


































































































































































































5.4.2 Unit Number and Status Register 

E24, E32, and E4l on page 4 of the schematics make up a l6-bit 
buffer that is enabled by the signals RD and ENB MISC REG. ENB 
MISC REG is peripheral chip select line 5 (PCS5) from the 80186. 
The unit number and status register provides a TMSCP unit number 
for the controller, as set in the switch pack at E3l; as well as 
eight status bits that reflect the status of the controller. The 
assigned bits in the unit number and status register are listed in 
the following chart, and detailed in the following subsections. 

DATAO 
DATAl 
DATA2 
DATA3 
DATA4 
DATA5 
DATA6 
DATA7 

SA write initialization 
IP read initialization 
Drive erase 
Drive write gate 
Q-bus interrupt request 
Q-bus interrupt request done 
Q-bus memory parity error 
Drive cable in 

DATA8-------------------LSB 
DATA9 
DATAlO 
DATAll ---------TMSCP 
DATA12 Unit number 
DATA13 
DATA14 
DATA15------------------MSB 

5.4.2.1 SA Write Initialization (High True) -- DATAO -- This bit 
is a flag that indicates to the 80186 that the UfQ Port Protocol 
has written to the SA register and that the controller should 
respond as TMSCP requires. 

5.4.2.2 IP Read Initialization (High True) -- DATAl -- This bit 
is a flag that indicates to the 80186 that the UfQ Port has read 
the IP register and that the controller should poll the command 
rings in CPU memory as TMSCP requires. 

5.4.2.3 Drive Erase (Low True) DATA2 -- This bit is for 
diagnostic use. It determines whether the 80186 can set and reset 
the Drive Erase signal through the drive erase circuitry. The 
80186 generates this signal through the miscellaneous control 
register and reads it back through the unit number and status 
register. 

5.4.2.4 Drive Write Gate (Low True) DATA3 -- The 80186 
generates this signal through the miscellaneous control register 
already explained. The read back capability through the unit 
number and status register is for diagnostic purposes, to check 
that the 80186 can set and reset the bit. 
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5.4.2.5 Q-bus Interrupt Request (Low True) DATA4 A 
diagnostic loopback signal that lets the 80186 check that it can 
set and reset its Q-bus Interrupt Request (Host CPU Interrupt 
Request) through the Q22 Bus register. 

5.4.2.6 Q-bus Interrupt Request Done (Low True) -- DATAS -- This 
bit indicates to the 80186 that its Q-bus interrupt request has 
been serviced and that the host has read the interrupt vector into 
the CPU. 

5.4.2.7 Q-bus Memory Parity Error (Low True) -- DATA6 -- This 
flag indicates to the 80186 that a parity error occurred during a 
Q-bus memory transfer, and that the 80186 should transfer the data 
block again. 

5.4.2.8 Drive Cable In (High True) DATA7 -- This signal 
indicates to the 80186 that the cable to the drive is connected. 

5.4.2.9 Unit Number (High True) -- DATA8-DATAl5 -- These eight 
lines are connected to switch pack E31. The user can set the 
switches to reflect a unit number for each controller board in a 
system, per TMSCP. The 80186 reads the unit number and status 
register bits DATA8-DATA15, and returns the information to the 
host CPU via TMSCP. 

5.4.3 vector Register (High True) 

The vector register is a l6-bit register that consists of E50 and 
E56 (74LS646 bidirectional 8-bit registers) {6-A7, C7}. This 
register is a multifunction register, and serves as the vector 
register, the SA register, and the DMA data register. This 
section details the functions of the vector register only. 

The 80186 loads the vector register with the Q-bus Interrupt 
Vector. The value of the vector address is loaded by the ufQ Port 
Protocol on initialization {TS DALO-TSDAL15}. When the controller 
interrupts the host CPU, the host enables the interrupt vector 
onto the Q-bus at the appropriate time, as required by the ufQ 
Port Protocol. 

The register is loaded and enabled through the PAL at E45 {6-D5} 
of the schematics. The PAL decodes the signals WR and ENB SA REG 
to generate the signal CLK A, which loads the register with the 
vector. To enable the vector onto the Q-bus, the signal vector is 
decoded, which generates the signal ENA from the PAL. This 
signal is connected to the vector register, and is the Enable 
signal that lets the vector be placed on the Q-bus. 
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5.4.4 Hardware Revision Register (High True) 

This register, which is a buffer for the 80186 bus, lets the 80186 
read switch pack E38 (4-C7). The switch pack is set at the 
factory and reflects the hardware revision level of the 
controller, as required by TMSCP. The hardware revision level 
register consists of two 74LS240 drivers at E32 and E41. The 
following chart shows the relationship of the switch pack to the 
80186 data bus. 

5.4.5 

DATAO 
DATAl 
DATA2 
DATA 3 
DATA4 
DATA5 
DATA6 
DATA 7 

SWl 
SW2 
SW3 
SW4 
SW5 
SW6 
SW7 
SW8 

SA Register 

LSB 

MSB 

The SA register is part of the U/Q Port Protocol, and is used to 
initialize the controller and return status to the host cpu. 

To initialize the controller, the U/Q Port Protocol uses the SA 
register to send the vector address, command and response ring 
address, and to inform the controller how long the rings are. 

The SA register consists of the two 8-bit multifunction chips at 
E50 and E56 (6-C7, B7). These two registers also make up the 
vector register discussed in Section 5.4.3, and the DMA data 
register (Section 5.5.5.2) 

The PAL at E45 controls SA register loading and enabling, as it 
does the vector register. The SA register is a bidirectional, 
latched register. It consists of two sets of registers: one loaded 
and enabled in one direction, and one loaded and enabled in the 
other direction. This configuration allows the 80186 to write to 
one register, which the Q-bus can read; and lets the Q-bus write 
to the other register, which the 80186 can read. 

The 80186 writes to the SA register by generating the signals ENB 
SA REG and WR, which the PAL at E45 decodes to generate CLK A. 
CLK A enables the 80186 to write data to the SA register. The 
80186 reads the SA register by generating the signals ENB SA REG 
and RD, which the PAL decodes to generate ENA and DIR. ENA and 
DIR enable the contents of the SA register onto the 80186's data 
bus. 
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The following sequence occurs when the CPU writes to the 
controller's SA register. 

1. PAL at E40 (sheet 5) decodes MATCH, TS DAL, RSYNC, and 
RDOUT to generate WR SA REG. 

2. PAL at E45 decodes WR SA REG to generate CLK 8. 

3. CLK 8 enables the host CPU to write to the SA register. 

The combination of MATCH, TS OAL, RSYNC, and ROOUT generates WR SA 
REG through the PAL at E40 (5-87). The 80186 monitors the signal 
SA WR INIT continually in a polling loop. When the 80186 finds 
this flag set, it responds as required by TMSCP. 

The following occurs when the CPU reads the controller's SA 
register. 

1. The PAL at E40 (5-87) decodes MATCH, TS OAL 1, RSYNC, and 
ROIN to generate RO SA REG. 

2. The PAL at E45 (6-05) decodes RO SA REG to generate the 
signals ENA and OIR. 

3. ENA and OIR enable the contents of the SA register onto 
the Q-bus transceivers at E44, E49 (1-82,02), E53, and 
E54 (1-84, 04). INIT SA RO from the PAL at E45 enables 
the data through the transceivers to the host CPU. 

The combination of MATCH, TS OAL 1, RSYNC and ROIN are decoded by 
the PAL at E40 to generate RO SA REG. 

After power-up 
register always 
register until 
This prohibition 
low to disable 
from transmitting 

or after a WRITE IP REGISTER command, the SA 
contains zero. The CPU reads zero from the SA 

the 80186 has loaded it with the correct value. 
is accomplished by keeping the INIT SA RO"signal 
the OC005 transmitters (E44, E49, E53, and E54) 
data onto the Q-bus. 

For further information about the SA register, refer to the U/Q 
Port Protocol Specification. 

5.4.6 IP Register 

Logically, the IP register is part of the TMSC Protocol. 
Physically, however, it is not a register on the M7546 controller. 
The 80186 must only decode whether the host CPU has written to or 
read from the IP register I/O location, and then respond as TMSCP 
requires. 

The PAL at E40 on page 5 of the schematics decodes the signals 
MATCH, TS OAL de-asserted, and RSYNC to generate the signal IP REG 
SEL. 

5-15 



The following sequence occurs when the host CPU reads the IP 
register. 

1. The signals ROIN and IP REG SEL generate the flag IP RO 
INIT, which the 80186 can read through the miscellaneous 
control register E41 (4-C6». The 80186 then takes the 
appropriate steps as required by the U/Q Port Protocol, 
after detection of the flag. 

2. The flag stays set until the 80186 clears it through 
assertion of the signal CLR IP INIT, generated through 
the miscellaneous control register E35 (4-06). 

The following sequence occurs during a CPU write to the IP 
register. 

1. The signals IP REG SEL and ROOUT are used to set the 
power-up reset circuitry to initialize the controller, as 
part of the U/Q Port Protocol. 

For further information about the IP register, refer to the U/Q 
Port Protocol Specification. 

5.4.7 Module Starting Addresses/Interrupt Vectors 

Any M7546 module you install must be set to the correct starting 
address and interrupt vector. The interrupt vector (260) is under 
program control and does not need to be set. The starting address 
of the first TK50 module installed in a system is fixed at 
1774500. Table 5-2 lists the jumper setting for the first M7546 
modules. 

Table 5-2 Common Jumper Pack Settings 

774500 7760404 7760444 

0--0 o 0 o 0 

0--0 o 0 o 0 

0 0 o 0 o 0 

o 0 o 0 o 0 

0--0 0--0 0-0 

o 0 o 0 o 0 

0--0 o 0 o 0 

0 0 o 0 0--0 

0 0 o 0 o 0 

0 0 o 0 o 0 

0 0 0--0 0-0 

Unit Unit Unit 
Number 0 Number 1 Number 2 
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Use Table 5-3 to determine the starting address of modules that 
may be installed in your system. 

Table 5-3 Address/Vector Worksheet 

Option 

KDJll-BC 
MSVll-PL 
MSVll-PL 
MSVll-PL 
MSVll-PL 

DEQNA 
DPVll 
DRVll-JP 
DRVll-JP 
DRVll-B 

DRVll-B 
LPVll 
DLVEI 
DLVJl 
DLVJl 

DZVll 
DHVll 
DMVll-CP 
DUVll 
TQK25 

TQK50 
TQK50 
KLESI-QA 
RLV12 
RQDXl,2 

Check 
Unit 

Module Number 

M8l90 1 
M8067 1 
M8067 2 
M8067 3 
M8067 4 

M7504 
M8020 
M8049 
M8049 
N7950 

M7950 
M8027 
M80l7 
M8043 
M8043 

M7957 
M3l04 
M8064 
M795l 
M7605 

M7546 
M7546 
M7740 
M806l 
M8639 

1 
1 
1 
2 
1 

2 
1 
1 
1 
2 

1 
1 
1 
1 
1 

1 
2 
1 
1 
1 

If In 
System Vector CSR Address (N=177) 

x 
X N72l00 start address=O 

N72l02 start address=5l2 
N72l04 start address=1024 
N72l06 start address=1536 

120 
V 
V 
V 
124 

V 
200 
V 
V 
V 

V 
V 
V 
V 
224 

260 
V* 
154 
160 
154 

N74440 
F 
N64l20 
N64l40 
N724l0 

N72420 
N775l4 
N756l0 
N76500 
N765l0 

F 
F 
F 
N60040 
N72520 

N74500 
N60404 
N72l50 
N74400 
N72l50 

* The vector for additional TQK50 modules becomes a floating 
vector and is set under program control. 

