessary to transfer data 
between the RHl1 and memory over the PDP-II Unibus. 
When the RHl1 asserts a DATA REQ, the following events 
occur: 
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1. The RHll asserts an NPR request (see sheet 
BCTH). 

2. The processor arbitrates the NPR requests and 
issues NPG to the RHl1. This indicates that the 
RHll is the next device to become bus master. 

3. The RHll acknowledges receipt of the grant by 
issuing SACK (selection acknowledge), which 
drops the NPG signal. 

4. The RHll waits for BBSY and SSYN to clear, 
indicating that the device currently using the 
Unibus has finished its cycle. 

5. When BBSY and SSYN clear, the RHll asserts 
BBSY and NPC MASTER. 

6. The RHll places address and control informa­
tion on the Unibus (and data if a Read 
command is specified). 

7. After 200 ns, the RHll issues MSYN since it is 
now bus master. 

8. If a Read command is specified, the slave device 
returns SSYN upon receipt of the data. If a 
Write or Write-check command is specified, the 
data from the slave is deskewed 125 ns after 
SSYN is returned before it is used in the RHl1. 

9. MSYN is cleared which, in turn, causes the slave 
device to clear SSYN. If a single NPR cycle is 
being performed, BBSY is cleared 100 ns after 
MSYN is cleared. If a back-to-back NPR cycle is 
being performed, BBSY is cleared 75 ns after 
MSYN clears on the second cycle. 

10. When BBSY is cleared, the NPR cycle is 
finished until a new DATA REQ is issued to 
initiate the next cycle. 

The logic to accomplish the above events is contained on 
sheets BCTH (previously described) and DBCA. The follow­
ing description covers sheet DBCA. 



6.12.) NPC MASTER Signal 
When NPC MASTER is asserted, ADDR TO BUS H is 
asserted. In addition, the NPC MASTER signal enables gates 
E84 and E96 (zone D-6). When a Read command is 
specified, these gates are qualified to -yield both polarities 
of the DATA TO BUS signal used to gate data onto the 
Unibus. The gates are connected in parallel to avoid the 
delay normally required in going through an inverter. 

6.12.2 ADDR TO BUS Signal 
The ADDR TO BUS signal, generated at the output of E89, 
pin 10, accomplishes the following functions: 

1. ADDR TO BUS triggers one-shot multivibrator 
E92 (zone C-5). In the first memory cycle, 
END CYCLE (1) H is unasserted, thus enabling 

. gate E89. The assertion of ADDR TO BUS 
triggers the one-shot (the function of the 
one-shot is described in subsequent paragraphs). 
At the end of the first memory cycle, END 
CYCLE (1) H is asserted disqualifying E89. 
When END CYCLE (1) H goes low, it produces 
a positive-going pulse at E89, pin 10 which 
triggers the one-shot for the second memory 
cycle. Consequently, the one-shot is triggered 
by NPC MASTER in the first memory cycle 
and by the assertion and subsequent unasser­
tion of END CYCLE (1) H in the second 
memory cycle. 

2. ADDR TO BUS H is the enable signal which 
gates the address onto the selected Unibus. The 
leading edge of END CYCLE (1) H causes the 
trailing edge of ADDR TO BUS H which 
increments the Bus Address register. During the 
width of the END CYCLE pulse, the address in 
the address register is stabilized. At the trailing 
edge of END CYCLE, one-shot E92 is again 
triggered. 

3. ADDR TO BUS is also applied to gate E89 and 
gate E90 (zone D-2). The other input to those 
gates is SEL BUSA, which selects the appropri­
ate Unibus. If SEL BUSA is asserted, Unibus A 
is selected; otherwise Unibus B is selected. E89 
and E90 enable the drivers shown in zone Cl 
and Dl to generate MSYN and CI signals for 
the appropriate Unibus (RUSA or BUSB). 
MSYN is asserted by ADDR TO BUS H when 
the MSYN flip-flop is set. The setting of this 
flip-flop is described in the paragraph entitled 

MSYN Deskew. Cl is asserted low by ADDR 
TO BUS H when a Read command is specified. 
This designates a DATO operation (data written 
into memory). If C 1 is unasserted (no Read 
command specified), a DATI operation is per­
formed. 

NOTE 
The CO control line specifies a DATOB or 
DA TIP operation. Since the RH 11 does 
neither operation, the CO line is not 
required and remains unasserted. 

6.12.3 MSYN DESKEW 
The ADDR TO BUS H signal triggers one-shot muitivibrator 
E92 as previously mentioned. This one-shot provides a 
200 ns deskew for MSYN to allow the address and control 
lines time to stabilize on the Unibus. 

NOTE 
Gate E90 (zone C-6) is used during a Read 
command to lock the Silo timing to the Unibus 
timing and ensures that data will be deskewed 
for the proper interval before MSYN is set on 
the second cycle of back-to-back NPR 
sequences. 

The positive-going trailing edge of the 200 ns pulse from 
pin 4 of E92 clocks DESK COMPL flip-flop E93 (zone 
C-4), indicating that the deskew is completed. This enables 
one input to gate E69 (zone C-3). The other inputs to this 
gate represent inhibit conditions to prevent MSYN flip-flop 
E93 (zone C-3) from setting. These inhibit conditions are 
described in the paragraph entitled MSYN Inhibit Condi­
tions. If none of the inhibit conditions are present, and the 
Silo and Unibus signals are in the proper state, MSYN is set, 
and is ANDed with the appropriate Unibus select signal 
(zone D-l) to generate BUSA MSYN Lor BUSB MSYN L. 

6.12.4 MSYN Inhibit Conditions 
In the second cycle of back-to-back NPRs or in BUS HOG 
mode (described in subsequent paragraphs), there are 
several conditions used to inhibit MSYN. These conditions 
are ORed in gate E69 (zone C-3). The purpose of these 
inhibits is to lock the data transfer rate to the Silo data 
rate. The inhibit conditions are listed below: 
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1. The RBI1 cannot assert MSYN for the current 
cycle until NPC SSYN from the previous cycle 
has been cleared. 



2. In a write function, the RH 11 does not assert 
MSYN until it is certain that IBUF is empty 
and available to receive the data from the 
Unibus. If IBUF is full, E69 gate is disabled and 
inhibits MSYN until IBUF is cleared. 

3. In a write-check function, the RHl1 does not 
fetch a word from memory until it is sure that 
the word from the drive is in OBUF. When 
OBUF is not full, OBUF FULL (0) H is asserted 
which disqualifies gate E69 and prevents MSYN 
from setting until OBUF is full. 

4. The fourth inhibit condition occurs during a 
Read command when the RHll is doing the 
second NPR cycle of back-to-back NPRs or is in 
BUS HOG mode. In this instance, the RBll 
does not initiate MSYN deskew until it is 
assured that a data word is available in OBUF. 
At this time, then, the data and address can be 
deskewed from MSYN to allow time for the 
data and address to stabilize on the Unibus. 
This inhibit condition is implemented in AND 
gate E90 (zone C-6). If OBUF is full, OBUF 
FULL (0) H goes low and allows 200 ns 
one-shot E92 to be triggered. If OBUF is not 
full, this gate inhibits the one-shot from firing. 

6.1 2.s MSYN Timeout 
The MSYN (1) H Signal is applied to NEM flip-flop E85 
(zone B-6) and to 10 J.lS one-shot multivibrator E83 (zone 
8-6). The 10 J.ls one-shot measures the time it takes for 
SSYN to respond. If SSYN does not respond within 10 p.s, 
the positive-going trailing edge at pin 4 of E83 clocks the 
NEM flip-flop set, denoting a non-existent memory. This 
sets bit 11 in the CS2 register to flag the programmer and 
also raises the TRE bit in the CSI register. If SSYN does 
respond within 10 J.lS after MSYN is issued, it direct clears 
the 10 J.lS one-shot and the NEM flip-flop via gate E80, pin 
3. The CLR ERR signal is used by the programmer to clear 
the NEM flip-flop after it has been set by the timeout 
circuitry. 

6.12.6 DATA WAIT and MSYN WAIT One-Shot 
Multivibrators 
The DATA WAIT one-shot is shown in zone B-5, and the 
MSYN WAIT one-shot is shown in zone B-3. The DATA 
WAIT one-shot is used during a Write or Write-Check 
command (READ L unasserted) and provides a 125 ns 
pulse to deskew the data from SSYN. Of the 125ns, 75 ns 

are in accordance with Unibus specifications and 50 ns is 
the propagation time for the data to be supplied to IBUF 
from the Unibus in a write cycle. In a write-check cycle, it 
provides the propagation time for this data to be compared 
with the device data in 0 BUF. The D AT A WAIT one -shot 
is triggered by NPC SSYN, or in its absence, a non-existent 
memory error when the RH 11 is bus master (NPC 
MASTER H asserted), MSYN has been issued, and a write 
or write-check operation has been designated. The 
negative-going trailing edge of the DATA WAIT one-shot 
triggers the MSYN WAIT one-shot which initiates a 75 ns 
pulse. At the end of 75 ns, the positive-going output from 
E95, pin 4 triggers 200 ns END CYCLE one-shot (zone 
B-2). END CYCLE (1) H inhibits the ADDR TO BUS Signal 
and retriggers the NPR control logic if a second cycle is to 
be performed or clears BBSY if it is the last cycle of the 
NPR sequence. During the 75 ns interval between the firing 
of MSYN WAIT and the firing of the END CYCLE 
one-shot, the RHll has cleared MSYN and must hold the 
address and BBSY asserted. 

The MSYN WAIT one-shot accomplishes the following 
functions: 
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1. Clears the MSYN flip-flop via OR gate E80 
(zone C-3). 

2. Is fed to CYCLE COUNT flip-flop E85 (zone 
B-3) and NEXT CYCLE flip-flop E36 (zone 
B-2). The CYCLE COUNT flip-flop determines 
whether the cycle is the first or second cycle of 
back-to-back NPRs. The NEXT CYCLE flip­
flop determines whether a second memory 
cycle is to be performed in the NPR sequence. 

3. Generates DATA STR H which is used to clock 
data into IBUF or to change data in OBUF. 

If a Read command is specified (writing a data word into 
memory), the data does not have to be deskewed when 
NPC SSYN is received. However, MSYN must be cleared. 
Prior to the receipt of NPC SSYN, all inputs to NAND gate 
E94 (zone B-4) are high, forcing the output low. Upon 
receipt of NPC SSYN, pin 9 of E94 is driven low, forcing 
the output high. The positive-going output triggers the 
MSYN WAIT one-shot which clears MSYN. Consequently, 
in the case of a Write or Write-check command, both the 
DATA WAIT and MSYN WAIT one-shots are fired. In the 
case of a Read command, the data does not need to be 
deskewed and the DATA WAIT one-shot is bypassed. 



6.12.7 CYCLE COUNT and NEXT CYCLE Flip-Flops 
The CYCLE COUNT flip-flop is shown in zone B4 and 
determines whether the RHII is doing the first or second 
cycle of back-to-back NPRs. Initially, NPC MASTER H is 
not asserted which causes CYCLE COUNT to direct set. 
Near the end of the first cycle, MSYN WAIT is triggered 
which toggles CYCLE COUNT. The low (0) output of the 
flip-flop is fed through gates E98 and E97. As a result of 
the double inversion, the D-input is low which causes the 
flip-flop to reset. Assume that the RHll is not in BUS 
HOG mode (pin 10 of E98 asserted high), there is no TRE 
error (pin 5 of E97 asserted high), and word count 
overflow, exception stop, or non-existent memory is not 
holding the flip-flop direct set. The RHII monitors the 
flip-flop at END CYCLE time. Since CYCLE COUNT is 
reset, it indicates the first NPR cycle is being performed. 
The second MSYN WAIT signal toggles the CYCLE COUNT 
flip-flop again. Since the flip-flop was reset, the high output 
from pin 6 is reflected as a high level at the D-input. This 
action causes the flip-flop to set, indicating the second NPR 
cycle is being performed. 

Whenever the CYCLE COUNT flip-flop is set, gates E71 
(zone A-I) and E97 (zone B-2) are enabled. At END 
CYCLE time, therefore, gate E96 (zone B-1) is enabled to 
assert CLR BBSY L. This indicates that the RHll has 
completed the second cycle of back-to-back NPRs or 
desires to tenninate after the first cycle. 

If the RHI I is in BUS HOG mode or if a TRE (Transfer 
Error) occurs, the CYCLE COUNT is prevented from 
toggling because a high level is presented at the data input. 

The NEXT CYCLE flip-flop determines whether a second 
memory cycle is to be performed in the NPR sequence. If 
the NEXT CYCLE signa] is asserted, a second cycle is 
desired, and the reset output of the NEXT CYCLE flip-flop 
goes low which inhibits the clearing of BBSY. The NEXT 
signal indicates the availability of a data word in the Silo 
indicated by Input Ready or Output Ready (depending on 
the function performed). If the NEXT Signal is not asserted, 
indicating a second cycle is not desired, the reset output of 
NEXT CYCLE goes high enabling gates E97 and E96 (zone 
B-2). At END CYCLE time, E96 is qualified and BBSY is 
cleared terminating the transfer. 

6.12.8 ERROR Conditions 
The error conditions in the RHII can also cause a cycle to 

. terminate. The UPE (Unibus Parity Error) and WCE 
(Write-Check Error), if asserted at END CYCLE time, cause 
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BBSY to clear. NEM (Non-Existent Memory), if assert 
keeps the CYCLE COUNT flip-flop direct set so 
flip-flop cannot toggle. A TRE error, if asserted, keeps 
data input high to prevent the CYCLE COUNT tlip-f 
from toggling. 

6.12.9 I-Cycle Jumper 
If the RHll is to do single NPR cycles, a jumper designal 
"1 CYCLE" and located in zone B-5 is inserted. This pIa 
a steady high level at the data input to the CYCLE COUl 
flip-flop. causing single memory cycle NPR sequences 
always be performed. 

The SACK ENB H Signal is always asserted at the output 
gate E96, pin 8. This signal allows the SACK flip-flop to 

cleared when the RHll becomes bus master and alto 
NPR arbitration to occur on the Unibus. 

6.12.10 BUS HOG Mode 
In BUS HOG mode, the RBIl desires to hold onto tJ 
Unibus to transfer the total number of words indicated 
the word counter. This feature is only employed on Unib: 
B if this bus is dedicated and no other devices a 
connected to it. Its purpose is to reduct the NPR latem 
time of the Unibus. The RHll enters BUS HOG mode t 
doing the first NPR cycle and holding the Unibus b 
asserting BBSY until the required number of words ha, 
been transferred or an error condition occurs. 

The MSYN inhibit conditions (Paragraph 5.l2.4) locks th 
Unibus cycle timing with the Silo buffer word rate. 

To implement BUS HOG mode, the jumper in zone 0-2 i 
cut which enables gate E98. If Unibus B is selected, the gat 
is qualified, and BUS HOG L is asserted. This signal force 
the NEXT CYCLE flip-flop set, indicating another cycle i 
to be performed. With this flip-flop set, CLR BBSY L j 

inhibited (except if a UPE or WCE error is raised at ENI 
CYCLE time). In addition, BUS HOG L is applied to gatl 
E98, causing a low input to be applied to the O-input of th~ 
CYCLE COUNT flip-flop. This overrides the toggling actior 
from pin 6 of the CYCLE COUNT flip-flop and prevent: 
the flip-flop from counting cycles. However, it still allow! 
errors (TRE) or word count overflow to terminate th€ 
cycle. 

NOTE 
The "1 CYCLE" jumper must not be inserted 
and BUSB must be selected to implement the 
BUS HOG mode of operation. 



