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Write Buffer 

During a CPU read operation data may be read from the DWB instead of from memory. 

This occurs when the data in the WB hasn't been written out to memory yet. The VWB is 

responsible for recognizing this condition and replacing the stale data coming back from 

memory with the valid data from the DWB. 

Data may also be written into the DWB during a CPU operation. This will occur if the 

ECCC logic discovers was a correctable error in the that came back from main 

memory. In this case the corrected data is sent back to the CPU and also written into the 

DWB. Eventually this data will be written back to main memory to correct the error in 

memory. 

The DWB is implemented with 74ALS870 static RAMs. 

26.2.2 Address Write Buffer 

The A WB is a 4 x 26-bit content addressable memory. When a new memory address is 

latched (in latch LAIN) a comparison is done between LAIN and all locations of the A WB. 

The result of this comparison is reported on HIT+. The location which found a hit sends its 

address to the VWB for possible use in WB pointer generation. This value is referred to as 

the hit pointer. 

The contents of the 4 A WB locations are forced to be unique during system initialization, and 

should stay that way forever. 

The 26 bits stored in an AWB location are the valid physical address bits which could be 

used to address main memory. BBL15+ and BBL16+ are not included, as they only specify 

which 16-bit section of a 64-bit word is desired. Thus, A WB addresses are meant to represent 

MOD 4 memory boundaries. The A WB is addressed by WBPTR{1:2}+. 

Addresses are written into the A WB during either WACK or STart READ (STREAD) 

operations. If a hit wasn't found, the VWB supplies a new WB pointer, and the new address 

in written into the A WB when ADDMEMG- is active. 

The A WB supplies the memory address for all main memory accesses except refresh. The 

VWB generates the WB pointer and the MT causes the output of the AWB to be driven onto 

bus MA. This address can be latched (in latch LAOUT) before it is driven onto MA. 

The AWB has an address shifter on its output. This logic rearranges the address bits based 

on a 2-bit code which represents the memory configuration. This code is read at system 

initialization time, set in the CMI diagnostic register, and forgotten about. The code enables 

the shifter to swap address bits as necessary to prevent shadow memory or work around 

memory discontinuities. 

The A WB is implemented in the Andress BUFfer (P ADBUF) VLSI chip. 
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26.2.3 Valid Write Buffer · 

The VWB consists of a 4 x 6-bit memory and its associated circuitry. Its goal in life is to 

keep track of data flow in and out of the WB. 

Each VWB location is ~roken up into four valid bits and two_ write pending bits, as shown 

in Figure 26-4. The VWB is addressed by WBPTR{1:2}:.. Each 'Valid bit represents 16 bits of 

valid data in the corresponding DWB location. A write pending bit set means that some 

valid data referenced by the valid bits has not been written out to memory yet, but needs to 

be. 

FIG. 26-4. VWB Location Format 

II 
V0 V1 V2 V3 I I WP0 WP1 

11 

V = Valid bit 
WP = Write Pending bit 

A WB location is said to be "free" if neither write pending bit is set in that VWB location. 

The VWB generates a "free address" to be used in ihe possible generation of WBPTR{1:2} from 

this information. 

As mentioned earlier, the VWB is responsible for generating WBPTR{1:2}. The WB pointer 

may be the "free pointer" generated by the VWB, the "hit pointer" generated by the A WB, or 

the "request pointer" generated by the MTOPS logic. The choice is controlled by the signals 

WBADMUX{2:3}+ as shown in Table 26-1. The selected pointer is latched (in latch LWBA) 

under the control of signal L WBAG-. 

TABLE 26-1. WB Pointer Selection Chart 

Desired Pointer WBADMUXf2:31+ 

Free pointer 00 

Hit pointer 01 

Request pointer 10 

The request pointer is selected whenever a main memory access is to be done. The MT takes 

care of this operation. Otherwise, during WACK and STREAD operations, the choice of the 

WB pointer is limited between either "free" or "hit". The free pointer must be used 

whenever the memory address presented on BB does not cause the A WB to assert the HIT+ 

signal. 
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As we have seen, BBL15+ and BBL16+ determine which 16 bits of a 64-bit word are of 

interest. The CPU may also wish to write 32 bits at a time. This option is specified by 

the signal WRT32+. The setting and resetting of bits in a VWB location are controlled by 

these three signals, along with a series of command lines. These command signals may be 

broken down into those that control valid bits and those ·that control write pending bits. The 

valid bit control lines are: 

• SETV AL+, which causes the current pattern of valid bits to be replaced by the 
pattern dictated by the three CPU signals, 

• MERGEV AL+, which sets any bits indicated by the three CPU signals while 
leaving the rest of the pattern unchanged, 

• SALL VAL+, which causes all the valid bits to be set, and 

• CLRVAL+, which causes all the valid bits to be cleared. 

The write pending bit control lines are: 

• SETWP+, which causes the write pending bit dictated by BBL15+ to be set, 

• CLRWP+, which causes both write pending bits to be cleared, and 

• SETBTHWP+, which causes both write pending bits to be set. 

Only one control signal in each group may be active at any time. Assertion of more than 

one command in each group leads to unpredictable results. 

executed when the clock signal V ALMEMG- is asserted. 

The commands are actually 

If all four VWB locations have a write pending bit set the WB is said to be full. This 

state is reported over the signal WBFULL+. No further CPU requests can be handled by the 

WB when this condition occurs until a WB location is emptied by writing its contents to 

memory. The reason is readily apparent when you consider the CPU trying to write into the 

full WB. If the A WB doesn't detect a HIT+, the external logic will ask the VWB for the 

free pointer. The free pointer can't have an indeterminate value, so the WACK chain will 

write the new data into the WB, overwriting data which hasn't yet gone out to memory. 

The VWB is implemented in the PADBUF VLSI chip. 

26.2.4 The WB as a Whole 

Stepping back, we can look at the big picture to see how the WB pieces just described play 

together. Suppose we have just initialized the A WB to have four unique addresses, and the 

VWB to have no valid or write pending bits set. (The system microcode is required to do 

this at system initialization time.) The CPU does a write request. The A WB does not detect 
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a hit, so the external logic requests the free pointer from the VWB, which is latched in the 

L WBA latch. SETV AL+ and SETWP+ are asserted, and the WACK chain writes the new 

address into A WB (using ADDMEMG-) , sets the appropriate valid bit(s) and the correct write 

pending bit (using VALMEMG-), and writes the data into the DWB (using TWBDH- and/or 

TWBDL-). A CPU write request during which the A WB detects a hit works similarly. The 

important differences are that the external logic would ·have to ask for the hit pointer instead 

of the free pointer, arid that MERGEV AL+ should be asserted in place of SETV AL+. 

CPU read requests are handled in a similar fashion. If the A WB does not detect a hit the 

external logic must ask the VWB for the free pointer. CLRVAL+ is asserted, and the 

STREAD chain writes the new address into the A WB and clears all the valid bits. If the 

A WB does detect a hit, the STREAD chain must not clear the valid bits. In either case, when 

the data is returned from memory, the V\VB detects if the DWB contains more up-to-date 

data than the memory by using the valid bits, and replaces memory data with data from the 

DWB if necessary. This data is sent to the CPU and written into the DWB. SALL VAL+ is 

asserted, and all the valid bits are set. If there was a correctable error, SETBTHWP+ is also 

asserted, so both write pending bits will be set. (A design limitation makes it impossible to 

tell the VWB which 32-bit word had the correctable error in it, so both write pending bits 

must be set to insure the error is corrected in main memory.) 

CLRWP+ is asserted and both write pending bits are cleared after data is removed from the 

WB and written· to main memory. 

26.2.S Memory Timer OPeration Scheduler (MTOPS) 

The WB may contain data destined for as many as four different main memory locations at 

any given time. Choosing which main memory operation to do next, or even to wait a 

while before doing the next memory operation, is the job of the MTOPS. The original goal 

of smoothing out traffic on the main memory bus is achieved by the algorithms implemented 

in the MTOPS. 

Two conflicting forces are at work on the WB all the time. First, we want to save data in 

the WB as long as possible. The longer we save it, the greater the chance that the CPU will 

write more data destined for the same 64-bit location. (Imagine a program which is updating 

all the elements of a contiguous array.) If we save the data from the first CPU write until 

after the CPU ·does a second write to the same location we have saved ourselves one memory 

access. Opposing this desire is the WB full problem discussed earlier. If we save all the 

data we can, the WB will fill up very quickly, and we may have to stall the CPU. This 

defeats our purpose in life and makes us very depressed. 