NOTE 
If a module has a floating vector and 
CSR address, additional modules of the 
same type also have a floating vector 
and CSR address. 
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The starting address of any additional TQK50 modules installed in 
your system is a floating address of 17760nnn and is set using the 
jumpers. The floating address of the M7546 module starts at 
17760404 and increments by 4; for example 17760404, 17760410, 
17760414. Table 5-4 shows the floating CSR address of some common 
combinations of devices that require configuration. 

Check off all the devices in the system you want to reconfigure 
and find the column in Table 5-4 that makes the best match. In 
most cases, if you do not install a device listed in the middle of 
the column, the addresses of the devices that follow changes. 
Observe the following rules. 

1. Check each module installed in the system. 

2. Find the column that corresponds to all the installed 
modules, where: 

Number = installed 
*number = may be installed or not. 

NOTE 
When an address is preceded by an *, the 
address of the following device(s) does 
not change. 

3. Assign the floating CSR address according to the 
numbers shown in Table 5-4. The numbers are the last 
three digits of the address for the module. 

Substitute the numbers in Table 5-4 for the nnn in address l776nnn 
to find the floating CSR address for a second TQK50 module. 

Table 5-4 Floating CSR Address Chart 

Option Common Configurations 

DZQ/V 1 100 100 100 100 100 
DZQ/V 2 *100 *100 100 100 100 
DZQ/V 3 *120 120 120 
DPV11 *270 *270 *270 *310 *330 *310 *330 
DMVl1 320 340 360 

Second 
MSCP 334 *354 354 374 374 414 
Second 
TK50 *404 *444 *444 *444 *504 *504 504 
DHV11 440 500 500 500 500 540 540 
DHV11 460 520 520 520 520 
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If the system you want to configure does not resemble the common 
configurations shown in Table 5-4, refer to the following list for 
information. See also your system technical manual; Configuration 
Chapter. 

• The first DUVll CSR address is 17760040. 

• The first DZVll CSR address is 17760100 is no DUVlls are 
present. 

• The first DPVll CSR address is 17760270 if no DUVlls or 
DZVlls are present. 

• The first DMVll CSR address is 17760320 if no DUVlls, 
DZVlls, or DPVlls are present. 

• 
• 

• 
• 

• 

5.4.8 

The first disk MSCP CSR address is always 17772150. 

The second disk MSCP CSR address is 17760334 if no 
DUVlls, DZVlls, DPVlls, or DMVlls are present. 

The first tape MSCP CSR address is always 17774500. 

The second tape MSCP CSR address is 17760404 if no 
DUVlls, DZVlls, DPVlls, or DMVlls are present and no more 
than one disk MSCP is present. 

The first DHVll CSR address is 17760440 if no DUVlls, 
DZVlls, DPVlls, or DMVlls are present and no more than 
one disk MSCP is present and no more than one tape MSCP 
is present. 

Unit Number DIP Switch 

The unit number DIP switch must be set to correspond to the jumper 
setting. The first setting in Tables 5-5 and 5-2 shows the factory 
switch setting that matches the jumper setting for a starting 
address of 17774500. The remaining settings show the DIP switch 
setting for additional modules set for a starting address of 
17760nnn (second device) and 17760nnn (third device) respectively. 

5.4.9 Revision Level Switch Pack 

Make sure the revision level DIP switch matches the revision level 
of the module that is stamped on the back (see Table 5-6). 
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Table 5-5 Unit Number Switch Pack Settings 

Jumper Set Unit Number 
for an Switch Pack Bits 
Address of 1 2 3 4 5 6 7 8 Unit Number Name 

774500 0 0 0 0 0 0 0 0 MUO (first TK50) 
760nnn 1 0 0 0 0 0 0 0 MUl (second TK50 
760nnn 0 1 0 0 0 0 0 0 MU2 (third TK50) 
760nnn 1 1 0 0 0 0 0 0 MU3 (fourth TK50) 

o = switch open 
1 = switch closed 

Table 5-6 Revision Level Switch Pack 

Revision 
Level Switches 
Number 1 2 3 4 5 6 7 8 

0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 
2 0 1 0 0 0 0 0 0 
3 1 1 0 0 0 0 0 0 
4 0 0 1 0 0 0 0 0 
5 1 0 1 0 0 0 0 0 

0 = Switch open 
1 = Switch closed 

Rev Level 0 Rev Level 1 Rev Level 2 

1 - Off 1 - On 1 - Off 
2 - Off 2 - Off 2 - On 
3 - Off 3 - Off 3 - Off 
4 - Off 4 - Off 4 - Off 
5 - Off 5 - Off 5 - Off 
6 - Off 6 - Off 6 - Off 
7 - Off 7 - Off 7 - Off 
8 - Off 8 - Off 8 - Off 
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5.5 Q22 Bus Interface Logic 

This section explains 
M7546 controller: The 
functional block are: 

the fourth major functional block of the 
Q-bus Interface Logic. Included in this 

• • 
• • 

5.5.1 

FPLS Control Logic, 
Q22 Bus Register, 
DMA Address and Data Registers, and 
Q-bus Interrupt Logic. 

FPLS Control Logic 

The 82Sl05 Field Programmable Logic Sequencer (FPLS) at E3 (5-C5) 
works directly with the 80186 to control all Q-bus address and 
data transfer, as well as handling all the timing requirements 
that let the controller work on the Q-bus. 

A DMA transaction on the Q-bus can be divided into three phases. 

Bus mastership acquisition 
Data transfer 
Bus mastership relinquish phase 

5.5.1.1 Bus Mastership Acquisition Phase -- To initiate a Q-bus 
transfer, the 80186 accesses a Q-bus memory location within the 
range accessible by its MCSO line (40000-4FFFF). The FPLS 
recognizes the signal MCSO (ENB QBUS MEM) from the 80186 through 
the synchronized latch E9 (74F374, 5-D7). Assertion of MCSO, with 
Address Latch Enable (ALE), also enables the DMA address through 
the DMA address registers at E5l and E55 (6-B2, C2), to the DC005 
Q-bus transceivers at E44, 49, 53, and 54 (sheet 1). See also the 
section on the Q22 Bus register for information on the upper six 
bits of Q-bus address (16 -- 21). 

The DMA address is now on the inputs of the Q-bus transceivers. 

When the FPLS detects the ENB QBUS MEM signal through the latch, 
it asserts the signal TDMR/TDOUT. Asserting this signal is the 
start of a Q-bus DMA operation. TDMR/TDOUT becomes the DMA 
request signal to the host CPU, BDMR L through the 8881 at E13 
(5-Dl). 

The controller waits for the host CPU to respond to the request 
through assertion of the signal BDGMI L (Bus Grant) on pin AR2. 
BDGMI L becomes DMGI through the 8640 Q-bus Receiver at E7 (5-C8). 
DMGI lets the controller know that it has control of the bus (has 
become bus master) for the duration of its transfer. 
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(ALSOBS7 
WTBT REF) 

SH R-0222-85 

Figure 5-2 Q-bus Timing 

The FPLS sees the Bus Grant signal on its pin 4, and asserts 
TSACK. TSACK enables the Q-bus drivers at E15 (8641), E13 (8881) 
and E23 (8881) (sheet 5 B-1, C-l, D-l), onto the Q-bus, per Q-bus 
DMA protocol. The controller waits until BSYNC Land BRPLY L are 
negated, then asserts BSACK L (E23) and negates BDMR L. The host 
then ends the bus grant sequence. It negates BDMGO L and waits 
for the DMA transfer to be completed. The FPLS handles all bus 
handshaking operations once the 80186 has started the process. See 
Figure 5-2 for Q-bus DMA timing. 

5.5.1.2 Data Transfer Phase -- After a delay to enable the Q-bus 
transfer address through the DCOOS transceivers, the FPLS asserts 
the TSYNC signal, which clocks the address of the transfer through 
the transceivers. This is the address of the DMA slave device 
(memory in this case), which was placed on the transceivers by the 
80186. 

TSYNC asserts the RSYNC signal through the 8641 at E15 (5-Bl). 
RSYNC is connected to the PAL at E40 (5-B7). The PAL generates 
the DAL XMIT signal when it decodes RSYNC. 

During 
signal 
write. 

the address transfer time, the FPLS asserts TDMGO/TWTBT to 
the DMA slave device that the transfer is either a read or 
When TWTBT is a logic 1, the operation is a write. 
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After a delay (see Q-bus transfer timing), the FPLS asserts the 
ENB DATA/FPLS INTR signal to enable data onto the Q-bus, or clock 
data from the Q-bus (depending on whether the transfer is a read 
or write). In the case of a DMA write, ENB DATA/FPLS INTR tells 
the 80186 to gate data from the RAM area, through the transceivers 
at E33 and E46 (2-B2, 2-D2), through the DMA data register at ES6 
and ESO, to the Q-bus transceivers at E44, E49, ES3, and ES4 
(sheet 1). 

In the case of a DMA read from the Q-bus, the FPLS tells the 80186 
to transfer data from the Q-bus transceivers, through the DMA data 
register (in the opposite direction) , through the data 
transceivers at E33 and E46, to RAM. 

During the data transfer, the FPLS decodes Byte High Enable (on 
its input pin 23) and ADRO (on its input pin 24), and asserts 
TDMGO/TWTBT if the transfer is byte-wide. TDMGO/TWTBT is not 
asserted if the transfer is wordwide. 

5.5.1.3 Bus Mastership Relinquish Phase -- The FPLS relinquishes 
its mastership of the bus by negating TSACK, which, through the 
8881 at E23, negates BSACK L to the Q-bus. The FPLS negates this 
signal after completing or aborting the last data transfer cycle. 

5.5.2 Error During Q-bus DMA Transfer 

During the DMA request/grant sequence (Bus Mastership Acquisition 
Phase), the FPLS waits for BRPLY from the slave device. While 
waiting, it de-asserts the ARDY signal, which stalls the 80186 
until BRPLY is negated. If BRPLY does not occur within a 
specified time, a timer (TMRl, or DIAG eLK) in the 80186 times 
out, informing the FPLS that the response did not occur. 

An example of this type of error would be the controller trying to 
access nonexistent memory. 

If the time-out occurs, the FPLS terminates Q-bus transfers by 
de-asserting TSACK and interrupting the 80186 to inform it of the 
error. The 80186 then determines if the error was a Q-bus parity 
error, or if the controller had tried to access nonexistent 
memory. 