6.13 lOGIC DIAGRAM DBCB 
This diagram contains the logic used to transfer data into 
IBUF and from IBUF into the Silo (Silo input logic). Also, 
the diagram contains the logic used to clock data out of the 
Silo and into OBUF (Silo output logic). 

6.13. t Silo Input logic 
Data is supplied to IBUF as a result of one of the following 
conditions: 

a. During a Write command - In this case, WRITE 
Hand MSYN WAIT (1) H are asserted which 
qualifies gate E72, and causes the output of 
E72, pin 11 to go high for 75 ns. The effect of 
this is described in subsequent paragraphs. 
Signal MSYN WAIT ( 1 ) H is a 75 ns pulse 
which occurs during every Unibus cycle. The 
positive-going leading edge of this pulse is used 
to clock data off the Unibus during a Write 
(WRITE H) command. The da ta is transferred 
to IBUF, bubbled through the Silo into OBUF, 
and is written on the drive. 

b. During a read or write-check operation - In a 
read operation, the synchronous data from the 
Massbus is clocked into IBUF, bubbled through 
the Silo into OBUF, and then to the Unibus. In 
a write-check operation, the synchronous 
Massbus data is clocked into IBUF, bubbled 
through the Silo into OBUF, and then to a 
series of Exclusive-OR gates where it is com­
pared to the corresponding memory iocation 
from which it was written. The READ + WR 
CHK H signal is asserted during a read or 
write-check operation and is ANDed with 
1 50 ns pulse in gate E77 to initiate this action. 
The 150 ns pulse is p~oduced by one-shot 
multivibrator E58 which is triggered by the 
positive-going trailing edge of DRIVE CLK H 
signal (zone 0-7). Also, when an exception 
condition is detected (error condition in the 
device), a special stop word is inserted into the 
Silo to allow all previous data words in the 
buffer to be transferred before signaling the 
RDY state. The positive-going trailing edge of 
EXCP L, which is an exception condition at 
EBL time, will fire the 150 ns one-shot. Either 
of these two conditions mentioned above will 
cause E72, pin 11 to go high for 150 ns. 

c. When the program is loading data in the 
Silo - This function is used during maintenance 
and allows the data buffer to be read from or 
written into by the program. To accomplish 
this, REG STR H and DB IN H are both 
asserted. When this occurs, both inputs to the 
lower AND gate of E77 are high which cause 
the output of gate E72, pin 1] to go high for 
125 ns. The REG STR Signal allows the RHll 
or one of the device registers to be written into. 
In this case, the register specified is the data 
buffer as designated by the DB IN H signal. 

Consequently, the three situations described 
above cause the output of E72, pin 11 to go 
high for 75 to 150 ns, depending on the 
condition causing the output. This pulse is 
designated ClK IBUF H and clocks the data 
from the data lines into IBUF. IBUF is shown 
on logic diagrams DBCC and DBCD. The 
output of E72, pin 11 also direct sets the IBUF 
FULL flip-flop via inverter E82, pin 10. 

When the trailing edge from E82, pin 10 goes 
positive (75 to 150 ns after the negative-going 
leading edge), the BUBBLE IN flip-flop is set. 

The width of the pulse at the output of E72 is 
sufficient to guarantee that the data is clocked 
into IBUF and has adequate time to be clocked 
into the Silo. In other words, the pulse width 
ensures that the data has time to be propagated 
through IBUF. 

When the BUBBLE IN flip-flop sets and the Input Ready 
signals (IRS through IRl) are asserted, a SHIFT IN H signal 
is generated which allows the data to be shifted into the 
Silo (see gate E78, pin 4). Signals IRS through IRI 
originate from the five parallel ICs which comprise the 
IS-bit data word. When IRS through IRI is asserted, it 
means that the Silo is ready to accept data from IBUF. The 
Input Ready signals are guaranteed to have a certain width 
to comply with the specification of the Silo. 

When the Input Ready signals are no longer asserted, the 
output of E62, pin S goes high and clocks the IBUF FULL 
flip-flop clear since the data has been accepted by the Silo. 
The output of IBUF FULL, in turn, clears the BUBBLE IN 
flip-flop. The Input Ready signals, when not asserted, 
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indicate that the data need not be stored any longer in 
IBUF and sufficient time has ensued to strobe the data into 
the Silo. After the data has bubbled out of the first cell in 
the Silo, the Input Ready signals once again are asserted. 
Consequently, these signals are asserted when an empty 
data cell exists at the bottom of the Silo buffer. This timing 
sequence of INPUT RDY and the movement of data in the 
Silo is all accomplished in the 3341 Silo IC. 

NOTE 
The time required for a data word to propagate 
from the bottom cell to the top cell in the Silo 
is specified from 0 to 32 IlS. For an empty Silo, 
the typical time is 16 IlS but may vary between 
Silos due to internal characteristics. 

DLTIN 
When inputting data to the Silo, a DLT (data late) error can 
be raised in one of the following two instances: 

a. If a word is stored in IBUF [IBUF FULL (1) 
H] and a second word is to be loaded from the 
Massbus into IBUF during a Read or Write­
check command, the DLT IN flip-flop is set. 
The READ + WR CHK Signal is ANDed with a 
150 ns pulse derived from DRIVE CLK (or 
EXCP for the stop word case) and is applied to 
the clock input of DLT IN. The data input 
monitors the IBUF FULL flip-flop and, if IBUF 
is full, DLT IN is set. The 0 output of DLT IN 
causes DLT to be created at the output of E72, 
pin 8. This condition would occur if the Unibus 
latency time is increased to the point where the 
Unibus cannot accept data from the Silo at a 
fast enough rate. 

h. A maintenance feature is provided in the DLT 
logic. The program can load 66 words in the DB 
register, thus filling IBUF, the Silo, and OBUF. 
The next word that is loaded in IBUF simulates 
a DLT error which is posted in bit 15 of CS2. 
This condition is implemented by DB IN Hand 
REG STR H signals being asserted which cause 
the DLT IN flip-flop to be clocked to a 1 when 
IBUF FULL is asserted. As a result, a DLT 
error at E72, pin 8 is raised. 

A third condition causes the DLT IN flip-flop 
to set when performing any of the data transfer 
commands over BUSB. If NPR transfers are 
being done on Unibus B and the processor 

issues~n initialize pulse or a power fail occurs 
on Unibus B, a CLRB H Signal is asserted and is 
applied to gate E79. The other two inputs to 
NAND gate E79 are SEL BUS A L (which 
indicates BUS B is selected when unasserted) 
and RDY L (which indicates that the RH 11 is 
busy when unasserted). If all three inputs are 
asserted, the DLT IN flip-flop is set, causing a 
DLT error to be asserted. 

The DLT error, in this case, does not mean that 
IBUF is full and cannot accept another word 
but does mean that additional transfers cannot 
be done due to the power fail or initialize 
condition. 

6.13.2 Silo Output Logic 
The Silo output logic clocks data words out of the Silo and 
loads them in OBUF, where they can be transferred to the 
Unibus (Read command), to the drive (Write command), or 
to the Exclusive-OR gates in the controller (Write-check). 

The output ready signals from each of the five parallel Silo 
chips are asserted when a data word bubbles to the top cell 
in the Silo. The output of gate E59, pin 8 is driven low 
when the output ready signals are asserted. This action 
causes ORDY H to be asserted at the output of inverter 
E61, pin 8, indicating a word has bubbled to the top of the 
Silo. In addition, a SHIFT OUT H signal is asserted 
proVided BUBBLE OUT flip-flop is set. When OBUF is 
empty, the OBUF FULL flip-flop is cleared which sets the 
BUBBLE OUT flip-flop which, in turn, qualifies gate E78, 
pin 1 to enable SHIFT OUT H to be developed. The SHIFT 
OUT H signal is applied to the Silo and causes the word in 
the top cell to be transferred out of the Silo. In addition, 
the SHIFT OUT Signal fires one-shot multivibrator E58, pin 
4 which creates a 45 ns negative-going pulse used to deskew 
the data at the output of the Silo before it is loaded into 
OBUF. The positive-going trailing edge of the SHIFT OUT 
signal fires one-shot multivibrator E70. The negative-going 
edge from E70, pin 4 creates a second 45 ns pulse which is 
used to generate CLK OBUF H. CLK OBUF H loads the 
data word from the Silo into OBUF. The positive-going 
pulse from the 1 side of E70 generates SET OFULL L if 
EXC STOP has not been asserted. The SET OFULL L Signal 
direct sets the OBUF FULL flip-flop, indicating that OBUF 
is presently storing a valid data word. 
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NOTE 
If OBUF is full, the OBUF FULL flip-flop is set 
and the BUBBLE OUT flip-flop is cleared. This 
condition inhibits the SHIFT OUT signal from 
clocking the top cell in the Silo. 



When the Output Ready signal becomes unasserted due to 
one of the five parallel Silo chips responding to the SHIFT 
OUT signal, gate E59, pin 8 is driven high. As a result, the 
SHIFT OUT signal is terminated and the BUBBLE OUT 
signal is cleared because OBUF FULL has been set and has 
removed the direct set on the BUBBLE 'OUT flip-flop. The 
purpose of the BUBBLE OUT flip-flop is to enable the 
completion of the SHIFT OUT signal after data has been 
clocked into OBUF and OBUF FULL has been set. When 
the next word bubbles to the top of the Silo, the word will 
not be clocked into OBUF since the BUBBLE OUT 
flip-flop is clear which inhibits the SHIFT OUT signal from 
shifting the word out of the Silo .. 

Consequently, the OBUF FULL flip-flop must be cleared in 
order that the BUBBLE OUT flip-flop becomes set and 
allows SHIFT OUT pulses. When this occurs, the data in 
OBUF is automatically written over by the next data word 
bubbling out of the top of the Silo. The OBUF FULL 
flip-flop can be cleared under the following conditions: 

a. When the program is reading the Data Buffer 
register. After the program reads the data 
buffer, the next data word is allowed to 
sequence to the top. This logic is shown in 
NAND gate E75, pin 6. The DB OUT H signal 
occurs when the data buffer is read, and the DB 
OCLK H signal occurs when the RB 11 asserts 
SSYN for that register operation. When the 
master device removes MSYN and the RBI1 is 
deselected, the DB OCLK signal is unasserted, 
causing a positive-going edge at the clock input 
to OBUF FULL. This indicates that the RBl1 
does not have to store the data any longer and 
OBUF FULL is clear. 

b. When the RBII is doing a write operation 
(memory-to-drive transfer). This condition is 
implemented by the WRITE H and DRIVE 
CLK H signals at the input to NAND gate E75, 
pin 3. Signal WRITE H denotes a write opera­
tion. Upon the assertion of DRIVE CLK H, 
NAND gate E74, pin 3 goes low and the drive 
clocks the data off the Massbus. 

On the trailing edge of DRIVE CLK, E75, pin 3 
goes high to clock the OBUF FULL flip-flop 
clear, and allows the RHII to change the data 
on the Massbus. 

c. When the RHII is doing a read (drive-to­
memory transfer) or write-check operation 
where the output of OBUF is applied to the 

Exclusive-OR gates in the controller. In this 
instance, READ + WR CHK Hand DATA 
STROBE are applied to gate E76. Signal READ 
+ WR CHK H, when asserted, denotes a read or 
write-check operation; signal DATA STROBE 
H, when asserted, drives the output of E76, pin 
6 low. When DATA STROBE H goes unasser­
ted, E76, pin 6 is driven high, clocking the 
OBUF FULL flip-flop clear and allowing the 
RHl1 to change the data on the Unibus. If 
WCE (Write-Check Error) is detected, the data 
word in OBUF is frozen by forcing gate E76, 
pin 6 low which keeps the clock input to OBUF 
FULL low. . 

DLT OUT Flip-Flop 
DLT OUT flip-flop E73 is shown in zone D-2. This flip-flop 
is clocked by OUT CLK L which goes positive on the 
trailing edge of DRIVE CLK during a write operation (see 
gate E75, pin 3 in zone B-6). On the trailing edge of DRIVE 
CLK (SYNC eLK from the drive), the RBIl monitors the 
top cell in the Silo to determine if a word is there to output 
to OBUF. If a word is present, it is indicated on the trailing 
edge of DRIVE CLK by ORDY H being asserted, which 
inhibits DLT from being generated via gate E7I. If ORDY 
is not asserted, indicating the absence of a word available 
for OBUF, and it is not the last word (LWRD asserted), the 
DLT OUT flip-flop is clocked to the Set state, thus enabling 
gate E72, pin 8 to post a DLT error. 

The DLT OUT flip-flop can be direct set if DB OC'LK H, 
DB OUT H, and OBUF FULL (0) H are asserted. Signal DB 
OCLK H is asserted at the time of MSYN; DB OlIT H 
denotes a register select function is specified; and OBUF 
FULL (0) H indicates OBUF is empty. The setting of DLT 
OUT, in this manner, occurs when the program tries to read 
the Data Buffer register without a word available in it 
(OBUF). It allows the program to simulate the clocking of 
non-existent words out of OBUF in order to post DLT 
errors. This feature is used as a maintenance aid. 

Generation of DRIVE eLK H 
The DRIVE CLK H signal is asserted when the drive is 
ready to send or receive data. At that time the drive issues 
SYNC CLK H, which is DRIVE CLK H if no error 
conditions are present (indicated by INH CLK L) and if the 
desired number of words have not been transferred as 
indicated by DRWC OFLO (0). As previously described, 
SYNC CLK signals originate at the drive. On the leading 
edge of SYNC CLK, the drive either accepts the data 
(Write) or prepares it for transfer to the RHII Controller 
(Read or Write-Check). 
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On the trailing edge of SYNC ClK, the controller accepts 
the data (Read or Write-Check) or prepares the next word 
(Write). If word count overflow has not occurred (indica­
ting more words are to be transferred) and if no error 
conditions are present, the SYNC ClK signal becomes 
DRIVE ClK in the RH 11. This is accomplished through 
gate E68 in zone C-7. 

6.13.3 Error Flip-Flop 
If an error condition occurs in the controller or the drive, a 
TRE (Transfer Error) is posted. TRE (bit 14 of CSI) is 
applied to the data input of the ERROR flip-flop (zone 
B-7). TIle error condition sets the ERROR flip-flop when 
docked by SYNC ClK which then causes an INH eLK 
assertion to prevent further DRIVE CLK signals. The 
purpose of synchronizing the TRE with SYNC CLK is to 
preven t spurious spikes from occurring on DRIVE CLK 
during detection of an error. The ERROR flip-flop is 
cleared by SILO CLR l which is derived from CLR + GO 
CLR. 

6.13.4 Generation of INH ClK l 
INH CLK L is asserted as a result of a TRE or DLT error. 
TIh~se error conditions are ORed in gate E71. INH eLK L 
prevents DRIVE CLK H from occurring and thus prevents 
the RH I I from accepting any more data words from the 
device. 

6.13.5 SILO ClR Generation 
The SILO CLR l signal is generated by ClR + GO ClR 
which triggers 400 ns one-shot multivibrator E92. The 
400 ns provides the required pulse width to clear the Silo 
chip. TIle CLR signal occurs when the program sets the 
CLEAR bit (bit 5 in CS2) when a reset or Unibus initialize 
pulse is asserted, or when the power supply is failing which 
asserts the DC LO L signal on the Unibus. The GJ CLR 
signal is asserted when a data transfer command is loaded 
with the GO bit asserted. There are two instances in which 
the pulse used to generate CLR + GO CLR L is too narrow 
(less than 400 ns) to clear the Silo: I) when the program is 
loading the CLEAR bit and 2) when a data transfer 
command is loaded in CSI with the GO bit asserted. In 
these cases, the CLR + GO ClR is applied to the one-shot 
which widens the pulse to 400 ns. The other conditions 
used to generate CLR + GO CLR L (reset, Unibus initialize, 
and DC lO) are applied to gate E98 to ensure full width of 
the clear condition. Signal SILO ClR is used to initialize 
the Silo and Silo control signals. 