A modified Least Recently Used (LRU) algorithm is used by the MTOPS to decide which 

memory operation to do next. The classic LRU algorithm, briefly stated, says that when 
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trying to decide which data to move from an easily accessible place to a less accessible place, 

choose that data which was least recently used. The chances are very small that you will, 

need that data again soon if you haven't needed it lately. The LRU algorithm has been 

shown to be very efficient over time on a large number of computer systems in which it has 

been implemented. A system to keep track of just how recently---a particular piece of data 

has been used is inherent in the algorithm, adding overh"Cad,for each piece of data you keep 

track of. 

Before the MTOPS can apply the algorithm, however, it must sort the pending operations. A 

sorting operation can be done by examining the pattern of the valid and write pending bits in 

each VWB location. Figure 26-5 shows the 5 "aligned write" patterns. When any of these 

patterns occurs in a V¥lB location it means the data could be written to main memory 

directly in one access. The patterns shown in Figure 26-6 are examples of the multitudes of 

"unaligned write" patterns that may occur. These VWB locations cannot be written directly 

to main memory, since main memory can only write even multiples of 32 bits at a time. A 

read of main memory would have to be done to fill in the gaps in the valid bit pattern. 

Recall that any read of main memory causes the VWB to replace stale data being returned 

from memory with fresh data from the DWB, and that SALL VAL+ is asserted to set all the 

valid bits in the VWB location. Applying this to the examples shown in Figure 26-6, we see 

that all of these examples turn into one of the patterns shown in Figure 26-5. Thus, 

"unaligned writes" require two memory accesses to be written into memory. 

The WB uses a modified LRU algorithm referred to as Last Written (LW), in which only the 

last piece of data used is tracked. The MTOPS includes a L W latch which is controlled by 

signal L WG-. Whenever the latch is opened the current value of the WB pointer (in latch 

L WBA) is copied into the L W latch. In practice, the L W latch is only updated during 

WACK operations. The WB pointer value of the last piece of data that entered the WB is 

therefore always known. 

The MTOPS must decide which memory access should be done next using the sorted VWB 

patterns and the value in the L W latch. The decision is easiest when no write pending bit 

is set. In this case, the MTOPS doesn't assert any of its request lines, and everyone is happy. 

The decisions get harder as the number of locations with write pending bits set increases. 

The WB location whose pointer value is currently in the L W latch is disregarded. The data 

ref erred to by the _value in the L W latch is the MOST recently used, and therefore is most 

likely to be used again soon. Data in the WB location pointed to by the L W latch is 

therefore :NEVER a candidate to be written out to memory. 

The following paragraphs describe the decision . process for the four combinations of write 

pending bits. 

• If only one location has a write pending bit set it is the LW location. No request 
line is asserted. 
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FIG. 26-5. Aligned Write VWB Patterns 

I I I 11 I 
I 1 1 I 1 I 1 11 I 
I I I 11 L 

64-bit aligned write 

I I I II 
I 1 1 I 1 I 1 II 0 
I I I 11 

I I II 
I 1 0 I 0 11 0 
I I II 

32-bit even aligned writes 

I I I 11 
I 1 1 I I 1 11 0 
I I I II 

I I I I II 
I e I e I 1 I 1 11 0 
I I I I 11 

32-bit odd aligned writes 

• If two locations have a write pending bit set, the one whose value matches the 
L W latch's value is disregarded. If the other one is an aligned write the MTOPS 
asserts its write request signal. If it is an unaligned write no request line is 
asserted. 

• If three locations have a write pending bit set, the one whose value matches the 
L W latch's value is disregarded. If one or both of the remaining locations is a 
64-bit aligned write, the MTOPS asserts its write request signal. If no 64-bit 
aligned write is present but one or both of the remaining locations is an aligned 
write, the write request signal will also be asserted. If both remaining locations 
are unaligned writes, the read request signal is asserted. In the cases where both 
locations have the same type of operations to do, the location with the higher WB 
pointer value is chosen by default. 

• If all four locations have a write pending bit set, the one whose value matches 
the L W latch's value is disregarded. Of the remaining three locations, if any of 
them is an aligned write the MTOPS · asserts its write request signal. If all three 
are unaligned writes, the read request signal is asserted. Ties among multiple 
locations with the same type of operation pending are again broken by WB pointer 
value. Aligned 64-bit writes take precedence over aligned 32-bit writes. 
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FIG. 26-6. Unaligned Write VWB Patterns (Examples) 

I I I II I 
I 1 e I e I e II 0 I 
I I I II I 

I I I II 
I 1 1 I 1 I e II 
I I I II 

I I I II I 
I 1 1 I 1 I e II 0 I 1 
I I I II I 

I I I 11 
I e 1 I 1 I e II 1 

I I I 11 

I I I II I 
I e e I e I 1 II 0 I 
I I I II I 

Table 26-2 summarizes this information. 

TABLE 26-2. MTOPS Decision Chart 

Number of Locations 
w/ Write Pendings set Request ? 1st choice 2nd choice 3rd choice 

0 No 

No 

2 Only if 64 bit 32 bit 
aligned 

3 Yes 64 bit 32 bit uno I i gned 

4 Yes 64 bit 32 bit uno Ii gned 

When a decision has been reached the MTOPS sends the request pointer to the VWB for 

possible use in WB pointer generation. 

The request signals referred to in the discussion above are sent to the Memory Timer (MT) 
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which evaluates them when it decides which MT routine to execute next. In addition to the 

read and write request signals there are two other signals which help the MT vector to the 

correct routine. The first indicates a 64-bit write is present, while the second indicates 

whether a 32-bit write is even or odd. These signals are only meaningful when the write 

request signal is asserted. 

One special case is not shown in Table 26-2. (Yes, there' ARE exceptions to every rule.) The 

decision rules just described make it possible for data to go into the WB and never come out. 

Consider the following sequence of CPU writes: 

1. The CPU writes 16 bits to memory which are placed in WB location 0. (This 
can only occur if locations 3, 2, and 1 are currently in use, and none of them 
detects a hit.) 

2. The CPU writes data to memory which is placed in some WB location other than 
location 0. 

Location 0 is not the last written location. The MTOPS can consider it as a candidate to be 

the next memory operation it requests. Location 0 contains an unaligned write. Unaligned 

writes aren't requested until there are three write pending bits set in the VWB. One of 

those locations with its write pending bit set is the last written location, leaving one other 

location besides location 0 under consideration. If that location contains an aligned write it 

gets requested before the unaligned write in location 0. If that location contains an unaligned 

write it gets requested before the unaligned write in location 0 because its WB pointer value 

is higher. Either way, when the access for the other location is finished its write pending 

bit is cleared, leaving two write pending bits set. The unaligned write in location 0 is no 

longer considered. 

This scenario doesn't happen frequently, but it can happen. When it does occur, it effectively 

makes the WB only three locations deep, impacting system performance. To get around this, 

the MTOPS detects when there is an unaligned write in location 0 and that location 0 is no 

longer the last written location, and empties the WB by requesting all pending accesses in 

turn. This is an automatic function similar to DENALLOPs+ described in the next section. 

The MTOPS is implemented in the PADBUF VLSI chip. 

26.2.6 WB Diagnostics 

Three diagnostic signals are available in the MC diagnostic register to control MTOPS functions. 

They are: 

DSINGOPS+ 

DENALLOPS+ 

Forces the WB to appear full whenever one write pending bit is set. 

Instructs the MTOPS to request any pending memory operation immediately, 
regardless of the value in the L W latch or the number of locations with 
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write pending bits set. Memory operations are requested in the order shown 
in Table 26-2 until the WB is empty. 

DISLW+ Instructs the MTOPS to include all locations in the decision process, even the 
location referenced by the LW latch. This has the effect of altering the "1 
write pending" line in Table 26-2 to look identical to the "2 write 
pendings" ·line. 

Another diagnostic function in the MC diagnostic register is the FBADP+ bit. This bit 

instructs the AWB to force the MA parity bits to be a "1" during all memory accesses. This 

is a useful way to force bad parity onto MA to test the memory arrays. 

These four bits are all set inactive by microcode at system initialization time. They can be 

accessed by the PMA instruction MDWC. 

There are three other diagnostic signals in the MC diagnostic register which are used in 

initializing the WB. These bits force the WB pointer to some known value. These bits are 

accessible only by microcode. 

26.3 CPU Request & Acknowledge 

A memory write is initiated when the microcode DEST field specifies MEMWRITE or MEM32. 