If the DMA transfer completes with no errors, the 80186 writes to 
the SA register. The FPLS decodes the SA register write and 
de-asserts TSACK to end the DMA operation. 
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5.5.3 FPLS Interrupt 

An FPLS interrupt can occur during a Q-bus acquisition phase. 
This can happen when the 7201 MPSC chip interrupts the 80186 for 
servicing. In this case, the TSACK L signal (80186 pin 47) had 
been stalling the 80186 while the controller was waiting for the 
bus grant signal (BDGMI). The FPLS monitors interrupts (pin 2) 
during this time, and, if an MPSC interrupt occurs, it withdraws 
the DMA request (BDMR) by de-asserting TDMR/TDOUT, then interrupts 
the 80186. The 80186 clears the FPLS interrupt by reading the 
hardware revision level register (ENB VEC REG) and services the 
MPSC interrupt. 

5.5.4 Q22 Bus Register 

The Q22 Bus register consists of the 74LS273 flip-flop at E19 and 
the 8881 Q-bus drivers at E13, E18, and E23 (sheet 6). The 80186 
uses this register to access up to four megabytes of Q-bus slave 
memory for data transfers. 

The 80186 configures its data bus (DATAO -- DATA5) for the memory 
page it has to access, then performs a write (WR), and at the same 
time, asserts its PCS2 line (ENB Q22 REG). The signal enable 
address (ENB ADDR) enables these bits onto the Q-bus through the 
Q-bus drivers. 

Each time the controller needs to cross a 64K byte boundary, this 
register must be updated before the transfer involved in crossing 
the boundary. The Q22 Bus register cannot be changed during a 
Q-bus transfer, which means that the ~ontroller has to do variable 
length transfers, making sure that it updates the Q22 Bus register 
before crossing a 64K byte boundary. 

In addition to the six upper address lines already mentioned, the 
Q22 Bus register has two more bits under control of the 80186: 
BBS7 and QINTR. 

BBS7 lets the controller access the I/O Page in Q-bus memory; 
QINTR is a Q-bus interrupt request line to the host cpu. This 
signal is normally low, and must be asserted high to initiate a 
Q-bus interrupt to the host. 

The following is a list of the relationships between the 80186 
data bus and the Q-bus bits already mentioned. 

DATAO 
DATAl 
DATA2 
DATA3 
DATA4 
DATA5 
DATA6 
DATA7 

BDAL16 
BDAL17 
BDAL18 
BDAL19 
BDAL20 
BDAL21 
BBS7 
QINTR 
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5.5.5 DMA Address and Data Registers 

5.5.5.1 DMA Address Register -- This register consists of two 
8-bit latches on page 6 of the schematics (74S374s at E51 and E55 

6-B2, 6-D2). Each time the 80186 accesses a Q-bus memory 
location, these registers are loaded with that address (through 
the 80186's transceivers at E33 and E46 -- 2-B2, D2). The FPLS 
controls the timing regarding when the address is loaded onto the 
Q-bus transceivers, but the PAL at E45 provides the signals that 
actually enable the address. The PAL decodes the TSACK, ENBDATA 
(de-asserted) and TDIN (de-asserted) signals, from the FPLS, to 
generate the ENB ADDR (enable address) signal. The FPLS provides 
the correct combination of TSACK, ENB DATA, and TDIN when the 
appropriate signals are asserted on its inputs. 

5.5.5.2 DMA Data Register -- This register consists of the same 
two 74LS646 multifunction registers that make-up the SA and vector 
registers already mentioned. 

During a DMA Write to the Q-bus, the 80186 retrieves data from 
on-board memory, gates it through its bus transceivers with the 
DEN and ENB QBUS MEM signals, and loads it into the DMA data 
register with the CLK A signal. CLK A is generated by the PAL at 
E45 after it has decoded the 80186 signals WR (write) and ENB QBUS 
MEM (enable Q-bus Memory). The contents of the DMA data register 
are enabled onto the Q-bus transceivers with ENA and DIR. ENA and 
DIR are generated by the PAL at E45 when it decodes TSACK and ENB 
DATA (provided by the FPLS at the appropriate time). The FPLS 
provides TSACK and ENB DATA when the appropriate signals have been 
asserted on its inputs. 

During a DMA Read from the Q-bus, the host CPU loads the DMA data 
register (through the Q-bus transceivers). The DMA data register 
is actually loaded by the CLK B signal, which is generated by the 
PAL at E45 after it decodes TSACK and ENS DATA (from the FPLS). 
The FPLS generates TSACK and ENB DATA when the appropriate 
combination of signals on its inputs are asserted. The 80186 
reads the data (through its bus transceivers) by asserting RD and 
ENB QBUS MEM, which the PAL decodes to generate ENA and DIR 
(connected to the DMA data register). 
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5.5.6 Q-bus Interrupt Logic 

When the controller has to interrupt the host CPU, it asserts the 
QINTR signal in the Q22 Bus register logic. QINTR clocks the 
request into the DC003 Interrupt Control Chip at E27, sheet 5 
(pins 17 and 14 are the request and clock, respectively). The 
DC003 then enables BIRQ (pin AL2) onto the backplane of the cpu. 
When the DC003 detects the signal BIAKI (pin AM2) on the 
backplane, and it receives the signal BDIN, it generates Vector. 
The Vector signal is decoded by the PAL at E45, which generates 
CLK A to clock the vector address through the vector register to 
the Q-bus transceivers. 

The PAL at E40 also detects the Vector signal, which it decodes to 
generate XMIT DAL to the Q-bus transceivers. XMIT DAL enables the 
vector address onto the Q-bus for the host CPU to read. 

To initiate another interrupt, QINTR is reset, then set again. 
The DC003 needs the low to high transition to assert BIRQ. 

5.6 TAPE DRIVE INTERFACE 

This section describes the fifth main functional block of the 
M7546 controller. The tape drive interface circuitry consists 
essentially of the 7201 Multi-Protocol Serial Controller (MPSC) 
Chip at E4 on sheet 7, the 26LS31 quad driver at E25, and the 
26LS32 quad receiver at E22. Also included in this section is a 
connector, into which the tape drive signal interface cable is 
plugged. 

5.6.1 7201 Multi-Protocol Serial Controller (MPSC) 

The 7201 MPSC provides the communications interface between the 
drive and the 80186. It communicates commands and status to and 
from the drive and also handles data transfer between the drive 
and the 80186. It accepts parallel data from on-board memory on 
its DO D7 inputs (pins 19 -- 12), then transmits the data 
serially to the drive, via the 26LS31 quad driver at E25. 
Conversely, it accepts serial data from the drive, via the 26LS32 
quad receiver at E22, converts it to parallel format, then sends 
the data to on-board memory through its DO -- D7 outputs (also 
pins 12 -- 19). 

Once programmed by on-board microcode, the MPSC works with the DMA 
control block in the 80186 to transfer data. The MPSC is 
configured so that Channel B is in asynchronous mode for commmand 
and status transfers, while channel A is in synchronous mode for 
data transfer to and from the tape drive. The timing for read data 
transfers is shown in Figure 5-3. 
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On power-up, the MPSC's internal registers are programmed for the 
configuration already mentioned. The registers are altered during 
data transfer, to let the MPSC interrupt the 80186. The MPSC 
interrupts the 80186 under the following conditions: 

1. On detection of a read gap. 
2. First character received, to start read DMA transfers. 
3. Transmit Buffer Empty, to append the CRC on a write to 

the tape drive. 

The MPSC is programmed so that DMA is enabled each time a byte is 
required on a write or read. The MPSC asserts a DMA request (pin 
11 or pin 32, read and write respectively), to one of the DMA 
request lines to the 80186, through E2 and E17 (sheet 7) for DMA 
reads, and E5 and E17 for DMA writes. 

The MPSC interrupts the 80186 when it receives the first 
character, either from the drive or from on-board memory. This is 
the beginning of the DMA transfer. The sequences for DMA read 
(data), DMA write (data) follow: 

DMA Read 

1. The MPSC generates DRIVE DR CMD from its TxDB pin. 

2. The MPSC receives a clock (DRIVE RD CLK) on RxCA (pin 35). 

3. The MPSC receives serial data from the drive (DRIVE RD DATA) 
RxDA (pin 34), through E22. 

4. The MPSC generates a DMA Read Request (RDYA, pin 32) to the 
80186 through E2 and E17. 

5. The 80186 responds with DMA HAl through E6 to enable the MPSC. 

6. The 80186 asserts RD (MPSC pin 22). 
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7. The MPSC sends parallel data via DO -- D7 (pins 19 -- 12) to 
on-board memory. 

8. The MPSC asserts Read DMA Request for each byte, until the 
80186 DMA terminal count is reached. 

Figure 5-3 shows the timing for a DMA read operation. 

DMA Write 

1. The MPSC generates a DMA Write Request (from RDYB). 

2. The 80186 responds with DMA HAl through E6 to enable the 
MPSC. 

3. The 80186 provides WR (MPSC pin 21) and data on DO -- D7 
(MPSC pins 19 -- 12) from on-board RAM. 

4. The MPSC ouputs serial characters for write command 
(DRIVE DR CMD) • 

5. The drive provides DRIVE WR CLK for MPSC input RxCA (pin 
35) • 

6. The 80186 provides DRIVE WR 
miscellaneous control register. 

GATE through the 

7. The MPSC provides serial DRIVE WR DATA from TxDA (MPSC 
pin 37). 

8. 

5.6.2 

The MPSC asserts Write DMA Request for each succeeding 
byte until an 80186 DMA terminal count is reached. 

Differential Drivers and Receivers 

There is one differential driver that sends data and commands to 
the drive and one differential receiver that accepts clocks, data, 
and status from the drive. 

The 26LS31 differential driver at E25 (7-B2) sends the following 
signals to the drive. 

• Serial Drive Write Gate (DRIVE WR GATE) 
• Serial Drive Erase (DRIVE ERASE) 
• Serial Drive Commands (DRIVE DR CMD) 
• Serial Drive Data (DRIVE WR DATA) 
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The 26LS32 differential driver at E22 (7-A7, 7-C7) accepts the 
following signals. 

5.7 

• • • • 

Serial Drive Status (DRIVE DR STATUS) 
Serial Drive Read Data (DRIVE RD DATA) 
Drive Read Clock (DRIVE RD CLK) 
Drive Write Clock (DRIVE WR CLK) 

Diagnostic Hardware 

The last major section of logic on the M7546 controller is the 
gates that have been assigned diagnostic functions. The hardware 
detailed in this section has been specifically provided for 
diagnostic checking of the various logic elements on the 
controller. 

5.7.1 Diagnostic Indicators 

There are two red LEDs on the top edge of the M7546 module. 
LEDI and LED2, controlled by the 80186 through the miscellaneous 
control register (Section 5.4.1), signal pass/fail of the on-board 
microdiagnostics. On power-up, both LEDs light. After the 
power-up diagnostics have completed, LEDI goes out. LED2 goes out 
after TMSCP has successfully initialized the controller. 

When observing the board from the front with the backplane 
connectors on the bottom, the LED on the left indicates the 
diagnostic status and the one on the right indicates the status of 
the port initialization. If the board is mounted in the BA123-A 
enclosure, the diagnostic indicator is on the top, and the port 
initialization indicator is on the bottom. 

5.7.2 Miscellaneous Register Loopback 

Three signal lines in the miscellaneous read register are for 
direct diagnostic feedback to the 80186. This is so the register 
can check that the lines can be set and reset. 

• Drive Write Gate 

• 

• 

This signal is set in the miscellaneous write register by 
the 80186, then checked by the 80186 through the 
miscellaneous read register. 