6.13.6 Write Clock 
1he WRITE elK H signal at the output of AND gate E90, 
pin 6 is the SYNC CLK signal from the drive which is 
ANDed with the WRITE H signal. Signal WRITE CLK H is 
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sent back to the drive over the Massbus and is used by the 
drive to clock data in to its buffer during a write operation. 
The purpose of WRITE ClK is to ensure the proper deskew 
of data on the Massbus during write operations. 

6.13.7 Gating Synchronous Data 
The GATE SYNCD signal at the output of gate E63, pin 11 
turns on the Massbus drivers, when asserted, and allows the 
data from OBUF to be gated on the Massbus synchronous 
data lines. This signal is asserted during a write operation if 
drive word count overflow has not occurred or an error 
condition has not been raised. If an error or dlive word 
count overflow occurs before the end of a re~ord. GATE 
CYNCD H goes unasserted which disables the data drivers. 
causing Os to be written in the remaining words in the 
record by presenting all Os on the synchronous Massbus 
data lines. 

6.13.8 Data Requests (Write Command) 
When requesting words from the Unibus during a write 
operation, the DATA REO L signal must be asserted. This 
signal is transferred to the BCT module to initiate an NPR 
request on the Unibus. Signal OAT A REO L is asserted 
when IBUF is empty, provided there is no word count 
overflow or no TRE. This is shown in AND gate E68 
(output pin 8) which feeds gate E67. The output of E82 is 
fed back to AND-OR gate E67 and serves to keep this 
circuit latched. The circuit will unlatch as a result of CLR 
BBSY L or ROY L. Signal CLR BBSY L occurs when the 
RHl1 gives up the Unibus. After the first DATA REQ, 
subsequent DATA REO signals are asserted by the SHIFT 
IN H signal fed to gate E67. TIle SHIFT IN signal 
anticipates the availability of IBUF to accept a data word 
from the Unibus. 

6.13.9 Data Requests (Read or Write-Check) 
The RH 11 requests the Unibus by the OAT A REO signal 
which is used to initiate the NPR logic on diagram BCTH. 
The DATA REO signal is asserted by the Silo output. logic 
when OBUF FULL is set (indicating a word has bubbled up 
the Silo and into OBUF), there is no TRE (Transfer Error). 
and a READ + WR CHI( command is specified. The logic is 
implemented in gate E68, pin 6. The output at pin 6 is 
applied to gate E67. The output of inverter E82, pin 6 
latches gate E67 until unlatched by CLR BBSY L. Signal 
CLR BBSY L is generated at the end of the cycle in a 
single-cycle NPR or at the end of the second cycle when 
doing back-to-back NPR cycles. 

6.13.10 NEXT SIGNAL (Write) 
The NEXT signal shown in zone C-I, when asserted. causes 
back-to-back NPR cycles to occur. The 0 AT A REO l 
signal is keyed when the IBUF is empty or SHIFT IN 



occurs. As soon as the RH 11 gains control of the Unibus, it· 
asserts BBSY. prepares to obtain the data word, and 
monitors Input Ready (lRDY). This is done at MSYN 
WAIT time. If IRDY is asserted, the NEXT signal is 
generated by AND-OR gate E76 (as a result of IRDY Hand 
WRITE H both being asserted). This means that the bottom 
cell of the Silo is empty, and the RH 11 will do a second 
NPR cycle before releasing the Unibus. If the NEXT signal 
is not asserted, it indicates that the bottom cell of the Silo 
is full. In this case, the single NPR cycle is completed, the 
bus is released. and the RH 11 waits for SHIFT IN to be 
asserted to repeat the cycle. 

6.13.11 NEXT SIGNAL (Read or Write-Check) 
In order for the RH II to initiate back-to-back NPR cycles, 
the NEXT L signal must be asserted. Signal NEXT L is 
asserted when OR5 through OR 1 are asserted (indicating a 
data word in the top cell of the Silo) and READ + WR CHK 
H is asserted. Consequently, the RHl1 monitors the leading 
edge of MSYN WAIT in the first memory cycle and 
determines whether there is a word in the top cell of the 
Silo (ORDY asserted). If there is, the NEXT CYCLE 
flip-flop is set on DBCA and back-to-back NPR cycles are 
done. If there is no word in the top cell of the Silo, NEXT 
L is unasserted to inhibit the next NPR cycle and CLR 
BBSY L is asserted which removes the latch keeping the 
DATA REQ Signal asserted. 

6.13.12 Word Count Increment (Write Command) 
111e INC WC gate below NEXT causes the word counter to 
be incremented if DESK MSYN is asserted. Consequently, 
each memory cycle causes the word counter to increment. 

6.13.13 Word Count Increment (Read or Write-Check) 
The INC WC L signal at the output of gate E77, pin 6 is 
asserted during a read or. write-check operation when the 
SHIFT OUT signal is generated. This indicates a word is in 
OBUF ready to transfer and the word counter is thus 
incremen ted. 

6.13.14 EXCEPTION ERROR (Write Command) 
The EXCP ERR L signal indicates that an exception 
condition in the drive (any error set in the ER register) can 
be recognized and may cause TRE to set to end the 
operation. When performing a Write command, EXCP 
SAVE (1) H immediately causes EXCP ERR L to be 
asserted. 

6.13.15 EXCEPTION ERROR (READ or WRITE­
CHECK) 
When performing a read or write-check operation and an 
exception condition is raised in the drive, it is desirable to 
finish transferring the data words which already exist in the 
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Silo before returning to the Ready state. This is aCCOlll­

plished by inserting a stop word in to the Silo upon 
detection of exception and waiting for the word to appear 
at the output of the Silo before raising the error condition 
as TRE and thus producing the return to RDY state. 

ll1e above operation is performed hy causing a 150 ns pulse 
to be generated by one-shot E58 in zone 07 when the 
positive-going trailing edge of EXCP L occurs, which at the 
same time sets the EXCP SAVE flip-flop located on 
drawing DBCD. The 150 ns pulse creates an input clock to 
the Silo as previously described. The EXCP SAVE condi­
tion is then inserted in the 20th bit position of the Silo and 
begins to bubble to the top as does a normal data word. 
When this stop word reaches the top cell of the Silo, the 
EXCP STOP signal is asserted, indicating the last word in 
the Silo is or has been transferred on the Unibus. TIle Silo 
control then attempts to transfer this stop word into 
OBUF. However, the EXCP STOP signal diverts the 45 ns 
pulse from one-shot E70, pin 13 to cause EXCP ERR Land 
prevents the SET OFULL signal from setting OBUF FULL 
(an indication that means a valid data word exists in 
OBUF). If, however, the WC OFLO (1) condition is 
asserted when EXCP SAVE has been set, the EXCP ERR 
signal is immediately asserted, causing TRE to set as the 
RHII returns to the Ready state. 

NOTE 
If another error occurs causing TRE to set, 
operations on the Unibus are halted and the 
RHtt will return to the Ready state with data 
words remaining in the Silo buffer. 

6.14 LOGIC DIAGRAM DBCC 
This diagram shows bits 11 through 0 of the DMX, IMX, 
IBUF, Silo and OBUF. For a Write command, the data is 
gated from the appropriate Unibus (DMX) to IMX, and 
then through IBUF, the Silo, and OBUF for transfer to the 
drive. For a Read command, the data from the drive is 
supplied to IMX from the Massbus and then to IBUF, the 
Silo, and OBUF for transfer onto the appropriate Unibus. 
For a Write-check command, the output of DMX (from the 
Unibus) is compared with the synchronous data at the 
output of OBUF (from the drive). 

When the RHII is bus master (NPC MASTER L asserted), 
the CSRA SEL BUSA signal is checked to determine which 
Unibus is selected. If CSRA SEL BUS A is asserted, Unibus 
A is selected; if the signal is not asserted, Unibus B is 
selected. If the RH 11 is not master (NPC MASTER L 
unasserted), the DMX is selected to BUSA. If the RH 11 is 
not performing a Read or Write-check command, IMX is 
selected to accept DMX rather than Massbus synchronous 



data. In this case, the DMX and IMX are set up to only 
accept da ta from Unibus A regardless of the setting of the 
PORT SEL bit. Consequently. when the program is loading 
data into the Data Buffer register, the data originates from 
Unibus A. The clocking logic for the IBUF. Silo, and OBUF 
is showl1 on sheet DBCB. 

6.15 LOGIC DIAGRAM DBCD 
This diagram shows bits 17 through 12 of the DMX, IMX, 
IBUF, Silo, and OBUF. The description of these bits is 
similar to that described on sheet DBee. 

In addition to selecting the 18 data bits from the Unibus or 
Massbus, the IMX incorporates a parity bit. During a Write 
command, the parity bit is forced to 0 through the Silo and 
into OBUF. "nlC parity bit generated by the drive during a 
Read or Write-check command is carried through the Silo, 
providing a parity check of the Silo logic as well as 
transmission over the Massbus. The parity logic associated 
with the Massbus is described in more detail on sheet 
PACA. 

-nle EXCP SAVE flip-tlop in zone A-S stores the fact that 
an exception condition was received from the drive and is 
used as an input to the 20th bit position of the Silo. This 
input provides the stop word described previously on 
DBC A (EXCP ERR) which will appear as EXCP STOP 
when all data words in the Silo have been transmitted. 

TIle top of sheet DBCD shows 18 Exclusive-OR gates used 
during a Write-check command. These gates compare the 
da ta in OBUF that was taken from the drive to the output 
of DMX which represents the corresponding memory word. 
TIle outputs of the Exclusive-OR gates are open-collector 
ORed such that if corresponding bits fail to compare, an 
error will be registered and is indicated by the setting of the 
WCE (Write-Check Error) flip-flop. This nip-flop checks the 
status of the open-collector Exclusive-OR gates at the time 
of the MSYN WAIT signal and is latched if an error is 
detected. The flip-flop remains in this state until the CLR 
ERR signal is asserted. 

6.16 LOGIC DIAGRAM DBCE 
TIlis diagram contains the drivers and receivers (8838 
transceivers) for the Unibus B data lines. The Unibus B 
drivers drive the data from OBUF onto the BUSB data 
lines. r n order to enable the drivers, the RH 1 ] must be bus 
master, Unibus B must be selected (SEL BUSA H not 
asserted), and a read function must be specified (DATA TO 
BUS L asserted). 
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1he Unibus B receivers receive the data from the Unibus 
(BUSB 000 L through BUSB 017 L) and supply them to 
the RH11 where the signals are designated UNIB 000 H 
through UNIB 017 H. 

Bits 16 and 17 of the Unihus B data which is normally the 
Unibus PA and PB lines are employed as data when the EN 
DATA BUSB L signal is asserted. This signal is asserted 
when Unibus B is selected (SEL I3USA H unasserted) and 
the 16 BIT BUSB jumper (W2) shown on sheet DBCH is 
cut. 

6.17 LOGIC DIAGRAM DBCF 
This logic diagram contains the drivers and rccciwrs (8838 
transceivers) for the Unibus A data lines. The pull-up 
resistors for the internal open-collector bus (BUSI) in the 
RH 11 are also shown. This internal open-collector bus is 
used when the program is reading infomlation from an 
RH 11 register (or a drive register via the Massbus control 
lines) and is actually the output of the 8234 open-collector 
multiplexers which route information to the Unibus. 

Data from BUSJ (BUSI 000 OUT L through BUSI 015 
OUT L) is supplied to the Unibus A drivers which drive 
these signals onto the Unibus where they are designated 
BUSA 000 L through BUSA 0 i 5 L. 

Data from OBUF is applied to the Unibus via 8881 hus 
drivers. The 8881 drivers are enabled if the RH 1 1 is bus 
master, if a read operation is specified (OAT A TO BUS H 
asserted), and if Unibus A is selected (SEL Bl1SA H 
asserted). 

Data from Unibus A (BUSA 000 L through BUS A D 17 L) 
is supplied to the RHII via the 8838 gates and is designated 
000 IN H through 017 IN H in the RH 11. 

Bits 16 and 17 of Unibus A data which is nonnally the 
Unibus PA and PB lines are employed as data when EN 
DATA BUSA L is asserted. This signal is asserted when 
Unibus A is selected (SEL BUS A H asserted) and the 16 
BIT BUSAjumper (WI) shown on sheet DBCH is cut. 

6.18 LOGIC DIAGRAM DBCH 
This diagram contains the parity jumpers for Unibus A and 
Unibus B multiplexer E21 to monitor parity, and four 8234 
multiplexers to multiplex the Massbus control lines with 
the data buffer output. 



6.18.1 Parity Jumpers 
The lower portion of the diagram shows a parity jumper 
(16 BIT BUSA) for Unibus A and a parity jumper (16 BIT 
BUSB) for Unibus B. The operation of each is similar, so 
only the Unibus B parity jumper will be described. If the 
jumper is left in, gate E27, pin 8 is inhibited from 
generating EN DATA BUSB L, indicating that the upper 
two bits (D 16 and D 17) are to be used as parity bits (P A 
and PB). In addition, AND gate E28, pin 6 is qualified by 
the jumper for the selected bus being inserted which causes 
EN PAR H (enable parity) to be generated. When the 16 Bit 
BUSB jumper is cut, one input to E27, pin 9 is enabled. If 
Unibus B is selected, the output goes low, creates EN 
DA T A BUSB L, and disables EN PAR which indicates that 
the upper two bits are used as data bits. The lower jumper 
and gate for Unibus A are the same except that the gate is 
qualified by selecting Unibus A and not Unibus B. 

6.18.2 74157 Parity Multiplexer 
Multiplexer E21 monitors the parity bits for Unibus A and 
Unibus B. The multiplexer is enabled by EN PAR H. A 
parity error is detected when parity bit PB is asserted and 
PA is unasserted. For example, if Unibus A is selected, D16 
IN H (PA) is unasserted and D 17 IN H (PB) is asserted, 
which causes pins 3 and 4 of gate E79 to be enabled. At 
DATA STR time, E79 is qualified generating SET UPE L 
(SET Unibus Parity Error). 

6.18.3 8234 Control Line/Data Buffer Multiplexing 
The 8234 multiplexers select the Massbus control Hnes or 
the outputs from OBUF for transfer to the RHil internal 
open-collector bus (BUSI). When the program reads a 
remote register, the 8234 open-collector multiplexers gate 
the Massbus control lines (COO IN H through CIS IN H) to 
the in ternal bus (BUSI). In this instance, the multiplexers 
are enabled by CNTL OUT L, which is the signal associated 
with reading a remote register. When the program is reading 
the data buffer for maintenance purposes, the data buffer 
outputs (OBUF 00 H through OBUF 15 H) are multiplexed 
onto the BUSI lines. The multiplexers are enabled by DB 
OUT L, in this case, which is the signal associated with 
reading the data buffer. 

6.19 LOGIC DIAGRAM DBCJ 
The logic diagram shows the START counter, two 8234 
open-collector multiplexers which select the low byte of 
the CS 1 or CS2 register onto BUSI, and a regulator circuit. 

6.19.1 Start Counter 
The Start Counter consists of two ICs (E64 and E65) 
connected in series. Each time a data transfer command is 
loaded in the RH 11, the CLR + GO CLR signal resets the 
counter to O. For a write operation, words are fetched from 

memory. Every word fetched is accompanied by DATA 
STR which clocks the counter and causes it to increment. A 
selectable count range may be selected to determine when 
the START signal is to be asserted which will cause the 
RUN assertion on the Massbus. This is done to prefill the 
Silo with data before requesting the drive to start to 

perform the write operation. A count of 64 is designated by 
the FULL jumper being connected. Other jumper configu­
rations may be inserted. For example, if the HALF jumper 
is inserted, the START H signal will be asserted at a count 
of 32. If the QTRjumper is connected, the START H signal 
will be asserted at a count of 16. Only one jumper may be 
inserted at any given time and, with no jumper inserted, 
START will always be asserted allowing RUN to be asserted 
when the first word reaches OBUF (see CSRA). If a write 
operation is designated, the START signal generates RUN 
when the Silo is filled to the selected value. 111is connects 
the RH 11 to the drive and signals the beginning of the da ta 
transfer on the synchronous Massbus. 