The MC decodes the fact that a write request is pending, and at CS8+ of the microcode step 

it: 

1. Latches the address sent across BB from the S unit with signal BBL+ 

2. Clocks the data sent across BD from the E unit with signal TDATIN+ 

3. Sets a busy signal (MBSY-) so no other CPU request can occur until the address 
and data just received have been processed 

4. Sets an internal write request (CPWRTREQ-) to notify the write buffer logic that 
information is available to be processed if the write buffer is available 

A memory read operation is initiated by 1 of 2 methods: 

• a cache miss, or 

• when the mierocode IAC field specifies READHSM64 (Read High Speed Memory 64 
bits) 

In both cases the memory address is latched as in step 1 above, and an internal read request 

(CPREADREQ-) is activated to tell the WB that a read has been requested. MBSY- is also 

asserted here as in step 3 above. 

Step 4 above refers to WB availability. The WB is available for STREAD and WACK 

operations if both of the following are true: 
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• The previous WACK operation is finished. 

• The MT is inactive, or, if it is active, it is finished using the WB for the memory 
operation it is controlling. 

26.3.1 CPU Write 

When a write request is posted, the MC logic starts the Write ACKnowledge (WACK) chain 

as soon as the WB is available. The signal PW ACK- is asserted and clocked at End of Beat 

(EOB) to become WACK+/-. This starts off the WACK chain of events. 

WACK+ goes through a series of registers which produce delayed versions of WACK+ every 

beat. These signals are used to differentiate among the different beats of the WACK chain, 

and assist in the proper sequencing of operations. There are three delayed versions of 

WACK+ in the WACK chain, DlWACK+, D2WACK+, and D3WACK+ ·respectively. Each 

one beat long. The operations carried out during a WACK chain are discussed below on 

beat by beat basis. 

• Prior to the WACK chain starting, the latched main memory address is sent to the 
WB which compares it against the four A WB locations. If the address matches one 
of the locations, the WB asserts the HIT+ signal. 

• WACK - The WACK chain asks for the WB pointer as shown in Table 26-1. If 
a hit is detected, the hit pointer is used. If a hit is not detected, the free pointer 
is used instead. The signals WBADMUX{2:3}+ tell the WB whether to use the hit 
or free pointer. The WB pointer is sent to the DWB RAMs to select a location 
into which to store the data. 

Signal WACK+ is sent to the WB on input pin LAING- which latches the address 
at the input to the WB for the duration of the write cycle. 

It is also gated to become signal LMTOPSG- which closes the WB latch that 
contains the MT operations to be requested. This prevents the upcoming update of 
the VWB from propagating spurious requests through the MTOPS logic to the MT. 

• Dl WACK - Once the WACK chain has started, the 74AS646 transceivers which 
hold the data that was clocked from the E unit are turned on to drive data in 
the direction of the WB RAMs. Either 16 or 32 data bits will be written into the 
RAMs based on the microcode destination field. The write pulses to the data RAMs, 
TWBDH- and TWBDL-, are half beat signals and are active during the second half 
of DlWACK. 

The appropriate valid and write pending control signals are also clocked into the 
WB during the seoond half of Dl WACK with signal V ALMEMG-. In addition, the 
address is clocked during the last half of this beat with signal ADDMEMG-. The 
latched main memory address is written into the A WB, while the VWB is clocked 
with the SETWP+ command and either the MERGEV AL+ command, if there was a 
hit, or SETV AL+ if there wasn't. 
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• D2W ACK - Signal MBSY- was asserted at CS8+ of the microcode step that issued 
the memory write. This is sent to the PCU. Its purpose is to hold up the pipeline 
should the microcode issue any other memory reads or writes before the MC logic 
has had a chance to process the existing write. Once the address, data, and 
appropriate status information have been written into the WB, the busy signal 
(MBSY-) goes inactive ,and the MC is then ready to accept more reads or writes 
from the CPU. This happens at the beginning of D2WACK. The system's processing 
of instructions will not be affected in any way by this signal except, if another 
memory operation is requested before the present one has been processed, the 
pipeline will be held up. 

D2W ACK- also goes into the WB on input LSTWRTG- to tell the write buffer to 
update the value in the LW latch. 

• D3W ACK - This is used to end the ABORT sequence during a write. ABORTs 
will be discussed in detail in section 26.4.2. 

26.3.2 CPU Read 

The STREAD chain is started in a fashion similar to that described for WACK. The 

STREAD chain generates and uses the delayed STREAD signals DlSTREAD+, D2STREAD+, and 

D3STREAD+. Each is one beat long. The operations performed by the STREAD chain are 

discussed below on a beat by beat basis. 

• STREAD - The latched memory address is compared as it was in the WACK 
chain, and the same hit decision is made. STREAD+ is also delayed by one TMCLK 
to become DSTREAD+, which is gated further to become MUXLAOUT +. This signal 
controls a mux in the WB that sends the proper address to the output latch which 
in turn will be sent to the memory arrays. 

• DlSTREAD, D2STREAD - Delay beats to allow time for subsequent operations. 

• D3STREAD - During the last half of this beat, the address is clocked into the WB 
with signal ADDMEMG-. The valid bits are cleared with signal V ALMEMG- if 
there was a miss, else they remain set. 

ABORT, which was mentioned in the WACK chain, goes active with STREAD and 
remains active until D3STREAD goes away. 

• The MT operation starts up in parallel with the STREAD chain of events and 
continues on after the STREAD chain is finished until the read operation has 
completed. 

The Memory Timer (MT) logic is activated with a request to the ,priority encoding 
logic by signal STREAD+. The MT addressing logic vectors to the MT routine 
which controls the reading of main memory. The memory address is sent out 
through the A WB to all memory array boards over memory address bus MA. Each 
memory array board examines the received address to see if that address is within 
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its address range. The board that detects an address range match starts up its 
internal read logic. 

When the data is ready, the MT logic clocks the first 32 data bits from the 
memory arrays into the memory data bus (MD) data transceivers with signal 
MTDIN+. From there the data bits are sent to the ECC circuitry to check for any 
ECC Correctable (ECCC) or ECC Uncorrectable; (ECCU) problems. Parity is 
generated on the , returning data at the same time. 

All the data and parity bits are latched in a latch which connects MD with the 
BD transceivers. Stale data returning from memory is replaced with valid data 
from the DWB if necessary. This is accomplished by logic which examines the 
valid bit pattern for the current WB location in use. This guaranteed fresh, 
carrected data is written into both the BD transceivers and the DWB RAMs. ,...hf' 
data is automatically written into the WB just in case there was an ECCC 
detected so we may then write the corrected data back out to memory. The 
pending bits are set only in the case of an ECCC. 

Assuming no ECC problems, the MT logic brings the second 3'.t bits into fr 
receivers and processes them as it did the first 32. After the first 32 bits have 
been clocked into the BD transceivers, the MC notifies the CPU that it has data 
ready for it by asserting the signal MDA TA V +. The CPU issues IAC MRDY when 
it wants the first 32 data bits. This IAC will hold up the pipeline until it sees 
signal MDATAV+ sent from the MC unit. When MDATAV+ is asserted, the CPU 
takes the first 32 data bits from the transceivers and puts them either in cache or 
where the microcode specifies, or both. The MC logic knows that the first 32 bits 
have been taken because it sees signal MCTOBD- sent from the BD arbitration 
logic, which says the data can be put onto BD. The MC logic will keep 
MDA TA V + asserted until it sees MCTOBD-. 

After the first 32 bits have been taken, the second 32 data bits are then placed in 
the DWB RAMs and the BD transceivers. The second 32 bits will be taken by the 
CPU for a cache miss, and may or may not be taken otherwise depending on 
what is specified by .the microcode. If the microcode wants the second 32 bits, it 
issues IAC MCONBD which places the data from· the BD transceivers onto BD. If 
it does not want the data, the data will remain in the transceiver until 
overwritten by data from a subsequent read of main memory. 

All reads from memory are 64 bit reads, whether or not all 64 bits are required. 
When the memory cycle is completed, the MT releases MBSY- so the CPU will be 
able to process the next read or write when required. 

26.4 Memory Timer 

The .MT logic is used whenever it is necessary to read, write, or refresh the main memory 

arrays. This logic consists of: 

• Prioritization logic which resolves conflicts in case of simultaneous requests 
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• Addressing logic which sequences through the routines 

• PROMs whose data is the control for the memory and other MC logic 

• Registers to stabilize the PROMs' outputs 

• Various control circuitry 

Memory Timer 

The priority encoding logic takes request inputs from various subsections of the MC logic and 

encodes the outputs in the following priority (highest to lowest): 

1. REFRESH - requested by refresh logic 

2. NOP - requested by a flip-flop set by SYSCLR-

3. CPU ST A TUS READ - requested by microcode 

4. CPU READ - requested by S unit (cache miss) or microcode (IAC READHSM64) 

5. 64-bit MT WRITE - requested by WB MTOPS logic 

6. 32-bit MT WRITE (odd) - requested by WB MTOPS logic 

7. 32-bit MT WRITE (even) - requested by WB MTOPS logic 

8. MT READ - requested by WB MTOPS logic 

CPU requests always have priority over WB requests, and refresh always has priority over 

everything else. 