Drive Erase 
This signal 
register and 
register. 

QINTR 

is also 
checked 

set in 
through 

This signal is set by the 
register and checked by 
miscellaneous read register. 
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5.7.3 7201 MPSC Diagnostic Loopback 

The 7201 MPSC chip can be tested without a tape drive connected to 
the controller. This is accomplished by the 74LS157 quad 
two-to-one multiplexer at E12 (7-C6). Commands sent by the MPSC 
are looped back through this mutiplexer as drive status, and write 
data sent by the MPSC is looped back as read data. 

In this mode, the 80186 asserts the signal DIAG in the 
miscellaneous control register (74LS259 Latch at E35, 4-07). The 
signal DIAG performs the following functions. 

1. DIAG connects write data (from the MPSC's pin 37 -­
TxDA) , through the MUX (pin 13), to the MPSC's input pin 
34 (RxDA). The 80186 sends data out through the MPSC, 
with DIAG asserted, reads it back through the MPSC, and 
compares it to the data originally sent. This checks that 
the MPSC can read and write data through Channel A. 

2. DIAG connects drive commands (from the MPSC's pin 8 -­
TxDB) , around through the MUX (pin 10) to the MPSC's 
input pin 9 (RxDB) for drive status. The 80186 sends 
data out through the MPSC's channel B, then, with DIAG 
asserted, reads it back through the receive section of 
MPSC Channel B. The 80186 compares the data received to 
the data sent. This checks that the MPSC can write and 
read data through its channel B (commands and status 
during normal operation). 

3. When data read/write and command/status diagnostic 
operations are happening, the 80186 is using DIAG CLK to 
clock the data to and from the MPSC. This makes sure 
that the MPSC can accept transmit and receive clocks 
(Drive Read and Drive Write clocks, respectively, during 
normal operation). 

DIAG CLK can 
detect counter 
MPSC can be 
generating an 
detected. 

also be gated through the MUX to the gap 
at EIO (7-06). In this configuration, the 
checked to make sure it is capable of 

interrupt when a gap on the tape is 

This capability also checks the gap detect counter (EIO) 
and the gap detect flip-flop at Ell. The counter 
generates a clock to the gap detect flip-flop on the 
eighth occurrence of DIAG CLK. The gap detect flip-flop 
generates the Gap Detect signal (connected to pin 6 of 
the MPSC). When the MPSC detects the falling edge of Gap 
Detect, it interrupts the 80186 to inform it of the gap. 
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5.7.4 Soft Grounds 

For GR and QV testers, the M7546 controller provides resistors to 
ground on some gates. These can be used by testers to disable 
these gates for testing. The following are the locations of soft 
grounds. 

1. Page 2 of the schematics. The output enable pins (pin 1) 
of the 80186 address latches, by a 68 ohm resistor. The 
enable can be pulled high so the testers can inject any 
address into the latches. 

2. Page 5. The output enable (pin 1) of the 74F374 latches 
at E9. The testers can pull the enable high to inject 
any combination of signals into the FPLS. 

3. Page 7. Connects the enable signal of the MUX at E12 to 
ground with a 68 ohm resistor. The testers can pull up 
the enable signal so they can inject signals into the 
MPSC to test it. 

Figure 5-4 on page 5-32 is a detailed TQK50 block diagram. 

5-31 



(J1 

I 
w 
I\.) 

HOST CPu BUS 
lOBUS) INTERFACE 

OBUS 

6MHZ eLK OUT 

UAAT eLK 

DIAG CLK 

,~ _________________ A_D_D_R/_D~ATABU~S_<_'5_0~> ____________ -'./1 

OMA HAl 

ENB 022 REG 

ENB SA REG 

ENB VEC REG 

ENB MISC REG 

ENB UART 

UART INTA 

ENB ROM 

ENB RAM 

ENB oaus MEM 

DATA < 7.0> 

SA WR IN IT 

IP AD IN IT 

RECEIVER 1/'-----------' ...... 
8640 

& 
8641 

DRV ERASE 

DRV WR GATE 

OINTR 

OINTTR DONE 

MEM PARITY ERROR 

DRIVE CABLE IN 

ENB MISC REG 

HOLD 

TSACK 

ARDY 

Figure 5-4 TQK50 Detailed Block Diagram 

MISC 
STATUS 
REG 

DATABITO 

EN8 MISC REG 

MISC 
eNTRl 
REG 

ENB GAP DETECT 

CLR SA INIT 

CLR IP INIT 

DIAG 

RED LED 

GREEN LED 

OIFF 
DVR 

DIFF 
RECV 

DRIVE 
INTERFACE 

J3 



6.1 GENERAL 

CHAPTER 6 
TUKSO CONTROLLER 

THEORY OF OPERATION 

This chapter describes the TKSO Unibus controller (TUKSO). Many 
of the circuits on this module are similar to the TK50 Q-bus 
controller (TQKSO) described in Chapter 4. Refer to TUKSO Field 
Maintenance Print Set, MP-2059, while reading this chapter. 

This chapter uses the following format to find a particular 
component within the Circuit Schematic (CS). The component name 
and physical location: The PAL at E38. The Circuit Schematic sheet 
number and location zone: l-C6. 

For example, E38 (1-C6) is the PAL at E38, shown on the TUKSO 
Field Maintenance Print Set, MP-2059, Circuit Schematic sheet 1, 
~--~~------~~-------------location zone C6. 

NOTE 
There are several circuits on this module 
that are virtually identical to module 
M7S46 (TQKSO). Generally, these circuits 
encompass the drive interface and 
address/unit number jumpers and switch 
packs. 

6.2 POWER-UP RESET (MP-20S9, CS, SHEET 1) 

The activation of BUS DC LO L or BUS IN IT L causes a signal to be 
asserted at pin 13 of the 16L8 logic array (E38, l-C6). (See 
Figure 6-1.). The output of the array (pin 12) is applied to 
counter E68 (l-DS), which generates MICRO RESET L. The counter 
counts up to eight and resets the 80186 microprocessor (E90, 2-C5) 
and the Field Programmable Logic Sequencer (FPLS), (E61, 8-C5), 
that operates the Unibus circuitry. 

The previously discussed counter reset circuitry is also used when 
the CPU writes to the IP register. This ensures a proper reset of 
all the circuitry on the board as required by TMSCP. The resetting 
of the board by writing the IP register is part of the 
Unibus/Q-bus Port Protocol (see U/Q Port Control Specification and 
Section 6.9.2 of this document). 
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Figure 6-1 Power Up Reset Circuitry 

6.3 MICROPROCESSOR CYCLE TIME (MP-2059, CS, SHEET 2) 

The processor cycle time is derived from a 12 MHz crystal 
oscillator (E89, 2-A7), which is connected through inverter E94 to 
pin 59 of the 80186 microprocessor (Figure 6-2). The 80186 divides 
the 12 MHz signal by 2, resulting in a CLK/2H signal (E90, pin 56) 
of 6 MHz. This corresponds to 166 ns per clock. Since a bus cycle 
consists of four clocks, its duration is 166 ns x 4, or 664 ns per 
cycle. 

6.3.1 Memory Chip Select Lines (MP-2059, CS, Sheets 2 and 3) 

The 80186 microprocessor contains a memory chip select unit that 
is programmed when power is applied. The unit consists of the 
following six memory chip select lines and their corresponding 
addresses. 

LMCS (lower memory chip select) 
MCSO (memory chip select 0) 
MCSl (memory chip select 1) 
MCS2 (memory chip select 2) 
MCS3 (memory chip select 3) 
UMCS (upper memory chip select) 

NOTE 

00000-03FFF (RAM) 
4000-5FFF 
6000-7FFF 
8000-9FFF 
AOOO-BFFF 
F8000-FFFFF (EPROM) 

MCS1, MCS2, and MCS3 are not used. The 
LMCS is connected to the RAM chips (E53 
and E54) from pin 33 of the 80186 and is 
designated ENS RAM L. 

The UMCS is connected to the ROM chips (E48 and E49) from pin 34 
of the 80186 and is designated ENB ROM L (Figure 6-3). 
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Peripheral Chip Select Lines 

The 80186 microprocessor has seven peripheral chip select lines to 
access external devices such as Input/Output (I/O) ports or 
registers. These peripheral chip select lines are memory mapped on 
the M7547 for fast interrupt servicing. 

The hexadecimal memory-mapped locations for these lines follow. 

PCSO 
PCSl 
PCS2 
PCS3 
PCS4 
PCS5 
PCS6 

F800-F87F 
F880-F8FF 
F900-F97F 
F980-F9FF 
FAOO-FA7F 
FABO-FAFF 
FBOO-FB7F 
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The peripheral chip select lines control the following functions. 

PCSO 

PCSl 

PCS2 

PSC3 

PCS4 

PCSS 

PCS6 

Enables writing and reading to the 7201 Multi-Protocol 
Serial Controller (MPSC) control registers. 

Acknowledges read and write direct memory access (DMA) 
operations from the 7201. 

Enables writing to the second miscellaneous register 
MISC2, to load FPLS commands, clear error conditions, 
load word counts, and so on. 

Enables reading and writing of data from the SA register. 

Enables reading of the hardware revision and unit number 
switches. 

Enables writing to the miscellaneous control register and 
reading of the miscellaneous status register. 

Reserved 

The signal names given to the peripheral chip select lines are 
shown in Figure 6-4. 

E90 
80186 
MICRO-
PROCESSOR 

PC36/A2 32 RESERVED 

PC35/Al 31 ENB MISC REG L 

PCS4 30 ENB SWITCH L 

PCS3 29 ENB SA REG L 

PCS2 28 ENB MISC2 REG L 

PCSl 27 DMA HAl L 

PCSO 25 ENB UART L 

SH A-DOl 0-86 

Figure 6-4 Peripheral Chip Select Lines 
(MP-20S9, CS, Sheet 2) 
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6.3.3 Peripheral Control Block 

The peripheral control block defines how the 80186 is programmed 
with respect to the following functions. 

• Memory mapping or I/O mapping 

• DMA transfers 

• Timer/counters 

• Chip select boundaries 

• Interrupt status 

The peripheral control block can be read from or written to at 
anytime. The peripheral control block resides in the following 
microprocessor memory range. 

OFFOO -- OFFFF 

For further information on peripheral control block programming, 
see the TMSCP Controller Firmware Specification. 

6.3.3.1 Internal and External Interrupts -- The 80186 interrupt 
controller is in the peripheral control block. There are two types 
of interrupts: internal and external. The following are examples 
of internal interrupts. 

• Reaching DMA terminal count, or 
• Reaching the maximum count of a timer/counter. 

The following are examples of external interrupts. 

• The 7201 MPSC interrupt, which occurs when the 7201 is 
communicating with the drive. 

• An FPLS interrupt of a Unibus DMA transfer error, such as 
Unibus memory parity error or nonexistent memory error. 