6.19.2 CSl/CS2 Gating Onto BUSI 
The two 8234 open-collector multiplexers select the low 
byte of the CSI or CS2 register and gate the contents onto 
the internal bus (BUSI). Inputs from the CS 1 register are 
gated onto BUSI when CSI OUT is asserted and the inputs 
from the CS2 register are gated onto BUSI when CS2 OUT 
is asserted. 

6.19.3 Voltage Regulator 
This diagram shows a regulator circuit which converts 
-15 V dc to -12 V dc for use on the Silo chips. The 2N5639 
FET is connected as a constant current generator to 
stabilize the bias current through Zener diode IN759A. The 
2N2409A transistor is used as the series pass element 
(regulator in series with the load current). 
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6.20 M7297 PARITY CONTROL MODULE (PACA) 
The M7297 Parity Control module contains the parity logic 
for parity generation and checking both the synchronous 
and the asynchronous sections of the Massbus. Each drive 
contains associated parity generation and checking logic. 
Sheet PACA shows the Massbus parity logic, consisting of 
74180 8-bit parity generator/checkers. The three 74180s on 
the left are used for parity on the synchronous Massbus and 
the remaining four 74180s are used for parity on the 
asynchronous Massbus. Parity on the Massbus is odd. 

6.20.1 Synchronous Massbus Parity 
The 74180 chips serve a dual function. During a write 
operation, the 74180 chips in the RH 11 generate parity 
while the associated parity logic in the drive check parity. 
Conversely, during a read or write-check operation, the 
parity logic in the drive generate parity while the 74180s in 



the RH J I check pari ty. This is possible wi th the same set of 
parity chips because in write, read or write-check opera­
nons the parity bit is rippled through the Silo along with 
the da ta word. This feature is useful because the parity bit 
also checks out the Silo logic as well as the Massbus. 

-nle 1 S data bits and the parity bit from OBUF are applied 
to the 3 741 SO chips. nlis can he considered as a 19-bit 
da ta word. Each 74180 also has an 000 and EVEN input 
and a ~EVEN and a rOOD output. The EVEN input is 
normally low and the anD input is normally high, selecting 
the 74180 for odd parity. The 19 data bits and the ODD 
input arc summed to yield an asserted :LEVEN or ~O[)D 
\lUtpU1. Fm example. if :llJ the data bits (18 data bits plus 
thl' parit\ bit) 3rt' asserted, the sum is odd. nlis is summed 
with the ODD input to yield an even number of Is. 
Consequently. the rEVEN output is asserted and the 
disconnected IODD output is unasserted. As another 
example. if the 18 data bits are summed to yield an even 
number of Is and the parity bit is unasserted, the result is 
even. This is summed with the 000 input to yield an odd 
number. In this case. the rEVEN output is unasserted. 

6 . .20.1 Read or Write-Check Parity 
'(lte that the rEVEl\ uutput is applied to the SYNC PE 
(Syndlwnous Parity Error) flip-flop and, if ~EVEN is 
l"'ierted. this disables thl' SYNC PE flip-flop from setting, 
lIldicaring that there is no parity error. The SYNC PE 
t1ip-no!, is used when checking parity during a read or 
VvTire-ciJcL'k operation. 111e flip-flop is docked during the 
trailing edge of OAT A STR .from the Unibus cycle if 
WRITE L is unasserted which occurs during a Read or 
Write-Check command. A third input to gate E5, which 
feeds the SYNC PE clock input, is the 0 output of the 
nip-flop which prevents the flip-flop from being clocked 
again. In this instance, the flip-flop is direct cleared by the 
CLR ERR L signal from sheet CSRB. 

6.10.3 Write Parity 
For a write operation, the 18 data bits and the parity bit 
1fe supplied to the drive to yield an odd number of 1 s. To 
accomplish this, the 19th bit, designated OBUF PA H, is 
forced to a 0 so the 18 data bits (designated OBUF 00 
through OBUF 17) determine whether the ~EVEN output 
of the 74180 is asserted or unasserted. For example, assume 
that the sum of the 18 data bits is odd (the parity bit 
OBUF PA can be disregarded since it is a forced 0). These 
bits are summed with the 000' input to assert the ~EVEN 
output. This inhibits gate E7, pin 8 from generating a sync 
parity bit (SYNC PA H), if the second input to this gate is 
temporarily disregarded. Since the data is an odd number of 
Is, it is not necessary to generate a parity bit. If the data 
contains an even number of Is, it yields an odd number 

when summed with the ODD input. As a result. the 
~EVEN output goes low generating a SYNC PA bit. which 
creates odd parity. 

In the case where an error condition exists or word count 
overflow occurs prior to the end of a rccord. the remaining 
words in the record arc filled wi th Os. This is accomplished 
by disabling the data drivers on the Massbus with the signal 
GATE SYNCD (see sheet DBCB). As a result. the number 
of Is is zero which is even. Consequently, a parity bit must 
be simulated to generate odd parity. This is accomplished 
by the GATE SYNCO input going lInasserted. Thc situation 
just described only occurs for a write npt?rarinn and. 
consequently, the driver that drives the SYNC P A signal nn 
the Massbus is ANDed with the Write signal. 

6.20.4 Asynchronous Massbus Parity 
TIle two 74180 chips in the center of sheet PACA are 
employed for parity generation when writing into a register 
in the drive. The 16 data inputs to the chips are from the 
Unibus A data lines. Note that odd parity is normally 
selected. 

Assume the data inputs contain an even numher of I s. This 
is summed with the 000 input to assert the LODD output 
which generates CNTL PA OUT H. l11is is the parity hit 
generation and is supplied to the Masshus Jrivcr for transfer 
to the drive. If the data inputs contain an odd number of 
Is, .the CNTL PA OUT H signal is not asserted and no 
parity bit is generated. When reading from a drive register. a 
different set of data lines is used and this necessitates two 
additional 74180 chips to check parity. 111e lines are the 
"C" IN lines which are the au tputs of the receivers used to 
monitor the Massbus control infonnation. 11l(.~ parity bit 
generated by the drive is supplied to the ODD input. The 
inverted polarity of the parity bit is applied to the EVEN 
input. The sum of the bits should be odd which means that 
LEVEN should be unasserted. For example. if the 16 data 
bits are allIs and the parity bit generated in the drive is a 1. 
the sum of all bits is 17, which is odd. This causes ~EVEN 
to go low, which inhibits NAND gate E5, pin 5 which, in 
turn, places a low at the D-inplIt to the CNTL PE (control 
parity error) flip-flop. If the data inputs to the 74180 chips 
contain an odd number of 1 s and the parity bit from the 
drive (CNTL PA IN H) is asserted (indicating a parity 
error), the ~EVEN output is forced high which sets the 
CNTL PE flip-flop during the trailing edge of CNTL OUT 
L. This signal is the gating signal used to gate da ta from the 
Massbus control lines to the Unibus. When the CNTL PE 
flip-flop is set, it remains latched by the 0 output feeding 
the data input via gate E7, pin 3. The flip-flop is cleared in 
the same manner as the SYNC PE flip-flop by CLR ERR L. 
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NOTE 
The second input to gate E5 is the. AS ·REG 
signal. This signal inhibits checking parity when 
the Attention Summary (AS) register is being 
read. The reason that parity cannot be checked 
when reading the Attention Summary register is 
that the AS register in each drive provides only 
one bit of information and a parity check is 
meaningless. 

The output of the SYNC PE flip-flop causes an MDPE 
(Massbus Data Parity Error) which appears in bit 8 of the 
CS2 register and also causes TRE (bit 15 of CS 1) to be 
raised. 

TIle output of the CNTL PE flip-flop causes an MCPE 
(Massbus Control Parity Error) which appears in bit 13 of 
the CS 1 register and causes SC (bit 15 of CSl). 

TIle PAT H signal can be asserted by the program (bit 4 in 
CS2) to generate even parity on the Massbus and to check 
for even parity on the synchronous data lines when 
performing Read or Write-check commands. This mainte­
nance feature' allows verification of the parity logic in the 
drive. 

The M7297 Parity Control module contains two light­
emitting diodes: one for control bus parity error and one 
for synchronous bus parity error. TIlis allows the mainte­
nance personnel to quickly detect whether the parity error 
occurred on the synchronous section of the Massbus or on 
the control (asynchronous) section of the Massbus. 

6.2] M5904 MASSBUS TRANSCEIVER MBSA, MBSB, 
MBSC 
TIle Massbus consists of three Massbus cables and associated 
\1assbus transceiver modules. A 40-pin connector on each 
M5904 Massbus Transceiver module connects the Trans­
ceivers to the Massbus cables. The transceivers plug into 
slots C4-D4, CS-D5, and C6-D6 in the RHll to connect the 
RH 11 to the Massbus. 

Each signal on the Massbus is applied to a differential 
circuit which transmits the true signal and an inversion of 
the signal along the bus. At the other end of the bus, the 
signals are received by differential receivers which output 
the true fonn of the signal. The differential circuitry serves 
to eliminate noise since any common mode noise will be 
cancelled at the differential receivers. For additional des­
cription, refer to MS904 Massbus Transceiver module in 
Appendix A. 

The three Massbus cables are designated: Massbus Cable A 
(D-BS-RHI1-0-02, MBSA) Massbus Cable B (D-BS-RBIl-
0-02, MBSB) Massbus Cable C (D-BS-RHII-0-02, MBSC). 

TIle M5904 Massbus Transceiver is functionally shown 
within the dotted block on each drawing. The 40-pin 
connector is shown in the center of the dotted block. The 
differential transmitters which drive signals onto the 
Massbus from the RH 11 are shown to the left of the 
connector. The differential receivers which receive signals 
from the Massbus are shown to the right of the connector. 
These signals originate at the drive and are routed to the 
RHII via the differential receivers. 

To minimize switching of signals on any transceiver module 
at a given time, the signals are grouped on different 
modules. For example, OBUF 00-05 H is contained on 
MBSA, OBUF 06-11 H is contained on MBSB and OBUF 
12-17 H is contained on MBSC. The DOO IN H through 
DIS IN H signals from BUSA are also divided on the three 
modules in similar manner. The RSEL 0 H through RSEL 4 
H signals are grouped on MBSA and MBSB. 

TIle OBUF signals arc gated by GATE SYNCD H which 
enables the output of OBUF to be gated onto the MASS 'D' 
lines of the Massbus. The DOO IN H through DIS IN H 
signals which form the MASS 'C' lines are enabled by 
GATE CNTL H which occurs when the RH 11 is writing a 
remote register. GATE CNTL H is the assertion of DEV 
SEL and a DATO. TIle RSEL signals select a drive register 
and are enabled by the DEV SEL signal. Unit select signals 
UOO H througll U02 H are also enabled by DEV SEL and 
specify one of eight possible drives. The remaining control 
signals which are supplied to the drive are also shown. 
These include WRITE CLK, RUN, DIR TRANS, MB INIT, 
DEMAND, CNTL PA OUT, SYNC PA, and SUPPLY AC 
LO. 

The signals sent from the drive to the Massbus are SYNC 
DOO through SYNC 017 which represents synchronous 
data, and COO H through CIS H which represents the 
contents of a drive register. Control signals which include 
EXCP, EBL, ATTN, SYNC CLK, CNTL PA IN, OCC and 
TRANS are also shown. 

6.22 UNIBUS A CABLE DIAGRAM 
The Unibus A cable diagram is shown on D-IC-RHII-0-03. 
Slots A 1 and A9 are wired together as are slots Bland B9. 
The slots are wired to provide UNIBUS A IN and UNIBUS 
A OUT signals, except for the GRANT signals. The GRANT 
signals are passed through the device before being supplied 
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to the Unibus out cable. The cable slots occupy slots AI, 
Bl, and A9, B9 as shown in the Module Utilization Chart 
D-MU-RHI1-0-01. 

'The three small peripheral controller devices are shown on 
the lower portion of the cable diagram. If the devices are 
inserted in the slots. the GRANT signals are passed from 
device to device. G727 Grant Continuity modules are 
inserted in any of these slots (D7, D8, or D9) not 
containing small peripheral controllers. The designated slots 
for the peripheral con trollers are C7 through F7, C8 
through F8. and C9 through F9 (see D·MU-RHI1-0-01). 

Also shown on the diagram is the M688 Power Fail driver 
which buffers the AC LO and DC LO signals and supplies 
them to Unibus A for power fail detection. 

6.23 UNIBUS B CABLE DIAGRAM 

TIle Unibus B cable diagram is shown in drawing D-IC­
RH 11-0-04. It is similar to the Unibus A cable diagram with 
the following exceptions: 

I. lnle signals are prefixed by BUSB to denote 
Unibus B. 

In Unibus A. the BUS GRANT signals are 
PJssed through the devices and are not directly 
wired from the UNIBUS A IN slot to the 
lI~IBUS A OUT slot. In Unibus B, the BUS 
GRANT signals are directly wired from the 
UNIBUS B IN slot to the UNIBUS B OUT slot. 
111e reason for this is that the RH 11 cannot 
interrupt on Unibus B and, consequently, does 
not have to look at the BUS GRANT signals. 
Note that the NPG signal is not directly 
connected but is passed through the device on 
both Unibuses. 

Unibus B has an M688 Power Fail driver simi!ar to that on 
Unibus A. TIlis is to assert BUSB AC LO or BUSB DC LO 
on Unibus B in the event of a power-fail condition. 

6.24 M9300 UNIBUS B TERMINATOR 
'Il1C MQ300 Unibus B Terminator is shown in drawing 
D·CS-M9300·0-1. Three main functions performed by the 
M9300 are: 

I. to properly ternlinate the Unibus cable 
2. to arhitrate NPR'i and issue NPGs 
3. to prevent NO-SACK timeout. 

6.24.1 NPR Arbitration and Issuance of NPG 
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In certain multipart memory configurations, Unibus B will 
be employed without a processor. In order for the RH 11 to 
acquire bus mastership, it must issue an NPR and must 
receive an NPC signal. Since there is no processor to issue 
grants, the arbitration logic on the Ml)300 performs this 
function. TIle logic is shown on the left-hand side of the 
drawing. If the M9300 is connected at the beginning of the 
Unibus and no processor is connected to this Unibus, 
jumper WI is cut. This enables the arbitration logic as 
described below. 

TIle NPR requests are arbitrated by the M9300. If an NPR 
request is received (and BUS SACK is not present or has 
not been on the Unibus for 100 ns), the latch consisting of 
E2, pin 3 and E2, pin 6 is enabled. When the NPR request is 
received, pin 1 goes low forcing pin 3 high which, in turn, 
forces pin 6 low and enables signal BUS NPC H to be 
generated. 

NOTE 
If a BUS SACK signal and an NPR request are 
both received, pins 3 and 6 will both be high 
because the arbitration logic recognizes NPRs 
while SACK is asserted. In accordance with the 
Unibus specification, a GRANT signal cannot 
be issued until 100 ns after the SACK signal is 
removed. This logic is shown by gates E I, pin 
14, E2 pin II, E6 pin 3, 100 ns delay DLI, E5 
pin 2, and E2 pin 6. When BUS SACK is 
asserted, E2 pin 6 is high and inhibits NPG H 
from occurring. After BUS SACK is unasserted 
for 100 ns, E2, pin 5 goes high to allow the 

grant to be asserted. 