The NOP routine, as the name suggests, does nothing. Its only purpose in life is to keep WB 

requests from occurring when returning power to the CPU after having been in battery 

backup mode. When returning from battery backup mode, there is no guarantee what kind 

of requests may be coming from the WB until it has been initialized. Therefore it may start 

requesting memory accesses which could destroy the data in memory which the MC labored so 

hard to keep correct during battery backup mode. When power is restored, a flip-flop is 

asynchronously set by SYSCLR-. It asserts a MT NOP request constantly. Whenever a 

refresh request isn't pending (most of the time) the NOP routine will be executed, keeping the 

WB from getting a request in. The flip-flop is reset by microcode after it has initialized the 

WB. 

When one or more request(s) are pending, the pr10nt1zation logic outputs the highest priority 

request as an encoded value. These signals, MTREQ-, MTOP2-, MTOPl-, and MTOPO- flow 

through an open latch to go to control circuitry and to some of the MT address register 

inputs. After the latch closes with signal MTACTIVE-, the three signals MTOP{2:0}+ are 

clocked to become three of the four most significant address bits to the MT PROMs. These 

PRIME RESTRICTED 



Memory Controller Unit Detailed Description 4150 Funct. Spec. 
Page 331 

three bits break the MT PROMs into eight different routines. Each of these routines may be 

up to 32 beats (PROM locations) long. 

Once the PROMs are addressed to start off a routine, the subsequent addresses are controlled 

by the clocked outputs of one of the PROMs. We thus ma:y go anywhere within a 32 

location routine by changing the five least significant address bits. This is analogous to a 

microcode next address. field. Indeed, there are even MT 'conditional branches. 

Once an MT routine has been started, the signal TMT + is activated. TMT + clocks the outputs 

of the PROMs and the next PROM address. This signal cycles until the MT routine is 

completed. 

The following example of a REFRESH request will show the manner in which all MT 

operations cycle. 

1. The refresh circuitry posts a refresh request which is fed into the prioritization 
logic as signal GMTRFREQ-. 

2. The prioritization logic output MTREQ- goes low signifying that some request is 
pending. The encoded signals MTOP{2:0}- all go low signifying that a REFRESH 
request is the highest priority request pending. 

3. These signals flow through an open latch to become signals LMTREQ- and 
LMTOP{2:0}-. From there they go to the inputs of the MT address register, and to 
circuitry which sets signals MTACTIVE+/- and, one beat later, PlMTACTIVE+/-. 

4. The combination of MT ACTIVE+ active and PlMT ACTIVE+ inactive causes the 
LMTOP{2:0}- signals to be clocked as MT AD{7:5}+ and clears the five least 
significant MT address bits (MTAD{4:0}+). The eight address bits now address 
location 0 of the MT PROMs, which is the first location of the REFRESH routine. 
(The three signals LMTOP{2:0}- will remain the same while the other five bits 
will change to point to subsequent locations within the routine as we execute the 
MT operation.) 

5. Signal PlMT ACTIVE- allows signal TMT + to occur, which clocks the PROM 
outputs to sequence through the operation. During the routine, appropriate MT 
signals flow from the MT to other parts of the MC and to the memory arrays to 
control the various operations. 

6. When the MT operation is complete, the signal MTDONE- shuts off MTACTIVE+ 
and, one beat later, PlMT ACTIVE+ signals. This in turn stops TMT + from cycling 
and opens the LMTOP{2:0}- latch to allow any new pending requests to be 
honored. 

All MT operations occur in the same manner. The main differences between the different 

operations being: 

• The prioritization logic will point the upper three address bits to a different 32 
location routine based on the highest priority input request. 
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Memory Timer 

• Different MT PROM output control signals will become active based on whichever 
routine is executing. 

All MT operations sequence in basically the same manner. In order to access the memory 

arrays, whether refreshing, writing, or reading we need the following items: 

• Memory address provided either from the WB or the refresh circuitry 

• MREQ- which is the memory request signal 

The following paragraphs highlight some of the MT signals, and show when and how they 

are used. 

When writing to memory, we will do either a 64-bit, 32-bit odd, or a 32-bit even write, 

based on the request from the WB. The sequence through each of the three routines is 

approximately the same with the exception of which write control signals. are sent to the 

memory arrays. 

• On a 64-bit write, the even word is sent to the memory array first. MT signal 
MLDIEV+ latches these bits onto the arrays. The odd word is sent to the array 
next. These bits are latched with signal MTLDIOD+. Signals MWEEV- and 
MWEOD- tell the memory array to write the even and odd 32 bits respectively 
in to memory. 

• On a 32-bit write, only the appropriate 32-bits would be sent along with either 
MLDIEV+ and MWEEV-, or MTLDIOD+ and MWEOD-. 

As the data destined for memory is latched at the output of the DWB RAMs, it is also sent 

to the ECC logic to generate the 7 check bits which are written with each 32 data bits. 

When we say we write 32 data bits to memory we always write the check bits with them, 

so each write is actually 39 or 78 bits. 

During a cache miss or a Read High Speed Memory operation, the memory array is started up 

by signal MREQ- as usual. When the data is ready to be returned, the signal MDOSELEV- is 

sent active to the array if the even word was requested first, or inactive if the odd word 

was requested first. 

When data is brough~ back from the memory arrays, it is clocked into a set of transceivers 

and driven onto bus MDATxx (an MC internal version of MD) while parity is being 

generated on the returning data. At the same time, the data is sent into the 74ALS632 ECC 

chip where it checks for ECCCs and ECCUs. MT signal MTCORRERR- becomes active .for one 

beat to tell the MT next address logic to look at signal ERR- which comes from the ECC 

chip. If ERR- is active, there has been an error detected a'.nd the next MT step will be in the 

error correction portion of the MT routine. ERR- is the jump condition for the MT's two-way 

branch to different sections of the read routine. While in the error correcting routine, the MT 
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signal MTEDACSO+ is asserted to latch the data into the ECC chip, and MTMDEN- is removed 

to stop the transceivers from driving the returned data. MTOEBX- and MTOECBX- are asserted 

to drive the corrected data from the ECC chip to bus MDATxx where it takes the normal 

path of data being returned from memory. The data is written into the WB (as is all data 

returned from memory), and the write pending bit is set if there was an ECCC. It is not 

set on an ECCU. If it were, the ECC chip would gener.ate proper check bits on the bad data 

on the subsequent write to memory. When this data was next read from memory, there 

would be no error detected and we would think we are operating on good data. When an 

error is detected, the MT ECCC/ECCU routine is executed, which adds 3 beats to the memory 

read routine. 

The code used to generate ECC check bits is shown in Table 26-3. Table 26-4 shows the 

interpretation of the syndrome field. This field is returned during a read status MT routine. 

Check Bit 

0 
1 
2 
3 
4 
5 
6 

I 
I 
I 
I 
I 
I 
I 

TABLE 26-3. ECC Check Bit Generation 

Doto Bit 
1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 

2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 

x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x 

x x x x x x x x x x x x x x x x 
x x x'x x x x x x x x x x x x x 

x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x 

x bits on each row are XOR'ed together to form the indicated check bit. 
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TABLE 26-4. Syndrome Bits 

Bi ts 
1234567 Meaning 

0001010 correctable error at data bit 1 
0001111 correctable error at data' ~it 2 
~010010 correctable error at data bit 3 
0010100 correctable error at data bit 4 
0010111 correctable error at data bit 5 
0011000 correctable error at data bit 6 
0011011 correctable error at data bit 7 
0011101 correctable error at data bit 8 
0100010 correctable error at data bit 25 
0100100 correctab e error at data bit 26 
0100111 correct ab e error at data bit 27 
0101000 correctab e error at data bit 28 
0101011 correctab e error at data bit 29 
0101101 correct ab e error at data bit 30 
0110000 correctab e error at data bit 32 
0110101 correctab e error at data bit 31 
0111111 correctab e error at check bit 0 
1001011 correctab e error at data bit 17 
1001110 correctab e error at data bit 18 
1010011 correctab e error at data bit 19 
1010101 correctab e error at data bit 20 
1010110 correctab e error at data bit 21 
1011001 correctab e error at data bit 22 
1011010 correct ob e error at data bit 23 
1011i00 correct ab e error at data bit 24 
1011111 correctob e error at check bit 1 
1100011 correctab e error at data bit 9 
1100101 correctab e error at dot a bit 10 
1100110 correctab e error at data bit 11 
1101001 correctab e error at data bit 12 
1101010 correctable error at data bit 13 
1101100 correctable error at data bit 14 
1101111 correctable error at check bit 2 
1110001 correctable error at data bit 16 
1110100 correctable error at data bit 15 
1110111 correctable error at check bit 3 
1111011 correctable error at check bit 4 
1111101 correctable error at check bit 5 
1111110 correctable error at check bit 6 
1111111 no error 

All other syndromes indicate an uncorrectable error. 