The 7201 MPSC asserts UART INT H through the 7414 inverter at E94 
(9-83). When UART INT H is asserted at pin 44 of the 80186, the 
80186 responds by asserting its INTAI line (pin 41). This 
response is the interrupt acknowledge signal (UART INTA). The 
80186 is configured in cascade mode for assertions of its INTI 
line, so it gives two interrupt acknowledge pulses (INTAs) to the 
MPSC. The first INTA from the 80186 acknowledges receipt of the 
interrupt and tells the MPSC that it is being serviced. The 
second INTA tells the MPSC to place its interrupt vector on the 
80186's data bus (DATA7:0). The MPSC can supply vector addresses 
for interrupt routines to the 80186. 
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Figure 6-5 FPLS Interrupt (MP-2059, 
CS, Sheets 2,4,6,&7) 

The second type of external interrupt, which occurs through the 
FPLS, is not responded to with an INTA by the 80186. This is 
because the 80186 is programmed in noncascade mode for assertion 
of its INT2 line (pin 42). This mode does not supply any 
interrupt acknowledge pulses in response to an interrupt. PCS2, 
which is labeled ENB MISC2 REG, resets the memory parity error 
flip-flop (E27, pin 13 7-B6), and clears the NXM error 
flip-flop (E27, pin 4 -- 6-01) (Figure 6-5). 

There is also a nonmaskable interrupt (NMI) to the 80186 on E48, 
pin 6. This signal monitors ACLO (CV1) on the backplane of the 
CPU, and is an early indication that power is going down and that 
the 80186 should take the appropriate steps to power-down cleanly. 

6.3.3.2 Counter/Timers The 80186 has three general purpose 
counter/timers. The counters are configured in the peripheral 
control block. Timer 0 and 1 both have count enable inputs (E90, 
pins 20 and 21). The inputs are always enabled. Timer 2 is an 
internal-only firmware timer. Its external pins are not connected. 