TIle NPR request, as previously described. generates the 
NPC H signal. In addition, however. it fires 10 MS onc-shot 
multivibrator E4, pin 4 via gate E2, pin 6 If the BUS SACK 
signal is not returned within 10 MS, the one-shot times out 
and the positive-going trailing edge at E4, pin 4 clocks 
NO-SACK TIMEOUT flip-flop E3 set. TIle 0 output of this 
flip-flop goes low and simulates the BUS SACK signal since 
it is ORed with BUS SACK in gate E6, pin 3. The simulated 
BUS SACK signal performs two operations: I) it clears the 
latch by causing E2, pin 5 to go low, and allows other NPRs 
to be arbitrated, and 2) after the 100 ns delay through 
DLl, it direct clears the 10!J.s one-shot and the NO-SACK 
TIMEOUT flip-flop. 



In addition to arbitrating NPRs, the M9300 must also 
simulate a processor when a power-fail condition is asser­
ted. In this case. the device on the Unibus asserts BUS DC 
LO L. TIle M9300 receives this signal and returns BUS INIT 
L via gates E 1, pin 2 and E8, pin 1. Note that BUS INIT L 
is only returned when jumper WI is cut (no processor 
connected to Unibus). Consequently, the M9300 simulates 
the BUS INIT signal from the processor. 

If the :\19300 is connected at the beginning of the Unibus 
and there is a processor connected to the Unibus, jumper 
WI is not cut. TIlis places a low input at NOR gate E8, pin 
5 which causes the output to go high. This output is 
open-collector ORed with the processor GRANT signal on 
the lTnibus. In this instance, E8, pin 5 diables the 
arbitration logic in the M9300 from arbitrating NPRs. E8, 
pin 4 is effectively disconnected from the Unibus, and the 
processor does the necessary arbitration. 

6.24.2 Prevention of NO-SACK TIMEOUT 
TIle logic on the right-hand side of D-CS-M9300-0-01 is 
employed when the M9300 is connected at the end of the 
l'nibus. TIle purpose of this logic is to monitor the BUS 
N'PG and BUS GRANT signals and to issue BUS SACK 
which bypasses the 10 I1S timeout logic used in the 
processor or in an M9300 module when employed as an 
arbi tra tor. 

If a pwcessor is connected to this Unibus, jumper W3 is 
cut. Since the M9300 is at the end of the Unibus, jumper 
W2 is also cut. With W3 cut, NAND gate E6, pin 8 is 
enabled to pass the BUS GRANT signals, and with jumper 
W2 cut, NAND gate E8, pin 13 is enabled to pass the BUS 
GRANT or the BUS NPG signal. 

Consequently, any grant that reaches the. end of the bus, 
and has bypassed the device requesting a grant, causes the 
BUS SACK L signal to be asserted. BUS SACK L is sent to 
the processor and causes the GRANT signal to drop which, 
in turn, causes BUS SACK to become unasserted. 

T1~e 10 I1S timeout logic is overridden as follows. Assume a 
device issues a request and then suddenly clears it. The 
processor arbitrates the request and issues the grant, 
thinking it saw a valid request. The processor then times 
out for 10 I1S waiting for BUS SACK. However, the logic 
just described causes BUS SACK to be asserted imme­
diately. thus bypassing the timeout feature and improving 
interrupt response time of the Unibus. 

If the M9300 is at the end of the Unibus and there is no 
processor connected to the bus, then only jumper W2 is 
cut. With jumper W3 in, the gate (E6, pin R) which 
normally passes the BUS GRANT signals is inhibited. Since 
there is no processor to issue BUS GRANT signals, they 
have no meaning. TIlcse signals are open-collector signals 
asserted high and since tllere is nothing to assert them low, 
they appear as valid BUS GRANT signals 011 the Unibus. 
Therefore, jumper W3 is in which disconnects these signals 
from the Unibus by opening gate E6, pin 8. TIle BUS NPG 
signal can be asserted by a processor or another M9300 
terminator at the beginning of the bus, thereby causing the 
SACK assertion. This is verified by the fact that NAND gate 
E8, pin 13 is enabled to allow the BUS NPG signal to assert 
BUS SACK. 
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If jumpers Wt and W2 are erroneously cut. the M9300 
would function abnormally. To prevent this condition from 
occurring, both jumpers are applied to NAND gate E8. pin 
10. If both jumpers are cut, E8, pin lOis driven low causing 
a light-emitting diode to illuminate. This immediately 
indicates an illegal jumper configuration for maintenance 
purposes. 

NOTE 
If all three jumpers are in, the M9300 logic is 
bypassed and only the terminating resistors are 
utilized. 

6.25 G727 GRANT CONTINUITY MODULE 
If there are no small peripheral controllers installed in slots 
C7 through F7, C8 through F8, and C9 through F9. G727 
Grant Continuity modules must be installed in slot D7, D8, 
or D9. These modules merely continue the BUS GRANT 
signals to the next device on the Unibus. 

6.26 M688 POWER FAIL DRIVER 
The M688 Power Fail driver is a single-height module which 
receives power fail signals from the power supply and 
a.."iserts them on the Unibus. If Unibus B is utilized as a 
second bus, an additional M688 is required to assert power 
fail signals on this bus. Figure 6-5 is the M688 Power Fail 
module schematic. AND-NOR gates E 1. pin 8 and E4, pin X 
and the associated inverters are not used in the RH 1 1. 
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Figure 6-5 UNIBUS Power Fail Drivers Schematic 



"nle schematic shows a noise filter, differential amplifier, 
and bus driver for two power fail input sources. Pin HI is 
(onnected to the ac power fail line, and pin Nl is 
(onnected to the dc power line. When the input at pin HI 
or Nl goes low, the output at pin D2 or PI, respectively, 
goes low. 111e input power fail signal is applied to a 
differential amplifier via the noise filter. The differential 
amplifier increases the voltage swing of 3 V (0 to 3 V) to 
5 V (0 to 5 V), which is the voltage required to operate the 
bus driver. This circuit provides the drive necessary to 
supply the signal to the Unibus. The voltage doubler circuit 
increases the +5 V input to 8 V. This voltage is necessary to 
generate the +5 V required at the input to the bus driver 
circuit. 

6.27 M5904 MASSBUS TRANSCEIVER MODULE 
111e M5904 Massbus Transceiver module contains nine 
differential driver chips (75113) and seven differential 
receiver chips (751 07B). Each driver chip and each receiver 
dup is capable of carrying two signals. Thus, the chips can 
he designated dual drivers and dual differential receivers. 
The transmission line connected to the transceivers are 
bidirectional in that they can both receive and transmit 
information. 111is is illustrated for one signal line in Figure 
6-6. 

DR IVER 
(112 OF 75113) 

RECEIVER 
(1/2 OF 75107B) 
PART OF M5904 

"-2341 

Figure ()-6 Typical Differential Driver/Receiver Connection 

The advantage of differential circuitry is that any nois(;; 
picked up is generally picked up on both the inverted and 
non-inverted signal lines. The differential receiver takes the 
difference between the signals regardless of the noise level, 
and the noise is effectively cancelled out. 

Each driver on the M5904 must be terminated since the 
M5904 is used to drive transmission lines (Figure 6-7). 
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Figure 6-7 Driver Termination 

The M5904 Massbus Transceiver requires input voltages of 
+5Vdc and -15Vdc. The dual drivers require +5Vdc 
operating voltage while the dual differential receivers 
require +5 Vdc and -5 Vdc. 111e -5 Vdc is obtained from 
the -15 V dc source via a resistor and Zener diode network. 

6.27.1 75113 Dual Differential Driver Chip 
The 75113 Tri-state Dual Differential Driver Chips provide 
differential outputs with high current capability in order to 
drive balanced lines. 11le chips feature a high output 
impedance making it possible to connect many drivers on 
the same transmission line. A simplii1ed schematic of the 
75113 is shown in Figure 6-8. 

The inverting output of the driver chip is the transistor 
collector, while the non-inverting output is the transistor 
emitter shown at point B. When the input is low. neither 
transistor conducts and line A is biased to + ~.S V while line 
B is biased to 0 V by the tenninator resistors (refer to 
diagram). When the input is high, the upper transistor 
collector is driven low (0 V) and the lower transistor 
emitter is driven high (+2.5 V). The pin connection diagram 
for the dual differential driver is shown in Figure 6-9. 

6.27.2 75107B Dual Differential Line Receiver Chips 
The 75107B Differential Receiver Chips feature dual 
independent channels with common voltage supply and 
ground terminals. The circuits operate as follows. If the 
voltage at pin 1 is positive with respect to the voltage at pin 
2, the output at pin 4 goes positive (Figure 6-10). 

If the voltage at pin 1 is negative with respect to pin 2, the 
output at pin 4 goes negative. 111e pin connection diagram 
for the receiver is sh own in Figure 6-1 I . 
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Figure 6-11 75107B Differential Receiver Pin Connection 
Diagram 

6.28 H870 TERMINATOR 
TIle H870 Bus Terminator provides a simple and reliable 
method of terminating the Massbus. The Massbus is 
terminated by plugging H870 terminators into each M5903 
transceiver module in the last drive. 

TIle H870 consists of 38 82[2, 1/4 watt resistors wired 
between each Massbus line and a common ground connec­
tion. 

NOTE 
The H870 Terminators are to be installed on 
the M5903 transceiver module with the 
resistors facing up. 
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6.29 M8838 UNIBUS TRANSCEIVER MODULE 
The M8838 Unibus Transceiver module drives and receives 
signals on the Unibus. The module is a quad chip consisting 
of four Unibus drivers with common enables on pins 7 and 
9 and four receivers which are always enabled. TIle pin 
connection diagram is shown in Figure 6-12. 

6.30 UNIBUS TERMINATION 
TIle terminating resistors for the Unibus comprise voltage 
divider networks necessary to properly terminate the 
Unibus. These resistors are similar to the terminating 
resistors on the M930 standard Unibus Terminator module. 
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CHAPTER 7 
INSTALLATION AND MAINTENANCE 

7.1 INTRODUCTION 
This chapter describes the necessary installation informa­
tion required to install the RH 11 as a Unibus device. The 
chapter also describes the preven tive and corrective mainte­
nance procedures that apply to the RH 11 when connected 
to a TU16iTM02 tape drive. A major point in the 
maintenance philosophy of this manual is that the user 
understand the normal operation of the RH 11. 

This knowledge, plus the maintenance information con­
tained in the TU 16/T:H02 Tape Drive System Maintenance 
Jlanllal. will assist the maintenance personnel in isolating 
system malfunctions. 

7.2 INSTALLATION 
The following paragraphs describe the mechanical and 
electrical installation, power checks, jumper configurations, 
visual inspection, and diagnostics associated with the RH 11. 

7.2.1 Mechanical 
The RH 11 uses two hex-height modules and must be 
installed in a mounting box that accommodates hex-height 
modules. The modules are inserted in a double-system unit 
backplane which is installed in the mounting box with four 
thumbscrews. The double-system unit is oriented with the 
bus cable slots in line with the other options. 

7.2.2 Electrical 
Electrical installation describes the power cable connec­
tions, Unibus cable connections, and Massbus cable connec­
tions. 

7.2.2.1 Power Cable Connections - Power is distributed 
to the RH 11 modules via two power cables which attach to 
the printed circuit backplane assembly by quick-disconnect 
tabs (refer to RHll Wired Assembly Drawing D-AD-
7009397-0-0). The power cables have Mate-N-Lok connec­
tors on one end, which conne.ct to the Power Distribution 

7·1 

Panel located above the backplane. and quick-disconnect 
tabs on the other end, which connect to the printed circuit 
backplane. The following chart shows the color codes 
associated with the power harness connections. 

Red +5 Vdc 
Black Gnd 
Blue -15 Vdc 
Gray 
Violet 
Yellow 
Brown 

+15 Vdc 
DC LO (+3 V to +5 V) 
AC LO(+3 V to +5 V) 
LTC 8 V pk-to-pk ac 

CAUTION 
When connecting the power cables to the 
backplane. ensure that backplane wires are not 
damaged. Also, do not cut AC LO and DC LO 
wires out of the power harness as they are used 
for power fail conditions on the Massbus and 
on both Unibus A and Unibus B ports. 

After power connections have been made, check for power 
shorts with an ohmmeter. Ensure that all modules are 
firmly seated in the proper slots (Figure 7-1 ). Power up the 
cabinet and measure voltages in accordance with values 
listed in color code chart for power connections. After this 
is accomplished, tum power off. 

7.2.2.2 Unibus Cable Connections - The RH 11 is a two­
port Unibus device capable of accepting two Unibus cable 
systems, designated Unibus A and Unibus B. 

Unibus A Connections -- The Unibus A cable slots connect 
the RHl1 to the processor controlling it. TI1C Unibus A 
cable enters the RH 11 via slot AI, Bland (OIlt1C(tS to the 
next device via slot A9, B9 (refer to Module Utilization 
Drawing D-MU-RH 11-0-0 1 ). 
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Figure 7-1 RHll Module Utilization 
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Connections to slot ALB 1 arc made via the BC 11 A Unibus 
cable if the RH 11 is the first Unibus A device in the 
mounting box. Otherwise, connection to AI, B 1 from the 
preceding device is made by an M920 Unibus Jumper 
module. Connection to the next adjacent device on the 
Unibus is made via the M920 Unibus Jumper module, or is 
made hy BC 11 A cable if the device is not adjacent. 

NOTE 
If the RH II is the last device on Unibus A, an 
M930 Terminator module is installed in slot 
A9,89. 

Unibus B Connections - Unibus B connections are general­
ly made in systems with multiport memories. When the 
Unibus B port of the RHll is not used, an M9300 
Terminator module (with jumper WI cut) should be 
installed in slot AS. B8 to temlinate Unibus B signals into 
the RI 111. The second M9300 Terminator module should 
not be used in order to conserve power consumption. If the 
Unibus B port of the RH 11 is used, connections are 
determined on the basis of whether a processor is connec­
ted to Unibus B. These connections are described below. 

J. 

b. 

Processor on Unibus B - If a processor is 
connected to Unibus B, it is electrically con­
nected at the beginning of the bus. In this case, 
the M930 Terminator modules supplied with 
the processor are used for bus termination, and 
the two M9300 UnibusB Terminator modules 
Sll p plied wi th the RH 1 1 are not used. 

NOTE 
The M9300 Terminator may be used as a 
substitute for the M930 Terminator if the 
jumpers are selected correctly. 

11le Unibus B cable connection to the RH 11 is 
made via slot AS. B8 with a BCIIA cable. 
Connection from the RH 11 to the next device 
is made via Be 11 A cable connected to slot A 7, 
B7. If the RHII is the last device on the bus, 
the M930 or M9300 Terminator is installed in 
slot A7, B7 instead of the BellA cable. 

No Processor on Unibus B- If no processor is 
connected to Unibus B, a M9300 Unibus B 
Terminator module must be sele :ted as an NPR 
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arbitrator. If one RH 11 is connected to Unihus 
B, the RH 11 is electrically connected at at the 
beginning of the bus with the M9300 selected 
to act as an NPR arbitrator. One M9300 Unibus 
B Terminator module is placed in slot A8, B8 
of the RHI\' Jumper WI on this module Illust 
be cut to enable the arhitration Illgic. Connec­
tion to other devices on Unibus B. such as 
memory, are made via BC I 1 A cable connected 
to slot A7, B7. The second M9300 Unibus B 
Terminator module is installed in the last device 
on Unibus B. Jumper W2 is removed for 
terminating the Unibus with no processor con­

nected. 