26.4.1 Read Status 

During certain times it may be ne~essary to read the status of the MC. This is accomplished 

by doing a modified Read High Speed Memory operation. The microcode first issues IAC 

RDST AT, which sets the addressable latch RDST AT+. When this is set, all READHSM64 

operations are detected as status reads, which have higher priority in the MT priority logic 
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than data reads. The MT routine vectors to the read status routine which, instead of 

accessing main memory, gets status information from the logic and places it on BD as though 

it were data from memory. The first 32 bits brought back consist of: 

· • 4 parity bits from, the A WB 

• 2 unused bits 

• 1 of 5 encoded DNET a:nd CS parity bits (other 4 in 2nd word) 

• 25 address bits from the A WB 

The second 32 bits brought back consist of: 

• Two memory size bits 

• Control Store parity error 

• Error bit 15 for ECCCs and ECCUs 

• Missing Memory Module error 

• ECCU error 

• Data or Memory address parity error 

• IIO parity error 

• 4 bus MCBD parity error bits 

• 4 bus MDAT parity error bits 

• 4 of 5 encoded DNET and CS parity bits (other 1 in 1st word) 

• 4 Memory address parity bits 

• ECCC error 

• 7 syndrome. bits indicating which bit was corrected on an ECCC 

The data is brought back in the following manner: Signal MTRDST AT- is gated and enables 

MA to be driven onto MD. MD is then enabled onto MDA Txx just as if it were data 

returning from memory. The ECC checking circuitry is not enabled, parity is generated on the 

bits, and they are then sent via the BD transceivers to the E unit. The second 32 bits are 

likewise placed onto MDATxx when MT signal MTSTAT- becomes active. Parity is generated 

and the data sent to the E unit as before. 
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26.4.2 MT Abort 

Memory Timer 

Refresh, CPU reads, cache misses, and CPU writes should and do take priority over WB 

requested memory operations. One method of doing this is utilizing the priority encoding 

scheme with the WB operations having lower priorities. ABORT logic allows a WB operation 

to be aborted even after it 'has been started if a higher -Priority request becomes active. WB 

operations may only be ab<;>rted if they have not yet issued MREQ- to the memory arrays. If 

they were to be aborted after this time the memory array contents could become 

unpredictable. 

Once the MT operation has started and before it makes signals GOKWRT + and GOKRD+ 

inactive, (OK to write and OK to read, respectively) they may be aborted. When a read is 

requested and the signal GOKRD+ is still active the STREAD chain starts. The signal ABORT+ 

is made active with STREAD+ and stays active through D3STREAD+. If a write is requested 

and GOKWRT+ is still active, the WACK chain starts. ABORT+ is made actfve with WACK+ 

and stays active through D3W ACK+. 

ABORT+ prevents the lower priority WB requests from happening in the MT prioritization 

logic. If one is already happening, it shuts the MT off and allows the higher priority request 

to be honored. 

26.4.3 MT Diagnostic Features 

The following MT diagnostic registers are accessible only by microcode: 

• DGSELBF AD+ forces the WB address mux to point to the WB location specified by 
signals DGBF AD{2:3}+ instead of the normal hit mechanism. 

• DISERCOR+ inhibits the MT addressing logic from looking at ECCCs and ECCUs. 

• DSMPLEM{1:4}- tell the logic to ignore any parity error received from memory 
array boards 1 thru 4 respectively, one bit per board. 

• PDMTMODE+ is clocked and becomes the high order address bit of the MT PROMs, 
which allows diagnostic testing of the MT logic with routines in the private half 
of the PROMs. 

26.5 Memory Configurations 

When the memory array boards are inserted into the backplane they are each connected to 

common signals MEMSIZEA- and MEMSIZEB-. These signals are pulled up by two resistors on 

the MC. The purpose of these signals is to show the largest size memory array board 

installed in the backplane. This is translates directly into MB/slot. Table 26-5 shows how 

these signals are interpreted. 
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TABLE 26-5. Memory Configuration Slot Sizes 

AB Slot size SHFTCTRf1:2J+ 

11 
10 
0x 

4 MB 
8 MB 

16 MB 

01 
00 
10 

Page 337 

The initialization routine reads these two bits, the two highest order bits of the status word. 

It then sets two bits in the MC diagnostic register, SHFTCTR{1:2}+. These bits tell the A WB 

shift logic how to shift the upper memory address bits based on the memory available. Table 

26-5 shows the required settings for these bits. 

The shift logic necessary to do slot selection was designed into the PADBUF VLSI chip very 

early in the project. While it was anticipated that 32 MB memory array boards would be 

available during the 4150's lifetime, 4 MB was thought to be required, and 64 MB was 

conside .. ed to be an acceptable upper limit on memory size. 

The memory configuration rules are as follows: 

1. Only 8 MB Abel, 16 MB Cain, and 32 MB Cain boards may be used. 

2. Always 
used. 

3. Always 
may be 
may not 
used. 

begin in slot #l and do not skip slots unless the 32 MB Cain boards are 

skip the next slot when using a 32 MB Cain board. 32 MB Cain boards 
placed only in slots 1 and 3. If there is one 32 MB Cain board, slot 2 
be used. If there are two 32 MB Cain boards, no other boards may be 

4. Always put the highest density remammg board in the next legal slot. Thus, 
exhaust the supply of 32 MB boards before inserting 16 MB boards and exhaust 
the supply of 16 MB boards before inserting 8 MB boards; 

Table 26-6 shows the legal memory configurations. 
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TABLE 26-6. 

64 MB Configurations 

Slot 2 3 4 Slot 

32 32 
32 16 16 
16 16 16 16 

48 MB Configurations 

Slot 2 3 4 Slot 

32 16 
16 16 16 
16 16 8 • 8 (See Note 1) 

32 MB Configurations 

Slot 2 3 4 Slot 

32 
16 16 
16 8 • 8 (See Note 1) 

8 8 8 8 

16 MB Configurations 

Slot 2 4 Slot 

Memory Configurations 

56 MB Configurations 

2 3 4 
-. 

32 16~ 8 
16 16 16 8 

40 MB Configurations 

2 3 4 

32 8 
16 16 8 
16 8 • 8 • 8 

24 MB Configurations 

2 3 4 

16 8 
8 8 8 

8 MB Configurations 

2 4 

16 8 
8 8 

NOTE 1: 8 MB holes are created in memory where indicated by the 
asterisks in the configuration tables. These produce some additional 

Memory Configurations 

(See Note 1 ) 

Primos memory management overhead and should be avoided when possible. 

26.6 Refresh 

The MT refresh operation has already been discussed in the MT section. What remains to be 

discussed is the generation of the refresh address and the request. The signal BPCFCLK+ is 

provided by the buffered output of a 5 MHz crystal. The refresh circuitry takes this same 

crystal output and uses it as a clock to a counter whose carry out pulses approximately every 

16 microseconds. This carry out ;s also used as a clock to another counter whose outputs are 

the refresh addresses. We thus change to a new address with each carry out of the first 

counter, RFREQ-. This signal is clocked and recirculated until the MT priority logic has 

accepted it and started a MT REFRESH operation. It is then reset until the next counter 

overflow, which is in approximately 16 microseconds. 
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When in the MT Refresh routine, signal ENRFAD+ allows the twelve refresh address bits onto 

MA in place of the address lines from the A WB. 

26.7 Parity Checking/Generating 

Parity is checked in two places: 

1. on bus MCBD as data comes into the WB RAMs on a write, and 

2. on MDATxx data latched at the output of the WB RAMs before the data is 
written to memory. 

During a CPU write the data is clocked into the BD transceivers. When the WB is available, 

the drivers are enabled onto MCBD (an MC internal version of BD). Parity checkers check 

the parity and the result is clocked at the end of D2WACK. 

The parity circuitry 6n MDATxx has two functions: 

1. Check parity on the data out of the WB RAMs destined for memory, and 

2. Generate parity on data read from memory, or on corrected data from the ECC 
logic, which is to be sent to the rest of the CPU. 

Nine-bit parity checker/generators are used in a dual purpose mode. 