6-6 



E28 
F/F 

OMA REQUEST ,.......---
LINE E90 
WR ORQ H 80186 

E43 
MPSC 

~~~ET 9 PU10 
MICRO· 
PROCESSOR 

SHEET 9 

PU9 
E28 
F/F 

32 CLK 
SHEET 9 

Figure 6-6 

OMA REQUEST 
LINE 
RO ORQ H 
t-------i 19 

SHEET 2 

SH R-OO' 2-86 

DMA Channel (MP-2059, CS, 
Sheets 2 and 9) 

6.4 DMA CHANNEL (MP-2059, CS, SHEETS 2 and 9) 

The 80186 is equipped with two DMA channels, which include DMA 
request lines (E90, pins 18 and 19). These request lines are 
designated RD DRQ Hand WR DRQ H (Figure 6-6). Each time the MPSC 
requests data to write on tape, the integrated 80186 DMA 
controller moves a byte from RAM to the MPSC until the 80186 
reaches a DMA terminal count. The terminal count is preprogrammed 
into the DMA controller in the 80186. The write and read request 
flip-flops (E28) are cleared by DMA HAl, which is PCSI (pin 27 of 
the 80186). 

On a read transfer, every time the MPSC has a byte ready, the DMA 
controller in the 80186 reads the byte from the MPSC and transfers 
it to RAM. 

The DMA takes 1.33 microseconds, or eight system clocks, to 
perform a transfer. 

6.5 EPROM (MP-2059, CS, SHEET 3) 

The M7547 Unibus controller contains 32K bytes (16K words) of 
EPROM consisting of two Intel 27128 EPROM chips at E48 and E49 
(3-B6, D6). Access to the chips is gained through two address 
latches at E69 and E75 (2-C3, D3). 

Address bits 0 through 14 plus Byte High Enable (BHE) are latched 
into the address latches by ALE H. Either the high byte, the low 
byte, or both can be selected. The BHE and ADRO signals are 
decoded to allow either a byte or a word to be selected. The truth 
table for the decoding follows. 

Word access 
Low byte 
High byte 
No access 

BHE ADRO 

o 
o 
1 
1 

o 
1 
o 
1 
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The 80186 reads data from the ROM through two data transceivers 
(E74 and E81, 2-C2, D2). The Data Enable (DEN) signal from pin 39 
of the 80186 enables the transceivers. 

6.6 RAM (MP-2059, CS, SHEET 2) 

The random access memory (RAM) consists of two 8K by 8 static RAM 
chips. Like the EPROMs, access to the RAM chips is gained through 
the address (E69 and E75) and data (E74 and E81) transceivers. 
Unike the EPROMs, which can only be read, the data transceivers 
can be activated in either direction by the DTR signal. 

The RAM chips connect through the transceivers to the 80186 
microprocessor,. SHE and ADRO access the high and low bytes of the 
RAM by the same method described for the EPROM (see Section 6.5). 

The RAM memory access time is 150 ns. 

6.7 CONTROL AND STATUS REGISTERS 

The M7547 Unibus controller uses the following registers. 

• Miscellaneous control register 

• Status register 

• Hardware and unit number switch registers 

• SA register 

• IP register 

These registers are described in the following paragraphs. 

6.7.1 Miscellaneous Control Register (Write) 

There are two types of miscellaneous control registers on the 
M7547: read and write. The bits in the miscellaneous write 
registers are addressable on word boundaries. They are set or 
reset by writing to an address within the range of PCS5 
(FASO-FAFF) or PCS2 (F900-F97F) for the functions shown in Tables 
6-1 and 6-2. 

This register is reset by INIT during power-up or when the host is 
writing the IP register. To set a bit in this register, DATAO must 
be asserted when writing to the address containing the bit to be 
set. To reset a bit in this register, DATAO must be negated when 
writing to the address containing the bit to be reset. All the 
signals controlled by this register are true when high. The 
following bits and addresses are associated with this register. 
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Table 6-1 

Address 

FA80 
FA82 
FA84 
FA86 
FA88 
FA8A 
FA8C 
FA8E 

Table 6-2 

Address 

F90X 
F91X 
F92X 
F93X 
F94X 
F9SX 
F96X 
F97X 

Miscellaneous Write Register One (E35) -- PCSS 

Bit 

Drive erase 
Drive write gate 
Enable gap detect 
Diagnostic mode 
Reset LED 1 
Reset LED 2 
Reset LED 3 
Reset LED 4 

Miscellaneous Write Register Two (E33) -- PCS2 

Bit 

Clear SA write 
Clear IP read 
Clear nonexistent memory flag 
Clear parity error flip-flop 
Load lower Unibus DMA address (bits 15:0) 
Load upper Unibus DMA address (bits 16,17) 
Load DMA word count 
Load FPLS command 

6.7.1.1 Drive Erase -- The drive erase bit signals the drive to 
start erasing to put gaps between blocks on the tape. For the 
erase bit to work, the drive write gate must be set and the tape 
cartridge cannot be write protected. If the cartridge is write 
protected, the drive returns an error status to the controller, 
informing the controller that the cartridge is write protected. 

6.7.1.2 Drive Write Gate -- The drive write gate bit signals the 
drive to start writing data or to erase tape. The drive only 
writes if the tape cartridge is not write protected. If the 
cartridge is write protected, the drive returns an error message 
to the controller. 
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6.7.1.3 
signal, 
register 
through 

Enable Gap Detect (Circuit Schematics, Sheet 9) -- This 
when asserted, enables a 1 to be shifted into the shift 

(E24). Each time a write clock occurs, a 1 is shifted 
the shift register until eight clocks have occurred. This 

the gap detect flip-flop (E21) to toggle, which in turn, 
a transition on pin 6 of the serial controller (E43). (See 

6-7. ) 

causes 
causes 
Figure 

NOTE 
If a read clock or IN IT occurs during 
the time the eight write clocks are 
being input to the shift register, the 
shift register resets. This is shown by 
gate £29, the output of which is applied 
to the clear input (pin 9) of the shift 
register. 

The transition, which can be low to high or high to low, causes 
the serial controller to interrupt the 80186 microprocessor. The 
interrupt signals the 80186 that a gap on the tape has been 
detected. 

6.7.1.4 Diagnostic Mode -- When the diagnostic mode bit is set, 
it enables the loopback diagnostic multiplexer (E30) and disables 
the drive line drivers (E70). This allows the loopback diagnostic 
to be run to check the MPSC and the gap detect circuit. 

E24 
E21 
GAP 2 12 SHIFT DETECT 

REGISTER 
ENB GAP DET H---I 

DRIVE RD 
ClK 

DIAG 
ClK H 

DRIVE 
WR ClK H 

INIT 

E30 
2 INPUT 
MUlTI­
PLEX 

Z8 

SHEET 9 

GAP 
OATH 

6 

Figure 6-7 

F/F 

7 OAT 
ClR 6 

5 11 
SHEET 9 

SHEET 9 4 ClK 
3 
2 

8 ClK 1 
0 

E43 
E90 MUlTI-

PROTOCOL MICRO-
SERIAL PROCESSOR UART INTA l CONTROllER 

44 

SHEET 9 
SHEET 2 

SH R-0013-86 

Enable Gap Detect Circuit 
(MP-2059, CS, Sheets 2 and 9) 
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6.7.1.5 Reset LEDs 1-4 The controller contains four red 
on-board status LEDs for fault and on-line indication. All LEDs 
are turned on at power-up, and remain on until successful 
completion of the resident microdiagnostics. When the power-up 
diagnostic hassuccessfully completed, LEDs 2, 3 and 4 go off, 
leaving LED lon, indicating step 1 of U/O Port initialization. 
LEDs 2, 3 and 4 are turned on and off for each of the respective 
U/O Port initialization steps. All LEDs turned off indicates that 
the controller has successfully completed the U/O Port 
initialization sequence and has been placed on-line by the host. 
All four LEDs are mounted on the board edge for maximum 
visibility. 

When a failure is detected, an error code is posted in the SA 
register, providing the hardware is functional enough to permit 
it. Error codes are either port generic or controller specific. 
The microprocessor is forced into an infinite loop-type 
instruction sequence that can be broken only by receiving an 
initialization from the host. There are no detectable failures 
possible that would warrant automatic retries be performed. 

6.8 STATUS REGISTER (MISCELLANEOUS READ REGISTER) 

The status register is a 16-bit buffer (E34, E42) shown on page 4 
of the Circuit Schematics. The register is enabled by ENB MISC REG 
Land DTR H. The ENB MISC REG L signal is peripheral controller 
select 5 (see Section 6.3.2). The DTR determines whether the 
direction of the data is for a read or a write operation. When DTR 
H is negated, the DMX word count and status of the controller 
board can be read by the 80186 microprocessor. The following chart 
names and details each bit in the status register. 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

0 
1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 

SA write 
IP read 
Drive erase 
Drive write gate 
DMA stop count bit 
FPLS command done 
Host memory parity error 
Host address overflow error 

LSB 

Host DMA word count 

MSB 
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SA write 

IP read 

Drive erase 

Drive write gate 

DMA stop count bit 

FPLS command done 

Host memory parity error 

Host address overflow error 

Host DMA wcount 

Indicates that the host processor 
has written the SA register. 

Indicates that the host has read 
the IP register. 

Indicates diagnostic loopback for 
the write miscellaneous control 
register. Drive erase is asserted 
and the controller senses the 
signal to ensure that it is 
asserted. 

Indicates diagnostic loopback for 
the write miscellaneous control 
register. Drive write gate is 
asserted and the controller senses 
the signal to make sure that it is 
asserted. 

Indicates that a DMA transfer is 
complete. 

Asserted by the FPLS to indicate 
that a Unibus transfer has been 
completed. 

Indicates that a parity error has 
occurred and the Unibus transfer 
has not successfully completed. 

Indicates 
error has 
transfer 
completed. 

that an address overflow 
occurred and the Unibus 

has not successfully 

Indicates how any words are in the 
DMA buffer. 

6.9 STATUS/ADDRESS REGISTER 

The SA register (part of the U/Q Port Protocol) initializes the 
controller and returns status to the CPU. 

The initialization done by this register sends to the controller 
the vector address command and response ring address, as well as 
information regarding the length of these rings. The status 
returned through this register includes unit number and hardware 
revisions. 
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6.9.1 SA Register 

The SA register is on page 7 of the Schematics and consists of 
four 4-bit multifunction registers (El, E7, E13, and E19). The PAL 
(E38 on page 1) controls the loading and unloading of this 
register. The SA register is a bidirectional, latched register 
that can be loaded and enabled in either direction. This means 
that the 80186 can write to one register and the Unibus can read 
it or the Unibus can write to the other register and the 80186 can 
read it. 

The 80186 writes to the SA register by decoding the signals ENB SA 
REG and RAM WR. ENB SA REG logic is shown on sheet 2 of the 
schematics and RAM WR logic is shown on sheet 3 of the schematics. 
The 80186 reads the register by decoding ENB SA REG and RD L. RD L 
logic is shown on sheet 2 of the schematics. For the host CPU to 
write to the SA register, the signal HOST SAWR is generated by the 
PAL (E38). 

For the host CPU to read the SA register, the signal UBUS XMT is 
generated by the PAL (E38). 

After a write to the IP register or on power-up, the CPU always 
reads zero from the SA register, until the 80186 loads it with the 
correct SA register value. The CPU reads zeros at this time 
because the SA register is not enabled onto the Unibus until the 
80186 writes to it. The signal that accomplishes this is UBUS XMT 
generated by the PAL (E38 on sheet 1 of the schematics). For 
further information on the SA register chip, refer to the 1983 
Advanced Micro Devices Bipolar Data Book. For further information 
on the SA register, refer to the U/Q Port Protocol Specification. 

6.9.2 IP Register 

The IP register is logically part of the TMSCP protocol, but is 
not a physical register. The controller board has only to decode 
that the CPU has either written to or read from the IP register 
I/O address on the Unibus. 

The PAL (E38 on page 1 of the schematics), decodes that the IP 
register has been selected by the signals MATCH, SA/IP ADR 1, and 
RMSYN. Similarly, the selection of the SA register is decoded. 

When the host CPU does a read of the IP register, the PAL 
generates the flag HOST IP RD, which the 80186 can read through 
the miscellaneous read register. The 80186 then takes the 
appropriate action according to the U/Q Port Protocol. 

This flag stays set until the 80186 clears it by the signal CLR IP 
RD. 
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When the CPU does a write to the IP register, the PAL generates 
the strobe used to set the power-up reset circuitry. 