NOTE 
In this case, an M930 Terminator module 
can be substituted for the M9300 Unibus 
B Terminator in the last device slot. If 
more than one RH 11 is installed, the user 
may have extra M9300 modules as a 
result of a particular configuration. 
Figures 7-2, 7-3, and 7-4 show typical 
Unibus configurations. 

7.2.2.3 Massbus Cables -- Massbus connections to the 
RH 11 are made via three 40-conductor ribbon cables. These 
cables plug into three M5904 Transceivers in the RH 1 I ~lIld 
are designated Massblls Cable A, Massbus Cable B, and 
Massblls Cable C. The connec tions arc made as shown 
below: 

Massbus Cable A -- Install in M5904 module in slot C4, 
04. 

Massbus Cable B ~- Install in MS904 module in slot C5, 
05. 

Massbus Cable C - Install in MS904 module in slot C6, 
06. 

The Massbus cables are marked and should be inserted with 
the edge-marking facing the module handles. To terminate 
the Massbus, three HS70 modules (Massbus Transceivers 
and Terminators) supplied with the RH II should be 
plugged into the MS903 modules located in the last drive 
on the Massbus in place of the M5903 modules (Figure 
7-5). 
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7.2.2.4 AC LO, DC LO - AC La and DC La signals from 
the power supply which supplies RH 11 power must be 
connected to the RH 11. The wires supplying these signals 
WILL NOT BE CUT from th~ power harness. There will be 
only one AC LO and one DC LO pm~'er fail connection to 
each Unibus jC)f devices rnounted in the same mounting box 
and shan'ng the same power supply. Otherwise, power fail 
conditions would latch up due to positive feedback to the 
power fail logic. If a power fail connection for AC La and 
IX' La is al ready made to a Unibus from a device in the 
same Jll~Hmting box, the M688 Power Fail module in the 
RIll 1 for that Unibus is removed. TIle M688 module for 
Unibus A is located in slot E5 and the M688 module for 
Unihus B is located in slot E4. TIle following is a summary 
of power fail cont1guration rules. 

1. For each mounting box, there is only one AC 
LO and DC La power fail connection to a 
Unihus from the power supply. 

J. 

-+. 

Power supply AC LO and DC La must always 
be wired to each RI 111 via the power harness. 

Power fail signals may only be disconnected 
from a Unibus in an RH II by removing the 
appropria te M688 Power Fail Driver module. 

Power supply AC LO and DC La should be 
disconnected from all other options mounted in 
the same hox as the RH 11 if they do not need 
those signals for internal operZltion. 

Figures 7-6. 7-7, ~lI1d 7-8 show thre~ typical power fail 
configurations which are configured in ac,.:ordance with the 
above mentioned rules. 

7.2.3 Small Peripheral Controller Slots 
nle RH I I provides space for mounting lip to three small 
peripheral controllers on Unibus A. These three small 
peripheral controller sl(lts may contain a variety ofPDP-J 1 
uptions. TIle option may consist of single quad-height 
hoards (slots C. 0, E, and F) or double-height control 
h()ards (slots C and D) with an MIOS Address Selector 
m()dule (slot E) and an M782 I Interrupt Control module 
(slot F J. If no option is installed in a small peripheral 
controller slot., a G727 Grant Continuity module is installed 
in empty slots 07, 08 and/or 09 to jumper the Unibus A 
bus grant lines through the unused option space. 

7.2.4 Jumper Configurations 
TIle following paragraphs describe the various jumper 
configurations on the BCT (M7295), DBC (M7294) and the 
CSR (M 7296) modules. 
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7.2.4.1 BeT Module - TIle BCT module contains jumpers 
for register selection. BR level interrupt. NPR latency. 
vector address. and missed transfer error. 

Register Selection TIle RH II is capable l)j' responding to 
30 possible Unibus addresses. The number of addresses. 
however, is dependent on the Massbus device. For the 
TU 16/TM02 tape drives, the following jumper configura­
tion should be used (D-CS-M7295-0-J. sheet 2). 

Jumper in = binary 0 

Jumper Address Jumper In/Jumper Out 
Bit 

WI 12 OlJT 
W2 11 IN 
W3 10 OUT 
W4 9 [N 
W5 8 OUT 
Wb 7 IN 
W7 6 IN 
W8 5 OUT 

Jumpers WI through W8 select the block of Unibus 
addresses that the TUI6/TM02 responds to. The standard 
addressing block assigned is 772440 through 772472. If the 
jumper is left in, a binary 0 is encoded. 

The jumpers in E3 (D-CS-M7295-0-1, sheet 2) are selected 
for the appropriate number of registers (14) in the 
TU16/TM02 system. 

Slot Jumper Jumper In/J umper Out 

E3 1 - 16 IN 
2 15 IN 
3 - 14 OUT 
4 - 13 OUT 
S --- 12 (2) OUT 
6 -- J I (4) OUT 
7--10(8) OUT 
8 -- q (16) IN 

BR Level Interrupt - 111(' pnonty jumper plug for the 
RHll is normally set for the BR5 level. This plug is located 
in E57 (refer to D-CS-M7295-0-1, sheet 7). 

NPR Latency - Special circuitry is incorpora ted 011 the 
BCT module to improve NPR latency time for devices 
connected to the Unibus. This circuitry is enahled via 
jumper WI8 (D-CS-M7295-0-1 ,sheet 7). This jumper should 
be left in, which enables the NPR latency feature. Not all 
PDP-] 1 processors will work with this special feature. 
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slol E05 8 f'om 8USS by removing M688 in slot E04. 

Figure 7- 7 Typical Power Fail Configuration for Two RHIIs Mounted in Same Expander Box 
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Figure 7-8 Typical Power Fail Configuration for RHll and CPU Mounted in Processor Box 
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Vector Address Jumpers - TIle interrupt vector transferred 
to the processor is jumper selectable via jumpers W 11 
through WI7, representing vector bits 2 through 8, respec­
tively. When a jumper is left in, ~ binary 1 is encoded. The 
TJU 16 system has heen assigned a vector address of 
000224. The jumper configuration for this address follows: 

Jumper Vector Bits Jumper In/Jumper Out 

WIl V2 IN 
WI2 V3 OUT 
W13 V4 IN 
W14 VS OUT 
W15 V6 OUT 
Wl6 V7 IN 
W17 V8 OUT 

. MXF Jumper - Jumper Wl9 (D-CS-M729S-0-I, sheet 9) is 
used to disable detection of MXF errors and is used during 
special main tenance procedures. Normal operation requires 
that jumper W19 be left in. 

7.2.4.2 DBC Module - TIle DBC module contains jumpers 
for NPR cycle selection. Unibus parity, and start counter 
capacities. 

/VPR C.J'cle Selection Jumpers - There are two jumpers 
used to select the type of cycle implemented when doing 
NPRs. Jumper E66 (3-14) (D-CS-M7294-0-1, sheet 2) 
selects the RH 11 to perform one memory reference for 
each NPR request. In the TJU16 system, this jumper is 
removed to allow back-to-back memory cycles to occur. 

Jumper E66 (2-15) (D-CS-M7294-0-1, sheet 2) takes 
advantage of dedicated Unibus B systems by allowing the 
RH 11 to transfer complete consecu tive blocks of data 
without giving up the Unibus. A dedicated Unibus B system 
is one in which the RH 11 is used exclusively as a Unibus B 
master. To implement this feature (called BUS HOG mode), 
the one-cycle jumper and E66 (2--15) must be cut. 

Unibus Parity Jumpers- The RHII option can be selected 
for 16 data-bit (plus two parity bits) transfers or 18 data-bit 
transfers. Unibus A and Unibus B can each be selected 
individually via jum pers WI and W2 (D-CS-M7294-0-1, 
sheet g). Jumper WI, if left in, allows parity error code 
detection on Unibus A when the RH J 1 is doing DATI 
operations. If jumper WI is removed, the Unibus A PA and 
PH parity lines are used as data bits 16 and 17, respectively. 
Jumper W2 serves the same function for Unibus B as 
jumper W I does for Unibus A. The jumpers are normally 
left in. 

Start Counter Jumpers - Different Silo fill capacities are 
jumper selectable before starting a write operation onto the 
disk drive. TIle jumper selections are listed below 
(D-CS-M7294-0-1. sheet 9): 

Jumper E66, Pins I -- 16 Selects full capadty of (14 

words. 

Jumper E66, Pins 5 --- 12 - Selects 32 words. 

Jumper E66, Pins 7 - 10 --- Selects 16 words. 

NOTE 
Only the jumper representing the desired Silo 
capacity should be connected. TIle other 
jumpers should be removed. For the TJU 16 
system, the 64-word jumper (E66, pins 1 - 16) 
should be connected . 

7.2.4.3 CSR Module - The CSR module con tains a 
jumper to allow for Unibus A selection only. The jumper is 
designated WI and is shown on D-CS·M7296-0-J, sheet 2. 
The purpose of WI is to override the abili ty of the program 
to select Unibus B data transfers; with jumper WI connec­
ted, only Unibus A operations are allowed. The jumper is 

nonnally left in. 

7.3 VISUAL INSPECTION 
Before the diagnostics are run, the following visual inspec­
tions should be made. 
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1. Verify that all modules have been configured 
correctly in accordance with the RH 11 Module 
Utilization List D-MU-RHII-O-O I. 

2. Ensure that al1 modules are firmly seated in the 
system backplane assembly. 

3. Inspect backplane wiring fur broken wires or 
damaged pins. Repair or replace as required. 

4. Ensure that the power cable is ftmlly attached 
to the Fast-on tabs on the system backplane 
assembly and that the Mate-N-Lok connector is 
seated firmly in the power distribution panel on 
the chassis. 

5. Clean air filters at top of cabinet. 

6. Ensure that all Unibus and Massbus cables are 
properly terminated and arc t1rmly seated. 

7. Check cabinet fans for proper operation. 



7.4 INSTALLATION PROCEDURE FOR A TJU16 
ADD-ON 
The TJU16 consists of an RHll Massbus Controller, a 
TM02 Tape Controller. and a TU 16 Slave Transport. 

7.4.1 RH 11 Installation 

1. Unpack the RH 11 and mount it in the pro­
cessor or expander box. 

2. Remove the M9300 and M5903Y A modules 
from the RHlllogic assembly. The M9300 will 
be used for jumpering Unibus A to the RBI 1. 
The three M5903Y A modules will be used in 
the TM02. 

3. Connect the power harness to the RBI 1 logic 
assembly in accordance with drawing 
UA-RHII-O-O. 

4. Turn on the power for the processor or 
expander box and verify that the +5 V, -15 V, 
and + 15 V power are available at the power 
distribution panel of the processor or expander 
box. 

5. Turn off the power for the processor or 
expander box and plug the three Mate-N-Lok 
connectors of the power harness into the power 
distribution panel. (Refer to drawing 
UA-RHII-O-O.) 

6. 

7. 

Turn on the power for the processor or 
expander box and check the voltages in the 
RH 11 backplane: 

Voltage Harness Wire Color 

+5 V Red 
-15 V Blue 
+15 V Gray 
GND Black 

If necessary, adjust the appropriate voltage 
regulator in the processor or expander box 
power supply. 

8. Turn off the power. 

9. Connect the Massbus cables to the RBI 1 as 
described in Paragraphs 7.4.3 and 7.4.5. 
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7.4.2 TM02 and TU16 Installation 

1. Unpack the TM02/TU16 cabinet and bolt it to 
the system cabinet. 

2. Install the cabinet ground strap. 

3. Set the 861 circuit breaker to the off position. 

4. Set the 861 LOCAL/OFF/REMOTE switch to 
OFF. 

5. Check the power receptacle to be used for the 
861 for correct hot, neutral, and ground con­
nections. Refer to the 861-A,B,C Pmver Con-
troller Maintenallce Manllal. 
DEC-00-H861A-A-D, for the plug and 
receptacle diagrams for the particular 861 being 
used. 

6. Plug the 861 power cord to the power recep­
tacle. 

7. Set the 861 circuit breaker to the on position. 

8. Set the 861 LOCAL/OFF/REMOTE switch to 
LOCAL. 

9. Verify the following: 

a. Cabinet fan operating 

b. TM02 fan operating 

c. TU16 PWR indicator lit. 

d. TM02 power LED (bottom LED) lit. 

10. Remove the TU16 shipping brackets and slide 
the transport out. 

11. Check the power supply voltages listed in 
Tables 7-1 and 7-2. 

NOTE 
The voltage settings are critical. Do not 
attempt to adjust the voltages unless a 
well-calibrated scope or digital voltmeter 
is available. 



Table 7-1 
TUl6 Backplane, Regulated Voltages 

Designation 

+5 V 
+12 V 
-6.4 V 
+12 V (NRZ) 
+5 V (PE)* 
GND 

Pin No. 

DOIA2 
B04S1 
C04N2 
C02J2 
C02J2 
DOIC2 

Voltage (V dc) 

+5.25 
+12.05 
-6.35 
+11.875 
+5.6 

Tolerance (Vdc) 

±O .. OS 
±O.OS 
±0.05 
±0.125 
±O.l 

Control 
Poten tiometer 

R16 
R37 
R44 
R26 
R57 

---------~.-----------.. -----~--------.-.. -------

*This voltage must be checked out when on-line in the PE mode. (The LED next to the bottom on the TM02 is lit when in 
PE mode.) 

Table 7-2 
P4 Connector, Unregulated Voltages 

-----_.-... -_._-_. __ ._- _ .. _--------_._-----
Designation Wire Color 

+17 V Orange 
-17 V Yellow 
+18 V Pale Green 
-L8 V Blue 
GND Black 

12. Load a scratch tape on the TU16 and check out 
all manual functions: 

Load 
Brake Release 
Forward 
Reverse 
Rewind 
Start 
Stop 

13. Connect the slave bus cables to the TU16 as 
described in Paragraphs 7.4.4 and 7.4.5. 

14. Set the 861 LOCAL/OFF/REMOTE switch to 
OFF. 

IS. Slide the TU] 6 back into th~ cabinet. 

16. Remove the shipping brackets from the TM02 
and slide it out of the cabinet on its slides. 
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Minimum Voltage (V dc) 
------

+17.0 
-17.0 
+18.0 
-18.0 

17. Remove the top and side covers of the TM02. 

18. Set the 861 LOCAL/OFF/REMOTE switch to 

LOCAL. 

19. Check the power supply voltages listed in Table 
7-3 and adjust if necessary. 

20. Set the 861 LOCAL/OFF/REMOTE switch to 
OFF. 

21. Connect the Massbus and slave bus cables going 
into and out of the TM02 as described in 
Paragraphs 7.4.3, 7.4.4, and 7.4.5. 

22. Install the remote power control cable to the 
861 power controller. 

23. Set the 861 LOCAL/OFF/REMOTE switch to 
REMOTE. 



Table 7-3 
TM02 Voltage Check 

Designation Pin No. Wire Color 

+5 V AOlA2, FOlA2 Red 
+15 V FO! VI Orange 
-15 V A04B2 Blue 
AC La A09HI Yellow 
DC La A09Jl Violet 

2-+. Apply system power. Verify that the TM02 and 
TU16 power indicators are lit. 

25. Attempt to examine locations 772440 through 
772472 (standard TJU 16 addresses). If the 
processor traps, refer to Figure 7-9 for possible 
addressing jumper problems. 

26. Attempt to deposit and examine all Is in 
location 772446. If any bits are missing, check 
out the Massbus cabling (Paragraphs 7.4.3 and 
7.4.5 ). 

7.4.3 RH 11 /TM02 Massbus Cable Installation 
\1assbus cables must be installed between the RHII and the 
T\102 as shown in Figure 7-10. The ribbed surface of the 
\lassbus cables must face up at the RHII output, and the 
smooth surface of the cables must face up at the input of 
the TM02. Refer to Paragraph 7.4.5 for cable identification 
markings. 