When reading data from memory, 

checker/generator while the ninth 

checker/generator becomes the proper 

on the bus and is sent along with 

CPU logic. 

the eight data bits are placed 

bit input is forced low. 

parity for the eight data input 

on the inputs of the 

The output of the 

bits. This signal is placed 

all the data bits to be latched and sent to the WB and 

On a MT write to memory, the outputs from the RAMs are latched and sent to the same 

parity checker/generators. All nine bits are sent to the chip. The same output this time going 

high signifies a parity error, while no error is detected if it remains low. The error signals 

from all four checker/generators are combined and sent to the error reporting logic. 

26.8 Error Reporting 

There are four categories of errors reported in order of significance: 

1. MISMOD - Missing Memory Module 

2. ECCU - Uncorrectable memory error 

3. DAT ADPE - data parity or memory address parity error 
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4. ECCC - correctable memory error 

Error Reporting 

When a memory array read or write operation takes place, the selected memory array sends 

back a signal MSEL VAL- meaning a valid memory array was accessed. The MT looks at this 

at the appropriate time and, if no valid signal is seen, causes FMISMOD+ to be set. This 

causes a Missing Memory Module Trap when FMISMO:Q+. reaches -the PCU. If subsequent 

MISMODs occur before the. trap condition is cleared out, the last trap address to occur will be 

reported, not the first. 

On a read from the memory arrays, the ECC checking circuitry has already been discussed. 

The resulting error, ECCC or ECCU is sent to the error detecting circuitry, and if no higher 

priority error already exists, will be clocked and reported to the PCU to be handled 

appropriately. The address that contained the first ECCU to cause a trap will be reported 

even if more occur before the trap condition has been cleared out. 

On a memory array operation, the array checks the address parity and sends back an error if 

one was detected. This memory address parity error is combined with the two previously 

discussed data parity errors. If no higher priority error exists, it is clocked as FDATADPE+ 

and sent to the PCU. The first occurrence of a parity error will be reported, not any 

subsequent parity errors until the condition has been cleared out. The same holds true for 

ECCCs. 

Any error detected will remain active unless followed by a higher priority error. The error 

is be cleared by IAC ACK.PE, acknowledge parity error. 

26.9 Battery Back Up 

Battery Back Up (BBU) is used to keep the main memory refreshed during a power failure. 

This occurs when the Diagnostic Processor (DP) senses a power failure and sends notification 

to the MC logic. The MC switches a mux from the normal refresh circuitry to a BBU mode 

upon receiving this notification. It also asserts ENALLOPS+ so that the MTOPS will empty 

the WB before the power goes off. (The DWB RAMs are not backed up. so any data 

remaining in them when the power goes off is lost.) 

The signal MRFSH- is asserted constantly to tell the memory array to do a refresh cycle 

whenever it sees a request (MREQ-). MREQ- is fed from the refresh address counter in this 

mode of operation. 
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26.10 VLSI Usage 

The AWB, VWB, and MTOPS sections of the WB are implemented in VLSI in a slice fashion. 

Two PADBUF VLSI chips are used for this purpose. 

26.11 Critical Paths 

The path from the time the memory address is latched into the MC until the WB pointer is 

latched during a CPU memory access must be less than 2.5 beats. 

Setting MBSY- on the MC unit on a READ or WRITE and sending it to the S unit is a one 

beat path. 

26.12 Timing Diagrams 

TMCLK+ -1 

FENEOB+ -1 
,_, 1-1 ,_, 1-1 , __ , 

WACK+ 

D1WACK+ 

D2WACK+ 

D3WACK+ , __ 
TWBDH/L- 1--1 

ABORT+ , __ 
LMTOPSG-

FIG. 26-7. WACK Timing Diagram 
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Timing Diagrams 

TMCLK+ _, 1-1 1-1 j_j 1-1 1-1 1-1 1-1 1-1 1-1 1-1 

FENEOB+ _j 1--1 j __ j 1--1 1--1 j __ , 

STREAD+ 

D1STREAD+ --------

02STREAD+ -------------

03STREAD+ ------------------

ABORT2+ 

MUXLAOUT+ ------

MTACTIVE+ --------

P1MTACTIVE+ ------------

LAOUTG-

MTLOAD-

, __ 
, __ 

TMT+ j __ j 

FIG. 26-8. STREAD Timing Diagram 

26.13 91SS Comparisons 

The MC logic for the 4150 is completely different from that of the 9755. The major 

differences are: 

• The 4150 has one MT, as opposed to the two MTs on the 9755. Each memory 
word is 64 bits wide (plus check bits) and is broken down into two 32-bit half 
words. Each half goes to a separate memory board on the 9755, while all bits in 
the word go to the same board on the 4150. Since each 9755 memory board only 
contained 32 bits (plus check bits) a separate write or read was required for each 
32 bits required, thus a separate MT was required for each half word. Each 4150 
memory board contains 64 data bits. Separate MTs are, therefore, no longer needed 
since all data bits are written to the one board. 

• In the 9755 ·a memory array read could only occur when the WB was empty. 
This insured that the CPU was not getting stale data from memory. This is not 
necessary on the 4150. The MT can replace stale data from memory with the 
fresh data from the WB "on the fly". This results in much faster throughput, 
since there is no time wasted in emptying the WB whenever a read is requested. 

• The 9755 data bus consists of two 32-bit (plus check bits) data buses. The 4150 
data bus consists of one 32 bit (plus check bits) data bus. The data is sent over to 
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the memory board 32 bits at a time, latched on the memory array, and written 
into the array either 32 bits or 64 bits at a time depending on the operation 
specified. 

• Merges on writes are fully associative on the 4150, but could only occur on 
successive mergable writes on the 9755. 

• A completely new memory array board is used with the 4150, employing 256K (8 
MB boards) or 1 MB (32 MB boards) DRAMs and supporting the new memory bus 
design. 

• The 4150 is able to support 16 and 32 MB memory arrays and address up to 64 
MB of main memory. The 9755 was limited to 32 MB. 

• The ECC logic is completely different between the two processors. The 4150 
utilizes an ECC chip to check/correct data, while discrete logic with a different 
code was used on the 97 55. 

• The MC logic on the 4150 contains DMx support since the I/O logic is tied very 
closely to the Memory Controller. This allows I/0 data transfers to take place 
between the 1/0 interface and the MC without the use of BD. 

• There are 12 refresh address bits on the 4150 while there are 8 bits on the 9755. 
This is to accommodate the larger RAM size on the memory array boards and to 
provide extra bits for future expansion if needed. 

• The 4150 has Battery Back Up (BBU) capability. The MC provides refresh to the 
memory array boards in the case of a short term power failure to maintain the 
integrity of data in memory. 

26.14 Partitioning 

All the MC functions described in this chapter are implemented on the CMI board, which is 

discussed in chapter 30. BD arbitration is handled by the E unit and is discussed in 28. 

The MC will not drive BD until the arbitration logic on the E unit sends signal MCTOBD- to 

the MC. The MC drives BD while this signal is active. 
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27. 1/0 Interface Detailed Description 

The Input Output (I/O) logic has the job of controlling the transfer of data from memory to 

a peripheral controller (Output), and the transfer of data from a peripheral controller to main 

memory (Input). The. manner in which this trans~e~ occurs ls different than on previous 

Prime machines mainly because the I/O data path logic ~esides on the same logic board as the 

Memory Controller (MC). The result of this is that the data being transferred does not go 

across BD as it did in all previous machines for DMx operations. 

Because the data on an input transfer goes directly into the DWB RAMs from the BPD 

transceivers, and because data for output transfers is placed into these same transceivers on a 

memory read, the control of I/O transfers is very closely tied to both the microcode and the 

memory timer logic. The address to/from BPA still goes across BD as on other CPUs, since 

BPA resides on a different board than the BPD transceivers. 

27.1 DMx Control 

The Bus Peripheral Control (BPC) signals are asserted under microcode control. They are 

produced by decoding microcode IACs which are clocked at CS8+ into 74AS194 register parts. 

The BPC signals have the same meaning and conform to the I/O specification as in all other 

Prime CPUs. 

A request for a DMx transfer is honored by the microcode trapping out of its natural 

execution sequence. The microcode then enters the DMx microcode routine. This starts an I/O 

address phase, which is described below: 

1. IAC SDEN (Set DMx ENable) is issued, which sets FDEN+ at CS8+. This signal is 
buffered and sent to all the controllers as signal BPCDEN+. 

2. All controllers which have a data request pending assert their request signals, 
BPCDRQ{l:lO}-. 

3. The I/O arbitration logic picks the controller with the highest priority and asserts 
that controller's grant line DMXORINT{Ol:lO}+. All other grant lines are reset. The 
controller with the highest priority is the one with the highest slot number. 