This resets the controller board as part of the U/Q Port Protocol. 
For further information on the IP register, refer to the U/Q Port 
Protocol Specification. 

6.10 Tape Drive Interface 

The next main functional block on the M7547 controller is 
described in this section. The Tape Drive Interface Circuitry is 
comprised of the Intel 7201 Multi-Protocol Serial Controller 
(MPSC) Chip at E43 on sheet 9, the 26LS31 driver at E70, and the 
26LS32 receiver at E36. Also included in this section is a 
connector, into which the tape drive signal interface cable is 
plugged. 

6.10.1 7201 Multi-Protocol Serial Controller (MPSC) 

The 7201 
drive and 
and from 
drive and 

MPSC provides the communication interface between the 
the 80186. The MPSC communicates commands and status to 
the drive and also handles data transfer between the 
the 80186. It accepts parallel data from on-board 

memory on its DO-D7 inputs (pins 19-12), then sends the data 
serially to the drive, through the 26LS31 quad driver at E25. 
Conversely, the 7201 MPSC accepts serial data from the drive, 
through the 26LS32 receiver at E36, converts it to parallel 
format, then sends the data to on-board memory through its DO-07 
outputs (also pins 12-19). 

Once programmed by on-board microcode, the MPSC works with the DMA 
control block in the 80186 to transfer data. The MPSC is 
configured so that Channel B is in asynchronous mode for commmand 
and status transfers, while channel A is in synchronous mode for 
data transfer to and from the tape drive. 

On power-up, the MPSC's internal registers are programmed for the 
previously discussed configuration. The registers are altered 
during data transfer, to let the MPSC interrupt the 80186. The 
MPSC interrupts the 80186 under the following conditions. 

1. On detection of a read gap. 
2. First character received, in order to start read DMA 

transfers. 
3. Transmit Buffer Empty, in order to append the CRC on a 

write to the tape drive. 

The MPSC is programmed so that DMA is enabled each time a byte is 
needed on a write or read. For DMA read and writes, the MPSC 
asserts a DMA request (pin 11 or pin 32, read and write 
respectively), to one of the DMA request lines to the 80186, 
through E22, E28, and E29 (sheet 9). 
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The MPSC interrupts the 80186 when it receives the first 
character, either from the drive or from on-board memory. This is 
the beginning of the DMA transfer. The sequences for DMA read 
(data) and DMA write (data) follow. 

DMA Read 

1. The MPSC generates DRIVE DR CMD from its TxDB pin. 

2. The MPSC receives a clock (DRIVE RD CLK) on RxCA (pin 
35) • 

3. The MPSC receives serial data from the drive (DRIVE RD 
DATA) RxDA (pin 34), through E30. 

4. The MPSC generates a DMA Read Request (RDYA, pin 32) to 
the 80186 through E22, E28, and E29. 

5. The 80186 responds with DMA HAl through E29 to enable the 
MPSC. 

6. The 80186 asserts RD (MPSC pin 22). 

7. The MPSC sends parallel data through DO-D7 (pins 19-12) 
to on-board memory. 

8. The MPSC asserts Read DMA Request for each byte, until 
the 80186 DMA terminal count is reached. 

DMA Write 

1. The MPSC generates a DMA Write Request (from RDYB) • 

2. The 80186 responds with DMA HAl through E29, to enable 
the MPSC. 

3. The 80186 provides WR (MPSC pin 21) and data on DO-D7 
(MPSC pins 19-12) from on-board RAM. 

4. The MPSC ouputs serial characters for write command 
(DRIVE DR CMD). 

5. The drive provides DRIVE WR CLK for MPSC input RxCA (pin 
35) • 

6. The 80186 provides DRIVE WR 
miscellaneous control register. 

GATE through the 

7. The MPSC provides serial DRIVE WR DATA from TxDA (MPSC 
pin 37). 

8. The MPSC asserts WR DMA REQ for each succeeding byte 
until an 80186 DMA terminal count is reached. 
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6.10.2 Differential Drivers and Receivers 

There is one differential driver that sends data and commands to 
the drive. There is one differential receiver that accepts clocks, 
data, and status from the drive. 

The 26LS31 differential driver at E70 (9-82) sends the following 
signals to the drive. 

• Serial Drive Write Gate (DRIVE WR GATE) 
• Serial Drive Erase (DRIVE ERASE) 
• Serial Drive Commands (DRIVE DR CMD) 
• Serial Drive Data (DRIVE WR DATA) 

The 26LS32 differential driver at E36 (9-87) accepts the following 
signals from the drive. 

6.11 

• • • 
• 

6.11.1 

Serial Drive Status (DRIVE DR STATUS) 
Serial Drive Read Data (DRIVE RD DATA) 
Drive Read Clock (DRIVE RD CLK) 
Drive Write Clock (DRIVE WR CLK) 

UNIT NUMBERING AND I/O ADDRESSING 

Module Starting Addresses/Interrupt Vectors 

Any M7547 module you install must be set to the correct starting 
address and interrupt vector. The interrupt vector is set to 260 
under program control. The vector for additional TK50 modules 
installed in the system becomes a floating vector, which is also 
set under program control. 

The starting address of the first tape controller is fixed at 
774500. Currently, there are two TMSCP devices -- TK50 and TU81 -­
that can be assigned the fixed address of 774500, depending on 
system implementation. All other TK50 TMSCP devices are installed 
in a floating address space of 760nnn (octal). The floating 
address space is set using the address jumpers on the M7547 
module. Other TK50 devices are assigned other floating addresses 
based on system configuration. For example, if there are three 
TK50s in a system with no TU81, the first TK50 is assigned the 
fixed address of 775400, the second 760404, and the third 760444. 
Table 6-3 shows the jumper connections for these addresses. 
Figure 6-8 shows the jumper settings for the fixed 774500 address. 
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Table 6-3 

774500 

A13 0-0 

A12 0-0 

0-0 

o 0 

0 0 
0-0 

0 0 
0-0 

0 0 
o 0 

0 0 
A2 o 0 

Unit 
Number 

Common Jumper Settings 

4 

5 

0 

0 

0 

MODULE 
NUMBER 

760404 760444 

A13 o 0 A13 o 0 
A12 o 0 A12 o 0 

o 0 o 0 

0 0 0 0 0 0 
o 0 o 0 
0-0 0-0 

0 0 4 o 0 4 
o 0 o 0 
o 0 0-0 

0 0 0 o 0 4 
0 0 o 0 

A2 0-0 A2 0-0 

4 4 

Unit Unit 
Number 1 Number 2 

ADDRESS BITS 

FACTORY 
ADDRESS 

A13 A12 A11 A10 A9 AS A7 A6 A5 A4 A3 A2 

I R R I R R R R R 

FIRST 774500 

JUMPER 
SETTINGS 

'------------------ (FACTORY) 

I = Jumper installed 
R = Jumper removed 

NOTE 
The jumper nearest the module fingers is 
W12, which represents address bit 2. 

Figure 6-8 Jumper Settings 

SH R-0014-B6 

As devices are added to a system, the floating address assigned to 
a device may change. For PDP-II Unibus devices, a Float program 
run under XXDP+ Diagnostic Supervisor is available to identify and 
assign the device addresses. For additional information, refer to 
PDP-II Architecture Handbook, Appendix A (EB-23657-18). For VAX 
Unibus devices, the field engineer can use SYSGEN to identify and 
assign the CSR address and vector for each device. 

Address bit Al decodes the IP or SA registers. Address bit 0 is 
ignored. Address bits 17 through 13 are hardwired as Is. If 
address bit 12 is set, the address is fixed at 774500. If address 
bit 12 is reset, a floating address in the form of 760nnn is 
indicated. 
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6.11.2 Unit Number Dip Switch (E4, 4-87) 

The unit number DIP switch must be set to correspond to the 
address jumper setting. The first setting in Table 6-4 shows the 
unit number factory setting that matches the starting address 
jumper setting of 774500. 

Table 6-4 Unit Number Switch Pack Settings 

Jumper Set Unit Number 
for an Switch Pack Bits 
Address 1 2 3 4 5 6 7 8 Unit Number Name 

774500 0 0 0 0 0 0 0 0 MUO (first TK50) 
760nnn 1 0 0 0 0 0 0 0 MUI (second TK50) 
760nnn 0 1 0 0 0 0 0 0 MU2 (third TK50) 
760nnn 1 1 0 0 0 0 0 0 MU3 (fourth TK50) 

o = Switch open 
1 = Switch closed 

6.11.3 

NOTE 
Pressing a switch on the open side turns 
the switch off (Ole Pressing a switch on 
the opposite side turns the switch on 
(1) • 

Revision Level Dip Switch (E5, 4-C7) 

Make sure the revision level DIP switch matches the revision level 
stamped on the back of the module (see Tables 6-5 and 6-6). 
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Table 6-5 

Revision 
Level 
Number 

0 
1 
2 
3 
4 
5 

0 = Switch 
1 = Switch 

Table 6-6 

Revision 
Level 
Number 

0 
1 
2 
3 
4 
5 

Revision Level Dip Switch 

Switch Bits 
1 2 3 4 5 6 7 8 

0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 
1 0 1 0 0 0 0 0 

open 
closed 

NOTE 
Pressing a switch on the open side turns 
the switch off (0). Pressing a switch on 
the opposite side turns the switch on 

Revision Level Switch Pack 

Switches 
1 2 3 4 5 6 7 8 

0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 
0 a 1 a a a a 0 
1 0 1 0 0 0 0 0 

0 = Switch open 
1 = Switch closed 

Rev Level a Rev Level 1 Rev Level 2 

1 - Off 1 - On 1 - Off 
2 - Off 2 - Off 2 - On 
3 - Off 3 - Off 3 - Off 
4 - Off 4 - Off 4 - Off 
5 - Off 5 - Off 5 - Off 
6 - Off 6 - Off 6 - Off 
7 - Off 7 - Off 7 - Off 
8 - Off 8 - Off 8 - Off 
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Figure A-I TK50 Exploded View 
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HANDLE 

/FRONT 
/ BEZEL 

SH R-0160-85 



APPENDIX B 
TKSO SUBSYSTEM ERROR CODES AND STATUS 

This Appendix lists error and status codes sent from the TK50 
controller to the host system. 

Table B-1 Drive Error Sub-code Values 

Sub­
code 

1 

2 

3 

4 

Code + Sub-code 
Dec Oct Hex 

43 53 28 

75 113 4B 

107 153 68 

139 213 8B 

E S 
V T 

* * 

* * 

* * 

* * 

8-1 

Status or Event Sub-Code 

Drive command timeout. 
The controller has timed out 
a command exchange with the 
drive. 

Controller detected 
~ransmission error. 
The controller has detected a 
protocol violation during a 
command exchange with the 
drive. 

Recoverable drive fault 
The drive has detected and 
reported a recoverable fault 
during a transfer operation. 

Unrecoverable drive fault 
The drive has detected and 
reported an unrecoverable 
fault during a transfer 
operation. 



Table B-2 Controller Internal Status Byte 

Value 
Dec Oct Hex Controller Internal Status 

0 0 0 Done 
2 2 2 Retry 
4 4 4 Hard Error 
6 6 6 Tape Mark Read 
8 10 8 Logical EOT Detected 

10 12 A End of Media 
12 14 C Drive Error 
14 16 E Communications Exception 
16 20 10 End of Data 
18 22 12 Failed to Find Append Target 
20 24 14 Leaving EOT Trailer Region 
22 26 16 ECC Correction on Data 
24 30 18 ECC Correction on Tape Mark 
26 32 1A BOT Encountered 
28 34 1C Data Synchronization Error 
30 36 IE EOT detected 
32 40 20 Seek Aborted 
34 42 22 Unload 

Table B-3 Drive Error Code Byte 

Value 
Dec Oct Hex Drive Error Code 

1 1 1 Hardware Write Protect 
2 2 2 Drive Fault 
4 4 4 Communications Exception 
6 6 6 Wrong Track 

16 20 10 Sync Failure 
19 23 13 Communications Error 
34 42 22 Positioning Error 
35 45 23 Channel B Overrun 
39 47 27 Channel A Overrun 
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Table B-4 Recoverable Drive Faults 

Dec 

144 
145 
146 
147 
148 
148 
149 
150 
151 
152 
153 
154 
155 

156 
157 
158 
159 
160 
161 
162 
162 

164 
165 
166 
167 
168 
169 

Value 
Oct Hex 

220 90 
221 91 
222 92 
223 93 
224 94 
225 95 
226 96 
227 97 
230 98 
231 99 
232 9A 
233 9B 
234 9C 

235 90 
236 9E 
237 9F 
240 AO 
241 Al 
242 A2 
243 A3 
244 A4 

245 A5 
246 A6 
247 A7 
250 A8 
251 A9 
252 AA 

Recoverable Drive Fault Code 

8155 RAM failure in self-test 
8155 timer failure 
Read amplitude (HOI) too low in calibrate 
Read amplitude (HD2) too low in calibrate 

EOT sensed in R/W/S state 
BOT sensed in R/W/S state 
Drive block address overflow 
Drive block address underflow 
Servo error -- excessive speed variations 
Failure in tracking 
Command error -- command not recognized 
Illegal command -- incompatible with drive 
state 
Write lock error 
Write gate at wrong time 
No write gate for cal track write 
Error sensing cal track 1 -- bad head 
Error sensing cal track 2 -- bad head 
Detection of edges of cal track lout of spec 
Detection of edges of cal track 2 out of spec 
Offset of cal track 2 from cal track 1 is too 
large 
Search of bottom tape edge failed 
Bottom tape edge tolerance error 
Drive is overheating 
No current in LED of BOT sensor (cable?) 
Hall switch sense lines Motor A questionable 
Tachometer failure 
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Table 8-5 Unrecoverable Drive Faults 

Value 
Dec Oct Hex Unrecoverable Drive Fault Code 

129 201 81 Failure to load to BOT 
130 202 82 Failure to unload tape into cartridge 
131 203 83 General motor or tach failure 
132 204 84 Motor A failure 
133 205 85 Motor B failure 
134 206 86 Drive lost control of tape or bad tach 