CAUTION 
All Massbus cables must be installed with the 
red line toward the module handle. Otherwise, 
a signal line will be grounded. 

If more than one TM02 is used: 

1. All TM02s must have the smooth side of the 
BC06R Massbus cable up at the input of the 
TM02, and the ribbed side up at the output. 

Control 
Voltage (Vdc) Tolerance (V de) Potentiometer 

+5.00 
+15.0 
-15.0 
+4.85 
+4.85 

,-----
±O.2S R50 
±1.0 R35 
±1.0 R26 
±0.I5 -
±0.I5 -

2. Mid-bus TM02s use M5903 modules. 

3. The end-of-bus TM02 (as in the case of a single 
TM02) uses M5903Y A modules. 

7.4.4 TM02/TU16 Slave Bus Cable Installation 
Slave Bus cable connections between the TM02 and the 
TU16 and between daisy-chained TU16s are shown in 
Figure 7-11. A half-twist in the slave bus cable is not 
required between the TM02 and the first (or single) TU 16, 
but if multiple TUI6s are installed, a half-twist of the slave 
bus cable must be used between TUI6s. Refer to Paragraph 
7.4.5 for cable identification markings. 
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CAUTION 
All slave bus cables must be installed with the 
red line toward the module handle. Otherwise, 
the +5 V will be applied to a signal line instead 
of the shield where it belongs. 

Mid-bus TU16s use different modules than an end-of-bus 
(or single) TU 16. 

Cable A 
Cable B 
Cable C 

Mid-Bus TUl6 End-of-Bus (or Single) TU16 

M900I 
M8913 
M900IYA 

M9001YB 
M8913YA 
M900I YC 



ADDRESS SELECTION 
(FOR UNIBUS ADDRESS H2440) 

VECTOR SELECTION 
(FOR UNIBUS VECTOR 224) 
JUMPER IN = BINARY 1 

M7295 JUMPERS 

WI7 W16 W15 W14 W13 W12 Wl1 
OUT IN OUT OUT IN OUT IN 
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M7294 JUMPERS 
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1 TO 
2 TO 
3 TO 
4 TO 
5 TO 
6 TO 
7 TO 
8 TO 

16 
15 
14 
13 
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11 
10 
9 

JUMPER IN/OUT 

IN 
IN 

OUT 
OUT 
OUT 
OUT 
OUT 
IN 

I NPR LATENCY W18 IN 

\ MXF ENABLE 

\ 

\ 

I 

W19 IN 

M7296 JUMPERS 

USUS.B DISABLE WI NORMALL'f IN E66 
JUMPER JUMPER IN/OUT 

64 SILO I TO 16 
BUS HOG DISABLE 2 TO 15 
ONE CYCLE 3 TO 14 
32 SILO 5 TO 12 
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W1 
W2 
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IN 
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Figure 7-9 Jumper Summary 
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RH11 
(CABLES MARKED CONTROLLER Al 

MASSBUS CABLE A OUT 

EACH CABLE 
MUST HAVE A 
HALF TWIST 

M5904 (C/D04) ~ 
MASSBUS CABLE BOUT 

M5904 (C/D05) t-----------....... --r-
MASS BUS CABLE C OUT J I 

M5904 (C/D06) ~----------------~~--r-~--<~ 

EACH CABLE 

1 
RIBBED SURFACE OF CABLE 
MUST FACE UP AT THIS END 

MID-BUS TM02 
(CABLES MARKED CONTROLLER B) 

MUST HAVE A MASS BUS CABLE A OUT 
HALF TWIST "" 

MASSBUS CABLE A IN 

~ ~M-A-SS-B-U-S-C-A-B-L-E-B--O-UT~ 

~R- MASSBUS CABLE C OUT 

M5903 (A/B05) 

(A/B04) M5903 

MASSBUS CABLE B IN 

MASSBUS CABLE C IN 

M5903 (A/B06) 

j j 
RIBBED SURFACE OF CABLE 
MUST FACE UP AT THIS END 

SMOOTH SURFACE OF CABLE 
MUST FACE UP AT THIS END 

MASSBUS CABLE A IN 

MASSBUS CABLE B IN 

MASSBUS CABLE C IN 

j 

END OF BUS TM02 
(CABLES MARKED CONTROLLER B) 

M5903YA (A/B04) 

M5903YA (A/B05) 

M5903YA (A/B0S) 

SMOOTH SURFACE OF CABLE 
MUST FACE UP AT THIS END 

Figure 7-10 RHII/TM02 Massbus Cabling Diagram 
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TM02 TO FIRST TU16 

TM02 
CABLE A OUT 

M8907 (AB01) t--------.,/ 

CABLE BOUT 

M8908YA (AB02)t-______ -.,~ 

CABLE C OUT 

M8908 {AB03)1--_____ ~ 

'-----,----

MID-BUS TU16 

( MULTI TRANSPORT SYSTEM) 

FROM TM02 OR 
PREVIOUS TU16 

CABLE A IN 
TU16 

____ --I M9001 (AB01) 

CABLE BIN 

-------t M8913 (CD01l 

CABLE C IN 

M9001 YA (EF01l 
IN 

1. SMOOTH SIDE OF CABLE UP 

2 RED LINE TOWARD MODULE HANDLE 

3. NO CONTROLLER DESIGNATION 

4, DIRECTION DESIGNATION "IN" 

END-OF-BUS TU16 

1. SMOOTH SIDE OF CABLE UP 

FROM TM02 OR 
PREVIOUS TU16 

2. RED LINE TOWARD MODULE HANDLE 

3. NO CONTROLLER DESIGNATION 

4. DIRECTION DESIGNATION "IN" 

J 
CABLE A IN 

CABLE B IN 

l 
CABLE C IN 

TO FIRST TU16 

1. SMOOTH SIDE OF CABLE UP 

2. RED LINE TOWARD MODULE HANDLE 

3. CONTROLLER DESIGNATION "8" 

4. DIRECTION DESIGNATION "OUT" 

CABLE A OUT 

CABLE BOUT 

TO NEXT TU16 

CABLE C OUT 

OUT 

1. RIBBED SIDE OF CABLE UP 
2. RED LINE TOWARD MODULE HANDLE 
3. NO CONTROLLER DESIGNATION 
4. DIRECTION DESIGNATION "OUT" 

5. HALF TWIST IN CABLE BETWEEN 
THIS AND NEXT TU16 

--
TU16 

M9001YB (AB01l 

M8913YA (CD01) 

M9001 YC (EF01) 

,,- 2802 

Figure 7·11 TM02/RH16 Slave Bus Cabling Diagram 
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7.4.5 \1arkup of Massbus and Slave Bus Cables 

Both surfaces of each end of the Massbus and slave bus 
cables are stamped as shown in Figure 7-12. The stamps are 
marked up to indicate cable designations at the time the 
cables arc installed. Mark the BC06R Massbus cables as 
follows when installing them: 

1. 

2. 

3. 

Cross out the designation THIS SIDE UP on the 
under side of the cable. 

Cross out the CONTROLLER designation that 
does not apply. Cross out B when plugging into 
the RBI 1 and cross out A when plugging into 
the TM02. 

Cross out the CONNECTOR MODULE designa­
tions that do not match the cable letter being 
used. 

4. Cross out IN for the output cables and cross 
out OUT for the input cables. 

THIS SIDE UP 

\d\ilg\i\tlall\ 
PART NO. 

~ 
~ 
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Figure 7-12 Massbus Cable Stamp 

Figure 7·13 shows an example of a cable that is marked up 
to be plugged into the M5903Y A module in slot A/B06 of 
an end-of-bus TM02. 

THIS SIDE UP 

PART NO. 

BC06R-10 

RED LINE MUST BE 
ON SIDE CLOSEST 
TO MODULE HANDLE 

SMOOTH SIDE UP 
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Figure 7-13 Marked-Up Massbus Cable 

7.5 DIAGNOSTIC MAINTENANCE 
The diagnostic programs described herein are employed 
with the TJU16 system. Refer to the applicable diagllostic 
operating procedures for detailed information. 

7.S.1 Data Reliability Diagnostic DZTUA 
This diagnostic provides for evaluation and debugging of 
magnetic tape drives. The program is capable of exercising 
any tape drive that is compatible with the Massbus and the 
TM02. Any number of drives up to eight (single or 
multi-drive systems) may be tested by a single execution of 
the program. This flexibility is possible because the 
program has no t1xed parameters or testing sequence. The 
entire test plan, including parameters and operating 
sequence, is determined by the operator through responses 
to Teletype@ requests and setting of console switches. 

The program prOvides for testing of all tape drive functions 
such as writing, reading, rewinding, tape positioning, 
EOT - BOT sensing, and assumes a properly operating 
RHII Massbus controller and TM02 tape controller. During 
a test cycle, checks are made for status errors, data errors, 
position errors, word count, and memory address errors 
wherever applicable. 

The program will attempt to perform any operation. 
Therefore, caution should be used to assure that the unit 

@Teletype is a registered trademark of Teletype Corporation. 
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can perform as requested. For example, an attempt to read 
tape that has not been written on, yields unpredictable 
data. However. if a tape has been written with this program, 
it can be read ::IS often as desired without being rewritten. 
This is a good procedure to use for testing tape compati­
bility. 

7.5.2 TM02/TU16 Basic Function Diagnostic DZTUB 
This diagnostic provides for testing all the functional level 
operations of the TM02/TU16 Magtape System. The 
following is a list of all tests in their proper sequence. A 
basic description of each test is provided to aid in 
understanding the error messages associated with each one. 

RHll Tests: The first ten tests will perform basic RHl1 
operations as far as possible without requiring the 
T\102jTU16 itself. 

FTI: 

FT2: 

FT3: 

FT4: 

FTS: 

RH 11 Addressing: This test will ensure that the 
RH 11 will respond without causing a bus trap to 
all TM02 register addresses in sequence starting at 
the address of CSI entered by the operator. 

RH 11 Register Bits Read/Write: This test will 
ensure that all bits of the RHI1 write/read 
registers can be set and reset. 

RHl1 Initialize: This test will ensure that an 
RH 11 initialize (bit S of CS2= 1) will indeed clear 
the RHll errors. 

Silo Test l: Tllis test will ensure that a read from 
an empty silo will cause DLT to set. 

Silo Test 2: Tllis test will ensure that both the JR 
and OR bits will correctly respond to loading of 
the silo with all zeroes followed by a word of all 
ones. 

FT6: Silo Test 3: This test will write and then read the 
entire silo to ensure that data can be properly 
loaded into and read. From the silo the proper 
status of IR and OR are also checked. 

FT7: Silo Test 4: This test will ensure proper RH I 1 
response to silo overflow. 

FTIO: Silo Test S: This test will ensure silo reset by 
RBI 1 iniiialize. 

TM02/TU16 Basic Functions: The following fourtC'C'n tl'sts 
will ensure operation of the Magtape bask functions. 

FTII: NOP Test: This test will ensure that the NOP 
function executes with no error. 

FT 12: Rewind Test: This test will ensure that the rewind 
function will position the tape to BOT with no 
error. 

FTl3: Write/Read Test: This test will ensure that the 
unit under test can write and read in all densities. 

FT14: Space Test: This test will ensure that proper 
positioning is maintained by both space forward 
and reverse. 

FTlS: Erase Test: This test will ensure that the erase 
function will indeed erase ta pes. 

FTI6: Tape Mark Write/Read: This test will ensure that 
a tape mark can be written and read in both PE 
and NRZ. 

FTI7: Tape Mark Space Test: This test will ensure that 
spacing will be terminated by recognition of tape 
mark both in PE and NRZ. 

FT20: Write Check Test: This test checks write check 
forward and reverse in both PE and NRZ modes. 

FT21: Erase Head Test: This test will ensure that the 
erase head itself is operating. 

FT22: Buffered Command: This test will ensure that the 
TM02 will accept and execute another command 
while its selected slave is rewinding. 

FT23: Read in Preset: This test will ensure that unit 0 is 
rewound and set to 800 bpi normal. (only if slave 
o is selected.) 

7-] 8 

FT24: Rewind: Orf line this test will ensure that the unit 
will rewind and go off line. (not if in continuous 
cycle.) 

7.5.3 TM02/TU16 Control Logic Test DZTUC 
This diagnostic sequentially tests all control logic and data 
formatting within the TM02 formatter. Each test will 
attempt to isolate failures to the module level and provide 
printout information that will identify the failing module. 



There are two major areas of testing -- control logic and 
data formatting. The control logic testing will test all error 
and status conditions as well as address protocol and 
operational logic sequences. On the first line, the printout 
will con tain a header which calls out the test number, 
function being tested, and the suspected module or 
modules. The second line will contain information reo 
garding the actual error. Both expected and actual results 
will be givcn. Line three will show the contents of the 
major registers at the time of the error and line four will 
print the iteration number as applicable. 

The data formatting section will test all data formats and 
transfer paths in all possible combinations. These tests will 
print a header containing the test number and a description 
of the wraparound function under test. A list of major 
registers with expected and actual values will follow the 
header. Any bad data will be printed (per character) 
following the register information or following the header if 
no status errors were encountered. 

7.5.4 TM02 Drive Function Timer DZTUD 
This diagnostic measures the time required and the gap sizes 
produced by the TM02/TU16 Magtape Drive. The program 
requires a PDP· 1 I family central processor with 4K 
memory and with up to 64 TMll/TM02 Controller/ 
\1agtape Stations. 

Two types of errors are detected by this program -
hardware errors and incorrect function times. 

7.5.5 TU16 Utility Driver DZTUE 
This diagnostic uses a brute forcc routine to cOlltinul)llsly 
execute an operation or series of operations, regardless of 
the results. Because of the complexity of the TUl6 tape 
system on the Massbus, it is not always possible to provide 
for every contingency in normal programs. Therefore, this 
utility driver will allow an operator to execute anything 
desired in any order. There are no error checks or printouts 
made and. any variation from preset sequences and values 
are made by changing the appropriate memory locations: 

The program requires the operator to have knowledge of 
the TU16 tape system as operated with the RH 11 Massbus 
controller. The operator must be able to decide which 
sequence of operations is required and values to assign to 
the various parameters required to execute them. 

7.5.6 Data Tape Create DZTUF 
This diagnostic is not a test program but a supplement to 
both the TMll/TUlO and TM02/TU16 data reliability 
programs. The purpose of this supplement is to allow the 
operator to create a paper tape of whatever data pattern is 
desired and is used by the data reliability programs when 
data pattern zero is selected. 
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APPENDIX A 
INTEGRATED CIRCUIT DESCRIPTION 

A.I INTRODUCTION 
This appendix contains descriptions of some of the integra­
ted circuits used in the RH 11. Where applicable, logic 
diagrams, schematics, and pin connection diagrams are 
shown. 

A.2 3341 64-WORD X 4-BIT SERIAL MEMORY (SILO) 
TIle 3341 Silo Memory operates in a first in/first out mode 
(FIFO). The output rate is independent of the input rate 
and asynchronous or synchronous operation can be 
achieved. 

The four data inputs (DO through D3) are transferred to the 
first memory location if both the Input Ready (lR) and 
Shift In (SI) signals are asserted high (see Silo Memory 
Block Diagram). After 250 ns to allow the data to stabilize, 
IR goes low. However, data remains in the first memory 
location until both IR and SI are brought low. At this 
point, the data propagates to the next memory location, if 
the location is empty. When the data is transferred, IR goes 
high, indicating that the device is ready to accept new data. 
If the memory is full, the IR signal remains un asserted 
(low). 

When data enters the second cell, the transfer of any data 
word from a full cell to the next empty cell is automatic 
and is activated by an on-chip control. Consequently. data 
stacks up at the output to the memory while empty 
locations "bubble" to the input of the memory. The 
throughput time from input to output of the Silo is frolll 0 
to 32 J.1.s (16 J.1.s typical). 