4. IAC RDEN (Reset DMx ENABLE) is issued, which resets FDEN+ and BPCDEN+ at 
CS8+. The controller which has won control of the bus starts driving the BPC 
mode lines with a code which indicates what kind of DMx transfer is being 
requested. Table 27-1 shows these values. It also drives BPA with the necessary 
address calculation information. 

S. IAC LBPAMOD (Latch BPA MODe lines) is issued, which causes the BPC mode 
lines to be latched for use in the jump net. 
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6. IAG SDCPN (Set DMx Clear Priority Net) is issued, which causes BPCDCPN+ to be 
set at CS8+. This tells the controllers that the address phase is over and that all 
unserviced requests should be requested again .. All grant lines are reset. 

7. IAC RDEN is issued, which resets BPCDCPN+ at CS8+. The microcode branches on 
the mode lines .to, determine which type of DMx transfer has been requested. 

Note that IAC RDEN resets both BPCDEN+ and BPCDCPN+. 

TABLE 27-1. BPC Mode Line Decoding 

BPC Mode Lines 
OMx Modes M000+ M001+ M002+ M003+ INMOD+ 

OMO 0 0 0 0 0/1 
I 11 ego I 0 0 0 1 0/1 
I I I ego I 0 0 0 0/1 
I I I ego I 0 0 1 1 0/1 
16-b it OMA 0 0 0 0/1 
16-bit burst OMA 0 0 1 0/1 
I I legal 0 1 0 0/1 
32-bit burst OMA 0 1 1 0/1 
OMT 0 0 0 0/1 
16-bit burst OMT 0 0 1 0/1 
I 11 ego I 0 1 0 0/1 
I 11 ego I 0 1 1 0/1 
OMC. 1 0 0 0/1 
I 11 ego I 0 1 0/1 
I I I ego I 1 0 0/1 
I 11 ego I 0/1 

BPCINMOO+ = 1 imp I ies input transfer (to CPU) 
BPCINMOD+ = 0 implies output transfer (to controller) 

An i I legal request wi II cause a machine check. 

The following sections describe the data transfer when the controller requested a 

DMA/DMC/DMT/DMQ IN and then a DMA/DMC/DMT/DMQ OUT transfer. The data transfer 

phase is the sa,me for all four types of transfers. The address calculation is slightly different 

in each, and may be based on data from the register file, main memory, or from the 

peripheral controller, depending on the type of request. 
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27.2 DMA/DMC/DMT /DMQ IN 

DMx Control 

1. The microcode issues IAC SSTROB (Set STROBe) which is clocked at CS8+ as 
ISTRB+. This is clocked one TMCLK later, is buffered, and sent to the controller as 
BPCSTRB+. This makes the controller start driving BPD with the data to be 
transferred. 

2. The microcode sets · a:nd resets BPCDEN and latches the mode lines as discussed in 
section 27.1. This action overlaps the next address phase with the current data 
phase, which yields an overall time savings in cases when there are more DMx 
requests pending. 

3. The address calculation is done: 

• For DMA, the address is taken from the address register of the DMA register 
pair pointed to by BPA. It is written into RMA. Both the address register 
and the range register are incremented. If the incremented range register 
value is 0, BPCEOR+ is asserted by the 1/0 interface hardware. 

• For DMC, the address is taken from the first memory location pointed to by 
BPA. This a · '1ress is written into RMA. The memory location where it 
came from is updated with the incremented value. The original 
unincremented value .is compared with the value in the next memory 
location. If these values are equal, BPCEOR+ is asserted by the I/0 interface 
hardware. 

• For DMT, the address on BPA is written into RMA. BPCEOR+ is never 
asserted. 

• For DMQ, the address on BPA is the address of a Queue Control Block (QCB) 
in memory. A DMQ input transfer is analogous to the PMA ABQ (Add to 
Bottom of Queue) instruction. Queues and the ABQ instruction are discussed 
in the System Architecture Reference Guide. BPCEOR+ is asserted by the 1/0 
interface hardware if the current transfer fills the queue. 

4. The microcode is.sues IAC ENBPDIN (ENable BPD IN) to allow the BPD transceivers 
to turn on and drive from BPD toward the Write Buffer (WB). The same step 
also issues a memory write request and IAC TBPD (Trigger BPD). IAC TBPD is 
clocked at CS8+, and is used to clock the BPD data into the 74ALS646 
transceivers. The memory write request causes the S unit to drive RMA onto BB 
to be used as .the memory address as in a normal write operation. 

5. From this point on, the MC logic takes over as it would on a normal memory 
write operation with one exception. The data to be written into the WB is taken 
from BPD instead of BD. The 1/0 data is written into the write buff er and then 
proceeds to memory as does all other data. 

6. The microcode issues IAC RSTROBE (Reset STROBe), which resets BPCSTRB+. This 
tells the controller to stop driving BPD. 
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27.3 DMA/DMC/DMT/DMQ OUT 

1. The beginning steps in DMA/DMC/DMT /DMQ OUT routines are the same as for 
DMA/DMC/DMT/DMQ IN routines. The microcode issues IAC SSTROB, overlaps 
another address phase, and does the address calculation as for the corresponding 
input operation.· 

• The address calculation for DMQ OUT is an exception. A DMQ output 
transfer is analogous to the PMA RTQ (Remove from Top of Queue) 
instruction. Queues and the RTQ instruction are discussed in the System 
Architecture Reference Guide. BPCEOR+ is asserted by the I/0 interface 
hardware if the queue is empty when the transfer begins. In this case, a 
special microcode path is taken which sends 0 to the controller as data. 

2. A memory read operation is executed in place of a memory write. 

· 3. IAC ENBPDOUT (ENable BPD OUT) is issued, which turns on the BPD transceivers 
and enables them to drive BPD. 

4. When the data returns from memory, it is handled in the normal manner (checks 
and corrects for ECCC, stale memory data replaced by the WB), and it is put into 
the normal BD transceivers and sent to the rest of the CPU. The data is not 
needed on the E or S units, so it is simply ignored. As it is being processed 
normally, it also is being clocked into the 74ALS646 BPD transceivers via signal 
TBPD+, which is generated from IAC TBPD. 

5. The microcode issues IAC RSTROBE, which resets BPCSTRB+. The controller uses 
this trailing edge to clock the data on BPD. 

27.4 Burst DMA Mode 

Burst DMA mode is basically the same as normal OMA except that four 16-bit words are 

transferred during each data phase instead of the normal one word. In order for this to 

happen, certain requirements must be met. There must be at least four words remaining to be 

transferred, and the address must be aligned on a MOD4 boundary. These conditions are 

verified by DMx microcode, using the E unit for any calculations. The result is sent to the 

EOR logic of the 1/0 interface, which will assert BPCEOR+ during the data phase if the 

burst increments ·the range register to zero. 

If the requirements are not met the DMx microcode reverts to the normal OMA .transfer 

sequence. 
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27.4.1 Burst DMA IN 

1. The address phase is the same as for any DMA request. 

Burst DMA Mode 

2. IAC SSTROB is issued to set BPCSTRB+. This tells the controller to send the first 
16-bit data word. 

3. IAC SBSTRB (Set Burst STRoBe) sets signal FBSTRB- at CS8+. This signal is gated 
such that BPCBSTRB+ is active during stage 8 and inactive during stage 7. Each 
trailing edge of BPCBSTRB+ causes the controller to send the next 16-bit data 
word. The first 16-bit word is clocked in a set of BPD transceivers by signal 
TBPD+, generated from IAC TBPD. 

4. The second word is clocked into another set of transceivers with signal TBPD2+, 
generated from IAC TBPD2. 

5. The third word is clocked into another transceiver by signal FW64+, generated 
from IAC W64 (Write 64 bits). This sanie microcode step starts up a normal 32-
bit memory write operation. What really happens is a 64-bit write operation from 
the BPD transceivers to the WB. IAC W64 modifies the WACK chain into a 
Super WACK (SWACK) chain to accomplish this. As the WACK chain starts up 
we already have three of the four words necessary to do the write. 

6. SW ACK chain logic clocks the fourth 16-bit data word into another set of BPD 
transceivers during Dl WACK, at the same time as it is clocking the first two 
words into the WB from the first two sets of BPD transceivers. IAC RSTROB is 
issued, which resets BPCSTRB+ and also deactivates FBSTRB- and subsequently stops 
BPCBSTRB+ from pulsing. 

7. The SW ACK chain logic writes the other two data words into the WB from the 
last two sets of BPD transceivers during D3WACK. 

27.4.2 Burst DMA OUT 

Burst DMA OUT is the same as DMA OUT, except that all four data words returned from 

memory are clocked into the BPD transceivers. They are clocked in 32 bits at a time as they 

are received from memory. These are enabled onto BPD by microcode in turn. The 

· microcode issues BPCSTRB+ and BPCBSTRB+ as it did for burst DMA IN mode. 