135 207 87 Excessive drag in tape transport 
136 210 88 Failure to stop tape or remain stopped 
137 211 89 Cartridge insert error 
138 212 8A Cartridge extract error 
139 213 8B CU attempted to move tape with drive in error 
140 214 8C Deceleration timeout error 
141 215 80 Second attempt to balance reels in init 

failed 

Table B-6 Drive Flags 

Bit Bit Mask 
Number Oct Hex Drive Flags 

0 1 1 Cartridge Present 
1 2 2 Head at Track Zero 
2 4 4 Tape Unloaded 
4 10 8 Hardware Write Protected 
5 20 10 Positioned at BOT 
6 40 20 Drive in Run State 

Note: Bits 5 and 6 together indicate that the drive is rewinding 
to BOT 
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Table B-7 UfO Port Generic SA Error Codes 

Dec 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 

17 

18 
19 
20 
21 
22 

23 

Value 
Oct Hex 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 

10 8 
11 9 

12 A 

13 B 
14 C 
15 D 
16 E 
17 F 
20 10 

21 11 

22 12 
23 13 
24 14 
25 15 
26 16 

27 17 

Failure Code 

Envelope/Packet Read (parity or timeout) 
Envelope/Packet Write (parity or timeout) 
Controller ROM and RAM parity 
Controller RAM parity 
Controller ROM parity 
Queue Read (parity or timeout) 
Queue Write (parity or timeout) 
Interrupt Master 
Host Access Timeout (higher level protocol 
dependent) 
Credit Limit Exceeded (reporting this 
condition optional) 
Bus Master Error 
Diagnostic Controller Fatal Error 
Instruction Loop Timeout 
Invalid Connection Identifier 
Interrupt Write Error 
MAINTENANCE READ/WRITE Invalid Region 
Identifier 
MAINTENANCE WRITE Load to non-Ioadable 
controller 
Controller RAM error (non-parity) 
INIT Sequence Error 
High Level Protocol Incompatibility Error 
Purge/poll hardware failure 
Mapping register read error (parity or 
timeou t) 
Attempt to set port data transfer mapping 
when option not present 

Note: 24 -- 99 are unassigned 
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Table B-8 Controller Specific SA Error Codes 

Dec 

600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 

625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
651 
652 
653 
654 
655 

Value 
Oct 

1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1140 
1141 
1142 
1143 
1144 

1161 
1162 
1163 
1164 
1165 
1166 
1167 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1200 
1201 
1213 
1214 
1215 
1216 
1217 

Hex 

258 
259 
25A 
25B 
25C 
25D 
25E 
25F 
260 
261 
262 
263 
264 

271 
272 
273 
274 
275 
276 
277 
278 
279 
27A 
27B 
27C 
27D 
27E 
27F 
280 
281 
28B 
28C 
28D 
28E 
28F 

Failure Code 

Divide Interrupt Error 
Single Interrupt Error 
Non-maskable Interrupt Error 
Breakpoint Interrupt Error 
INTO Detected Interrupt Error 
Array Bound Interrupt Error 
Unused Opcode Interrupt Error 
ESC Opcode Interrupt Error 

Reserved Interrupt Error 

INTO Interrupt Error 

ROM Checksum Error 
MPU Error 
RAM Error (Odd Byte) 
RAM Error (Even Byte) 
MPU Timer Error 
Miscellaneous Register Wrap Error 
Gap Detection Circuitry Error 
USART Wrap Mode Error 
USART Wrap Mode Error (Good CRC) 
USART Wrap Mode Error (Bad CRC) 
Drive Cable Error 
FPLS Buffer Error 
FPLS Buffer Error 
FPLS Buffer Error 
FPLS Buffer Error 
Word Count Error 
FPLS Test Error 
Reserved -- ECC 
Write Sequence Fault 

Nibble 1 
Nibble 2 
Nibble 3 
Nibble 4 

ECC Logic Error Type 1 
ECC Logic Error Type 2 
ECC data structure consistency failure 

Note: 613 -- 624, 642 -- 650 and 656 -- 699 are unassigned 
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A 

12 volt path 2-12 
5 volt path 2-12 
Address overflow error 4-11 
Address underflow error 4-12 
Address/vector worksheet 5-17 

B 

BOT 2-5, 2-8, 2-20, 3-3, 3-4, 
3-5 
logical 2-23 
sensed in read/write/seek 

state 4-11 
sensor error 4-18 

Basic controller/drive 
communications protocol 2-31 

Binary ripple counter 2-14 
Bit Density 1-2 
Bus mastership acquisition phase 

5-21 
Bus mastership relinquish phase 

5-23 

c 

Cable type 1-2 
Calibration 2-10 
Caltrackl error 4-16 
Caltrackl 2-21, 2-22 
Caltrack2 error 4-16 
Caltrack2 offset error 4-17 
Caltrack2 2-21, 2-22 
Capacity 1-2 

I-I 

INDEX 

Cartridge 2-8, 2-10, 2-20, 2-22 
extract error 4-6 
insert error 4-5 
insert/extract error 4-10 
insert/release handle 2-7, 
2-20, 3-2 
lift, 3-10, 3-16 
lower, 3-12 

Change of drive state 2-32 
Check byte error 4-7 
Circuit schematics 2-10 
Clear IP initialization 5-11 
Clear SA initialization 5-10 
Clock 2-10 
Command error 4-13 
Common jumper pack settings 5-16 
CompacTape 1-2, 3-1, 3-2 
Connector type 1-2 
Constant current source 2-12, 

2-18 
Control and status registers 5-9 

IP register 6-8, 6-13 
SA register 6-8, 6-10, 6-12, 
6-13 
hardware and unit number 
register 6-8 
miscellaneous control register 
6-8, 6-9 
status register 6-8 

Controller 2-36, 5-3 
Controller to drive command 

protocol 2-32 
Controls 

front panel, 3-1 
TK50, 3-4 

Controls and indicators 2-6 
Counter reset circuitry 6-3 
Counter/timers 6-6 
Crystal oscillator 2-10 



D 

DAC reference voltage generation 
circuit 2-13 

DC low circuit 2-12 
DMA 6-5, 6-7, 6-9 

address and data registers 
5-25 

data register 5-25 
operations 5-7 
read 5-7, 5-27, 6-14, 6-15 
write 5-7, 5-29, 6-15 

Data 
rate 1-2 
transceivers 5-8 
detection 2-19 
transfer phase 5-22 

Deceleration error 4-7 
Desktop TK50 2-4 
Device, mass storage 1-1 
Diagnostics 2-5 
Diagnostic hardware 5-29 
Diagnostic indicators 5-29 
Diagnostic mode 5-11, 6-10 
Differential 

drivers and receivers 5-30, 
6-16 
preamplifier circuit 2-15 
receiver 2-10, 2-31 
signal pair description 2-28 

Done (40H) 2-35 
Drive 

board 2-5 
board description 2-10 
board removal 4-20 
cable in 5-13 
commands and status 2-19 
detected error 2-32, 2-36 
erase 5-10, 5-12, 6-9 
error status 2-36 
is overheating 4-18 
logic board 2-10 
logic module 2-33 
lost control of tape or bad 

tachometer 4-4 
state status 2-34 
to controller interface 

specifications 1-2 
to controller status protocol 

2-32 
unit variations 2-1 
write gate 5-10, 5-12, 6-9 

Drive/controller communication 
2-36 

Driver type 1-2 
Dropout sensed 2-35 

EOT 2-5 
logical 2-23 
physical 2-23 

E 

sensed in read/write/seek 
state 4-10 

EPROM 5-7 
Enable gap detect 5-10, 6-10 
Enable write gate 2-35 
Error 

codes 4-1 
during Q-bus DMA transfer 5-23 
sensing caltrack1 4-15 
sensing caltrack2 4-15 

Excessive drag in tape transport 
4-4 

F 

FPLS 6-1 
FPLS control logic 5-21 
FPLS interrupt 5-6, 5-24 
Failure 

in tracking 4-12 
to load tape into cartridge 

4-2 
to load to BOT 4-1 
to stop tape or remain stopped 

4-5 
Fault conditions 2-9, 3-5 
Field maintenance print set 2-10 
Field programmable logic 

sequencer (FPLS) 5-1 
Field service print set 2-1 
Filter circuit 2-15 
Flat ribbon cable 2-3 
Floating CSR address chart 5-18 
Floppy diskette drives 2-4 
Front bezel removal 4-21 

G 

Gap 2-16 
General motor or tachometer 

failure 4-2 

1-2 



H 

Handle switch 2-5 
Handle 2-9 
Handling tapes 3-6 
Hardware revision register 5-14 
Heat sensor removal 4-23 
Host computer system 3-1 

I 

I/O mapping 6-5 
I/O, RAM chip (8155) 2-5 
IP read initialization 5-12 
IP register 5-15 
Indicator 

TK50 3-2 
during load/unload 3-3 
front panel 3-1, 3-14 
function 3-4 

Illegal command 4-13 
Initialization 3-5 

writing and reading caltracks 
2-21 

Initialization 2-7 
Insertion 

tape cartridge 3-3 
Interface cable 1-1, 3-1 
Interface type 1-2 
Interrupts 5-6 

internal 6-5 
external 6-5 

Lights 2-9 
Link arms 2-20 

L 

Load procedures 2-7, 3-3 
Load/run state change 2-35 
Load/unload switch 2-6. 2-20, 

3-1, 3-8, 3-13 
Loading 2-9 

tape 3-3 
Low voltage effect 2-13 
Lower chip select 5-4 

M 

M7546 5-17 
M7546 controller 2-10, 5-5 
M7546 Q/TMSCP controller 5-2 
MFM format 2-11 
MFM format 2-5 
MPSC 5-26 

chip 2-19 
diagnostic loopback 5-30 
interrupts 5-6 

MSCP 2-2, 6-5, 6-14 
Magnetic tape 1-2, 2-6, 2-12 

single reel 3-1 
Media type 1-2 
Memory 5-7 

chip select lines 5-4 
EPROM 6-7 
error 4-7 
mapping 6-5 
ROM and RAM 5-2, 

MicroPDP-ll 1-1, 2-2 
MicroVAX 1-1, 2-2 
Microprocessor (80186) cycle 

time 5-4 
Microprocessor 

80186 5-1, 5-2, 5-3, 5-5, 5-6, 
5-8, 6-1, 6-2, 6-3 

cycle time 6-2 
memory chip select lines 6-2 

upper memory chip select 6-2 
lower memory chip select 6-2 
peripheral chip select 6-3 

PCSO-PCS6 6-4 
8751 2-5, 2-18, 2-19, 2-21, 
2-31, 2-33 

Minus reference voltage 2-13 
Miscellaneous control register 

5-9 
Miscellaneous read register 6-11 
Miscellaneous register loopback 

5-29 
Module starting 

addresses/interrupt vectors 
5-16, 6-16 

1-3 

Motor A failure 4-3 
Motor B failure 4-3 
Move error 4-6 
Multi-protocol serial 

communications chip 5-1 



N 

No hall switch signals 4-18 
No tachometer pulses present 

4-19 
No write gate error 4-14 
Non-maskable interrupt 5-6 
Number of tracks 1-2 

p 

PAL 2-11 
PDP-ll/23 plus 2-2 
Peripheral chip select lines 

5-5, 6-3 
peripheral control block 6-5 
Phase lock loop circuit 2-16, 

2-18 
Phase lock loop 2-16 
Phototransistor 2-21 
Physical description 2-4 
Power 2-4 

conditions 2-10 
required 1-2 
supply 2-4 

Power-up reset 6-1 
Preamble 2-16 
Printed circuit board 3-1 
programmable array logic (PAL) 

2-10 
Pump down circuit 2-16 
Pump up and pump down signal 

generation 2-18 
Pump up circuit 2-17 

Q 

Q-bus 2-2 
drivers 5-1 
interrupt logic 5-26 
interrupt request done 5-13 
interrupt request 5-13 
memory parity error 5-13 
receivers 5-1 
TMSCP controller 5-1 

Q22 bus register 5-24 
Q22 bus interface logic 5-21 

RAM 5-8, 6-8 
RAMs 5-1 
RD50 1-1, 2-4 
ROMs 5-1 
RX50 1-1, 2-4 

R 

Read amplifier circuit 2-15, 
2-16 

1-4 

Read 
core 2-22 
head 1 error 4-9 
head 2 error 4-9 
head select circuitry 2-14 

Read/Write 
activities 2-10 
Gap Spacing 1-2 
head 2-6, 2-21 
head bracket assembly removal 

4-21 
Receiver assembly removal 4-24 
Receiver type 1-2 
Recording method 1-2 
Reel error 4-7 
Reel motors 2-13 
Reset LED 1 5-11 
Reset LED 2 5-11 
Revision level dip switch 6-18 
Revision level switch pack 5-19 
Rewind 2-9, 3-4, 3-5 

S 

SA register 5-14 
SA write initialization 5-12 
Seek 2-8 
Self-test 2-9 

TK50 3-5 
Serial controller to drive 

communications 2-31 
Servo error 4-12 
Shift register 2-11 
Signal interface timing 2-28 
Soft grounds 5-31 
Solenoid 2-7 
Solenoid/interposer removal 4-22 
Specifications 1-2 
Start bit 2-18 



States of lights 2-9 
TK50 3-5 

Status address registers 6-12 
Stepper motor 2-6 
Stepper motor removal 4-23 
Subassembly remove/replace 

procedures 4-20 
Supply motor removal 4-24 
Supply reel 2-6 
Switch 2-9 

load/unload 3-1 
write-protect 3-2, 3-3 

T 

Tachometer 2-6, 2-21 
Tachometer removal 4-22 
Take-up leader inspection 3-7 
Take-up motor (motor A) removal 

4-22 
Take-up reel 2-6 
Tape 2-11 

cartridge 1-1, 2-7, 2-20 
insertion 2-20, 3-10 
inspecting and unloading 3-4 
labeling 3-5 
load in drive (inserting) 
3-3, 3-10 
ejection 3-16 
removal 3-17 
rewind 3-4 
storage 3-6 
unload 3-3 
using 3-1 
write-protect 3-6 
release handle 3-3, 3-5 

conditions 2-10 
drive interface 5-26, 6-14 
drive interface drivers and 

receivers 5-1 
edge error 4-17 
hub 2-6, 2-20 
leaders 2-6 
load to beginning of tape 2-20 
mass storage control protocol 

(TMSCP) 4-1 
motion 2-21 
speed 1-2 
transport 2-6 

1-5 

Timer error (8155) 4-8 
TK50 2-1, 2-23 

applications 3-19 
backup device 3-19 
commands 2-33 
controls 3-4 
drive states 2-34 
journaling device 3-19 
load/unload procedures 3-3 
M7546 controller 5-1 
related documentation 1-3 
software distribution 3-19 
Streaming Tape Drive 1-1 
subsystem 5-1 
tape drive 2-1, 5-1 
Tape Drive Controller 1-1 
Tape Drive Subsystem 1-1, 2-1, 

2-2, 4-1 
tape drive subsystem field 

service print set 1-3 
tape drive subsystem IPB 1-3 
tape drive subsystem user 

guide 1-3, 2-20 
system integrated 2-3 
Unibus controller 6-1 
using 3-1 through 3-7 

TK50-AA 2-1 
TK50-AX 2-1 
TK50-D, -R tape drive subsystem 

owner's manual 1-3 
TK50-D 2-1 
TK50-D 2-4 
TK50-R 2-1 
TK50-R 2-4 
TMSCP 5-12 
Top tape edge tolerance error 

4-18 
TQK50-AA 2-2 
TQK50-AB 2-2 
TQK50-BA 2-2 
TQK50-BB 2-2 
TQK50-CB 2-2 
TQK50-PB 2-2 
TQK50-RB 2-2 
TQK50 1-1, 5-17, 5-18 
TUK50 6-1 
Track boundary 2-35 



U 

UART 2-31 
Unit designations 2-1 
Unit number and I/O addressing 

6-16 
Unit number and status register 

5-12 
Unit number dip switch 5-19, 

6-18 
Unit number 5-13 
Unload error 4-8 
Unload procedures 2-8 
Unloading 2-9 

a tape 3-3 
Upper chip select 5-4 

v 

veo clock 2-17, 2-19 
veo generation 2-17 
Vector register 5-13 

write 
core 2-22 
data 2-23 

w 

data chain 2-10 
driver circuit 2-11 
erase 2-11 
gate signal timing error 4-14 
head 2-11 
lock error 4-13 

1-6 
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