When data has transferred to the last cell ill the Silo. 
OUTPUT READY (OR) is asserted high. indicating that 
valid data is present at the output pins (MO through M3 on 
each chip). Data is not shifted out of the Silo. however, 
until the OUTPUT READY and SHIFT OUT signals to the 
Silo are both asserted high. When the data is shifted out, 
OUTPUT READY goes low. The output data is maintained 
until both OUTPUT READY and SHIFT OUT go low. At 
this point, the contents of the previous memory cell (if it is 
full) are transferred to the output cell, causing OUTPUT 
READY to be asserted high again. When the Silo memory is 
emptied, OUTPUT READY stays low. 

Table A-I lists the minimum, typical, and maximum times 
for the above mentioned signals at 0° (' and at 70° C. 

Table A-I 
Control Signal Timing Specifications 

0° 70° 
Signal MIN TYP MAX MIN TYP MAX 

Input Ready High Time 90 300 - 155 300 450 
Input Ready Low Time 138 400 -- - 400 520 
Data Input Stabilizing Time - 250 - - 250 400 
Data Output Stabilizing Time - 250 - - 250 400 
Output Ready High Time 90 250 - 155 250 350 
Output Ready Low Time 170 450 - - 450 650 
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64 WORD x 4 BIT SILO MEMORY 

DATA 
INPUT 

INPUT 2 
READY "'::~i----I 

SHIFT ----!::3~_-~ 
IN 

SILO 
INPUT 
STAGE 

(I) 

INPUT 
CONTROL 

LOGIC 

MAIN SILO 
REGISTER 

(62) 

MAIN REGISTER 
CONTROL 

LOGIC 

9 
MASTER 
RESET 

A·2 

SILO 
OUTPUT 

STAGE 
(J) 

DATA 
OUTPUT 

OUTPUT .... _~~15.:.... __ SHIFT OUT 

.CONTROL 14 
LOGIC ~-~~!..-..... OUTPUT READY 

VGG 
INPUT 
READY 

SHIFT IN 

00 

0 1 

Vss 
SHIFT OUT 

OUTPUT 
READY 
MO 

JMI 

O2 M2 

03 M3 
VOD MR 

PIN CONFIGURATION FOR EACI-' 3341 
SILO CHIP 11- 2426 



A.3 7442 4-LINE-TO-lO-LINE DECODERS (I-of-lO) 
These monolithic decimal decoders consist of eight inver­
ters and ten 4-input NAND gates. The inverters are 
connected in pairs to make BCD input data available for 
decoding by the NAND gates. Full decoding of valid input 
logic ensures that all outputs remain off for all invalid input 
conditions. 

The 7442 BCD-to-decimal decoder features familiar 
transistor-transistor-Iogic (TTL) circuits with inputs and 
outputs that are compatible for use with other TTL and 
DTL circuits. 

TRUrH TABLES 

BCD Input Decimal Output 

D C B A 0 1 2 3 4 5 6 7 8 9 
0 0 0 0 0 I I 1 1 1 1 1 1 1 
0 0 0 I I 0 I 1 I I 1 1 1 1 
0 0 1 0 1 1 0 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 0 1 1 1 1 1 1 
0 1 0 0 1 1 I 1 0 1 1 1 I 1 
0 1 0 1 1 1 I 1 1 0 1 1 1 1 
0 1 1 0 1 1 1 1 1 1 0 1 I 1 
0 1 I 1 I I 1 1 1 1 1 0 I I 
1 0 0 0 1 1 1 1 1 1 1 1 0 1 
1 0 0 1 1 1 1 1 I 1 1 1 1 0 
1 0 1 0 1 I 1 I 1 1 I 1 1 I 
1 0 1 1 1 1 1 1 1 I 1 1 I I 
I I 0 0 I 1 1 1 1 1 1 1 1 1 
1 1 0 1 1 I I I 1 1 1 I I I 

I 1 1 0 I 1 I I 1 1 1 1 I I 

1 1 1 1 1 1 1 1 1 1 ] I 1 1 

INPUT A 

OUTPUT 1 

OUTPUT 4 

OUTPUT ~ 

INPUT C 

.-t-+++-+ A 

.>O---=---t-+-++.~ +·~iD--.-OOUTPUT 6 

A 

OUTPUTS 

It-On3 INPUT D~----~ 
C --oOUTPUT 7 
B 

OUTPUT 9 
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A.4 7485 4-BfT MAGNITUDE COMPARATORS 
The 7485 performs magnitude comparison of straight 
binary and straight BCD (8421) codes. TIuee fully decoded 
decisions about two 4-bit words (A, B) are made and are 
externally available at three outputs. 

TRUTH TABLE 

:--------COMPARING -------- - ---_ ... _--_._-_._----_.,-_._._--_ .. _ •... _ ..• _ ... _._ .......... ---.---.-.. - ._--., 
CASCADING 

INPUTS INPUTS 

~=~3, B3-~~2 f A1,~~=.T~~o. s(-
, A3 .... 83 I X X X 
I I 
, AJ' 83 I X x x 
! A3 = 83 I A2 > 82 X X 

A3=83 I A2<82 I X X 

A=~~=~A~. I~~. 
X x I x 
x x x : A3=B3 : A2=82! A1 >81 X 

A3 = 83 , A2 = 82 A 1 <.. B 1 X X X X 

A3 = 83 A2 = 8]21 = B 1 AO' BO X X X 
A3=B3 A2-82 A1=Bl AO<BO X X X 

, A3 = B3 A2 = B2 A 1 = B 1 AO = BO H L L 

A3=B3 ,A2=B2 A1=Bl AO=BO L H L 

_~~-=-.~~ _L_~~_~2 A 1 _~':.1__ AO._-_B_O_-'--._L_---L __ L_---L __ H 

"<OT E H c h'gh lellel, L = low level, X = i,.relevant 

:;:qr~;:·· 
I i I .. If 

!.. : I r' ~·t-
: 4 

"~'2'+I~' t·~ H] <>--+. t i- L .r 
'I", I ,. --'-'-1 
{21 ' 

,~A :::~ ~. -. ·t·--- _. 
,A ·e· 'N ~~1 + -- ..... -t-! 

! r . 

"J' tl 1.1 AtQ--_ -t-.. 
81 0----+ .~. 

'1\'1 ! I - -···-t I: I 

! i : r ,+ 

lit . H~ 
.,~ ... ·~.~·l. 
""~I-·{l21 

Pin (16) = Vee. Pin (8) = GND 

- ...•. -----.. --.~--·····-L/l 
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A.S 8223 2S6-BIT BIPOLAR FIELD-PROGRAMMABLE 
ROM (32 X 8 PROM) 
The 8223 is a TTL 2S6-bit read only memory organized as 
32 words with 8 bits per word. The words are selected by 
five binary address lines; full word decoding is incorporated 
on the chip. A chip enable input is provided for additional 
decoding flexibility, which causes all eight outputs to go to 
the high state when the chip enable input is high. 

:32 X 8 ARRAY 

Vee • (16) 
GND=( 8) 
( ) II DENOTES PI N NUMBERS 

A-S 
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A.6 8234 2-INPUT 4-BIT DIGITAL MULTIPLEXER 
This device is a 2-input, 4-bit digital multiplexer designed 
for general purpose, data selection applications. TIle 8234 
features inverting data paths. TIle 8234 design has open­
collector outputs which permit direct wiring to other 
open-collector outputs (collector logic). 

(I) (2) (6) (5) (10) (11) (15) (14) 

So S, 

0 0 

1 0 

0 t 

I I 

vee • (16) 
GNO·(8) 

fn 

B 

A 

! 
1 

( ) • DENOTES PIN 
NUMBERS 

A-6 
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A.7 8242 EXCLUSIVE-NOR 4-BIT DIGITAL 
COMPARATOR 
The 8242 digital comparator circ~it consists of four 
independent Exclusive-NOR gates with each gate structure 
having an open-collector output to permit multiple bit 
comparisons. A 4-bit comparator network is formed by 
connecting the independent outputs; such a network is 
easily expanded by cascading the outputs. 

I 
I 
I 
I 
I 
I 
I 
I 
L_ 

A or F PACKAGE 
14 13 12 11 10 9 8 

1234567 

81 

to 

A2 82 

A-7 

a PACKAGE 

14 

13 

12 

11 

10 

9 

8 

1\ -04 7 4 

l 
I 
I 
I 
I 
I 
I 
I 

_-.J 

TRUTH TA8LE 

A B f 

0 0 1 
1 0 0 
0 1 0 
1 1 1 
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A.8 74157 QUADRUPLE 2·LINE TO I·LINE 
MULTIPLEXER 
The 74157 quadruple 2·line to I·line multiplexer features 
buffered inputs and outputs. All outputs are low when 
disabled (enable high). The truth table and logic diagram 
are shown below. 

--
INPUTS OUTPUT V --

SN54/74157, 

ENABLE SELECT A B SN54Sn4S157 

H X X X L 

L L L- X L 

L L H X H 

L H X L L 

L H X H H 
'---. --'---
H = high level, L = low level, X = irrelevant 

'AoE~)--------------~ 
(3) 

lBo-----__ ~------~~-~ 

2Bol6-)----~----4_~~ 

("14) 
3AO-------r-----r-~ 

(13) 
3Bo-------r---~~~ 

4A (11) 

4B (10) 

SELECT 

OUTPUTW 

SN54Sn4S158 

H 

H 

L 

H 

L 

Pin 16 = Vce' Pin 8'" GND 
ENABLEo-------~ 

Pin (16) = Vee. Pin (8) = GND 
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1Y 

2V 

4V 



A.9 74174 HEX D-TYPE FLIP-FLOPS 
The 74174 contains six flip-flops with single outputs. The 
flip-flops contain direct clear inputs and buffered clock 
inputs. 

INPUT 
In 

0 
H 
L 

OUTPUTS 
In+ 1 

a a 
H L 
L H 

tn = Bit time before clock pulse. 

tn+1 ... Bit time after clock pulse. 

A 0-;,1.;.;.31 _______ -..1 OA 

0-;,1...;41 _____ -+--+--.I 08 08 151 08 

161 171 
Oc Oc 

1111 1101 
00 00 oo-------__ ~~ 

1131 

O-I-l • ..;,..I-----4-4~OF OF 11S1 OF 

CLOCK 

CLEAR 

Pin (16) = Vee. Pin (8) = GND 
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A.10 74175 QUAD D-lYPE FLIP-FLOPS 
The 74175 contains four Ootype flip-flops with dual 
outputs. Each flip-flop has direct clear and buffered clock 
inputs. 

i"'Pl;T I OUTPUTS: 

t 
t~ +1 otn+_l0 i 

--_~- --l-_-~-. - L 1 
- - -- .. -~--J 

In ~ Bit time before clock Dulse. 

1:n+ 1 = Bit time after clock Dulse. 

I~I 
80--------

tl1l 
co----.--

!131 
DO~------·-_+~~ 

fLOCK 
'91 

ClEAH ~.4--.--~ 
Pin (16) = Vee. Pin (8) = GND 
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A.II 74180 PARITY CONTROL GENERATOR/ 
CHEC~R 

The 74180 is an 8-bit parity generator/checker featuring 
odd and even outputs and control inputs to provide odd or 
even parity operation. Word length is expandable by 
cascading. The truth· table, pin connection diagram, and 
functional block diagram are shown below. 

INPUTS ---..\ 
o 

5 4 3 2 

6 0 

EVEN ODD I I 
7 INPUT INPUT EVEN ODD 

~ EVEN ODD I·EVEN I·ODD GND 
INPUTS INPUT INPUT OUTPUT OUTPUT 

o 

TRUTH TABLE 

INPUTS 

IOF1'sAT EVEN ODD o THRU 7 

EVEN , 0 

ODD , 0 

EVEN 0 1 

ODD 0 , 
X , 1 

x 0 0 

X= IRRELEVANT 

, IEVEN 

DATA 
INPUTS 

6 
7 

ODD 
INPUT~----------------------------~ 

EVEN~------------------------------~ 
INPUT 

A-II 

OUTPUT 

IODD 
OUTPUT 

OUTPUTS 

I I 
EVEN ODD , 0 

0 , 
0 , 
1 0 

0 0 

1 , 
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A.12 74193 4-BfT BINARY COUNTER 
The 74193 binary counter has an individual asynchronous 
preset to each flip-flop, a fully independent clear input, 
internal cascading circuitry, and provides synchronous 
counting operations. 

COUNT UP COUNT DOWN 

X X 

CLOCK H 

H CLOCK 

LOAD 

L 

H 

H 

H = high level, L = low level, X ., irrelevant 

Signal/Pin Designation 

MODE 

Parallel Load 

Count Up 

Count Down 

Signal Name Pin Designation 

DATA INPUT A 15 
DATA INPUT B 1 
DATA INPUTC 10 
DATA INPUT D 9 
CLEAR 14 
LOAD 11 
DOWN COUNT 4 
BORROW OUTPUT 13 
CARRY OUTPUT 12 
UP COUNT 5 
OUTPUTQr\ 3 
OUTPUT Q8 2 
OUTPUT Qc 6 
OUTPUTQD 7 



DATA 
INPUT A 

DOWN 

COUNT 

UP 

COUNT 

DATA 
INPUT B 

DATA 
INPUT C 

A·13 

AlJRH{)W 
-----~ OUT ru 1 

CARRY 
OUTPUT 

OUTPUT QA 

OUTPUT 0B 

OUTPUT 0c 

OUTPUT 0D 



A.13 74197 50 MHz PRESETTABLE DECADE AND 
BINARY COUNTERS/LATCHES 
This high-speed monolithic counter consists of four dc 
coupled, master-slave flip-flops which are internally inter­
connected to provide a divide-by-two and a divide-by-eight 
counter. The counter is fully programmable; i.e., the 
outputs may be preset to any state by placing a low on the 
count/load input and entering the desired data at the data 
inputs. The outputs will change to agree with the data 
inputs independent of the state of the clocks. 

when the count/load is low, but will remain unchanged 
when the count/load is high and the clock inputs are 
inactive. 

During the count operation. transfer of information to the 
outputs occurs on the negative-going edge of the do(k 
pulse. It features a direct clear which, when taken low, sets 
all outputs low regardless of the states of the clocks. 

This counter may also be used as a 4-bit latch by using the 
count/load input as the strobe and entering data at the data 
inputs. TIle ou tputs will directly follow the data inputs 

J OR III DUAL-IIII-LiNE OR 
W FLAT PACKAGE 

(TOP VIEW)· 

DATA INPUTS 

Vee CLEAR 00 s 

'-C • A 0A 

DATA INPUTS 

CLOCK 
Os I 

CLOCK GND 
2 

ASYNCRONOUS INPUT LOW INPUT TO CLEAR SETS QA 
Qs.Qc AND 0 LOW. 

.p," ossionmlnt. for thin circuli. are thl .om. for oil pockoO". 
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SN74197 TRUTH TABLE 
(See Note A) 

COllnt 
Output 

QD QC Q8 Q A 

0 L L L L 
1 L L L H 
2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 L H H L 
7 L H H H 
~ II L L L 
9 H L L H 

10 H L H L 
II H L H H 
12 II H L L 
13 H H L H 
14 H II H L 
15 II H H H 

NOTE A: Output Q A connected to clock-2 input. 
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DATA A o------------------~ 

COUNT/LOAD ~-----,."" 

CLEAR~ PRESET 
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PRESET 
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DATA C 

DATA 0 0>------------+-4_-1 
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Reader's Comments 

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of 

our publications. 

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 

written, etc.? Is it easy to use? 

What features are most useful? 
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Does it satisfy your needs? 
Why? ________________________________ ___ 
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