27.5 32-Bit Burst DMA Mode 

The 4150 was to have supported this new I/O mode which transfers twice as much data per 

data phase as regular burst mode. The implementation of this mode ran into some problems. 

The hardware designed into the I/O interface to support this mode was shown to be 

insufficient to yield the desired performance during the performance testing phase of the 

processor's development. It should be stressed that the mode works, and that the 4150 can 
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support it. However, since the performance improvement of this mode over regular burst 

mode was only 10 - 15%, the mode was shut off. This was accomplished by making the 

microcode go down the normal burst mode path for all wide word burst mode requests. 

Should there be a midlife kicker to this machine, this mode could . be made active and 

productive by the addition of three 74ALS646s to the VO interface. 

27.6 Extended DMA 

There is a new 1/0 mode called extended DMA. This new mode allows channel reg.lsters to 

exist in memory or in the register file for DMA transfers. If the BPA address is greater than 

31 decimal (37 octal), the channel pair is in memory. If the address is equal or less than 31, 

the address is in the register file. The channel pairs must reside in the first four segments. 

Logic looks at the upper 13 of the 18 BPA address bits, and if they are all zero, the channel 

pair resides in the register file as previous DMA did. If any of these upper bits are non-zero, 

the channel pair is in memory. Extended DMA transf~rs proceed exactly like normal DMA 

transfers, except that each address phase is longer because of the fetch of the channel pair 

from memory. 

27.7 Programmed 1/0 

There are four Programmed 1/0 (PIO) instructions which may be executed by the CPU: 

1. OCP - Output Control Pulse 

2. OT A - Output from the A register of the CPU 

3. INA - Input to the A register of the CPU 

4. SKS - Skip if Ready Set 

The microcode enables the BPA transceivers to drive BPA with 16 bits which contain the 

opcode, function code, and controller address. It then asserts signal BPCPIO+, which tells all 

controllers to decode the last 6 BPA bits to see if it is its address. (Each controller has a 

hard-wired 6-bit .device address for the purposes of ,this comparison. No two controllers are 

allowed to have. the same device address.) The controller that detects its own address then 

drives BPCREDY-. If a controller responds ready to an INA, OTA, or SKS, the CPU drives 

BPCSTRB+, which causes the controller to execute the command. The microcode then resets 

BPCSTRB+ and BPCPIO+. The CPU skips the next instruction if a controller asserted 

BPCREDY-. 

The data destined for the controller on an OTA is placed into the BPD transceivers and 

enabled onto BPD while BPCSTRB+ is active. IAC IODAT (I/O DATa) allows the BD 
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transceivers to pass live data from the E unit to BPD, bypassing the internal transceiver 

registers. IODA T is used for both OT A and INA instructions. During an OT A instruction, 

IAC OTA enables both the BPA and BPD drivers to drive the 110 bus. 

27 .8 Parity Checking 

Parity is checked on the pata placed onto MCBD by the BPD transceivers during DMx input 

transfers. This operation is similar to that which takes place during normal CPU write 

operations. The parity checkers check for good parity as the data is being written into the 

WB RAMs. One minor difference is that during a burst input operation the parity is checked 

twice, once as the first 32 bits are being written, and again as the second 32 bits are written. 

On a PIO INA instruction the parity is checked on BD as it is transferred from the 1/0 

interface logic to the E unit. 

On output DMx and PIO OTA transfers, parity is checked on BPD as signal BPCSTRB+ is 

being reset. It is not checked on BURST transfers as each BURST controller checks parity 

anyway. 

27 .9 Required 1/0 Con troll er Revision Levels 

Certain 110 controllers must be at a specified revision level to work in a 4150 or 4050 

system. Table 27-2 shov,rs these requirements. 

TABLE 27-2. I/O Controller Required Revision Levels 

Board Name Slang Name Model Number Part Number Revision 

IDC3 Koala 6580 TLA10019-001 R 
MSTC Minnow 2382-003 TLA10234-001 R 
MPC4 7010T SPL91521-91 H 

STSC Streamer 2301-901 AA 
A SYNC LAC ICS3 CLAC304 ESA10063-001 c 
BMTC Mar Ii n 2023-001 N 
PNC II 2384-001 G 

27.10 Timing Diagrams 
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FIG. 27-2. BPCSTRB and BPCBSTRB Timing 

TMCLK+ -1 1-1 1-1 1-1 1-1 1-1 IJ /_I 1-1 1-1 1-1 1-1 

FENEOB+ -1 1-'-1 1--1 1___; 1-1 1---1 1-1 
___;I 

CS8+ I. I I 
I 

BPCSTRB+ (CS8 + TMCLK) 

BPCBSTR8+ I__/ I (...CS8) 1--

FIG. 27-3. 64 Bit Write Timing (SW ACK Chain) 

TMCLK+ -1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 

FENEOB+ _1 1-1 1_1 1-1 1-1 1-1 

WACK+ 

01WACK+ 

02WACK+ 

TWBDH/L- 1--1 1--1 

27.11 9755 Comparisons 

The logic is implemented completely differently from the 9755 and all other Prime CPUs. 

The differences ate so vast that it is easier to list the similarities: 

1. Both machines transfer data between main memory and 1/0 controllers using a 
combination of hardware and microcode control. 

27.12 Critical Paths 

During an input burst · mode operation . the SW ACK. chain writes 64 bits into the WB RAMs 

in the same time a normal write does 32 bits. The timing is critical throughout this 

operation. Refer to Figure 27-3. After the first 32 bits are written at the end of 

DlWACK+ three critical things must happen in the next beat: 

1. Hold time must be met for the data just written. 

2. The least significant bit of the WB pointer must be changed. 

3. The BPD drivers which were driving the first 32 bits must be shut off, and the 
BPD transceivers with the second 32 bits must be turned on. 
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27.13 Partitioning 

Critical Paths 

The BPA interface and I/O arbitration logic (BPC request and grant lines) are implemented on 

the E board, which is discussed in chapter 32. The rest of the BPC interface, the BPD 

interface, and the EOR hardware are implemented on the CMI board, which is discussed in 

chapter 30. 
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28. Bus D Arbitration Detailed Description 

The Bus D (BD) arbitration logic is needed to prevent TTL tristate clashes. BD can be driven 

by any CPU unit, but the E unit is normally driving the bus. To prevent any tristate 

clashes, the E unit .always stops driving BD one TMCLK+ -before some other unit needs 

control of the bus. When the other unit no longer - rie~ds control of the bus, that unit stops 

driving BD at CS7+, ·and the E unit starts driving at least one TMCLK later. 

28.1 E Unit 

The signal EUTOBD- tells the E unit that no other unit is driving BD and the E unit can 

now drive it. In most situations the E unit is driving the bus. 

28.2 MC Unit 

The signal MCTOBD- goes from the arbitration logic to the MC. This signal tells the ' 

that no other unit is driving BD and the MC can now drive it. The timing for this tram 

is shown in Figure 28-1. 

FIG. 28-1. Transfer of BD Control, E to MC 

TMCLK+ LI ,_, ,_, ,_, ,_, 1-1 ,_, ,_, ,_, 1-1 ,_, ,_, ,_, u 
CS7+ I I 

EUTOBD- ,_ 
MCTOBD-

CS8+ 
t t 
t CMI DRIVES BO t 
t t 

28.3 S Unit 

The signal ISONBD- goes from the arbitration logic to the S unit. This signal tells the S 

unit that no other unit is driving BD and the S unit can now drive the bus. Figure 28-2 

shows the timing of this transfer. 
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28.4 BPA 

FIG. 28-2. Transfer of BD Control, E to S 

- -TMCLK+ '-' '-' ,_, ,_, ,_, ,_, '-' ,_, 1-1 ,_, ,_, ,_, '-' ,_, 

CS7+ I __ , -. 

EUTOBD- --1 

ISONBD-

CS8+ 
t 
t 
t 

IS DRIVES BD 
t 

t 
t 

The signal BPA TOBD- tells the 110 interface logic that no one else is driving BD, and tb1 

BPA can be placed on BD. The BPA logic only drives BD during DMx address phase. I 

only drives BDH{1:16}+ and BDL{15:16}+, so parity can only be checked on BDL during t; .• : 

time. Figure 28-3 shows the timing of the control transfer. 

FIG. 28-3. Transfer of BD Control, E to BPA 

TMCLK+ ,_, ,_, ,_, ,_, ,_, 
'-' 

,_, ,_, LI ,_, ,_, 1-1 1-1 1-1 

CS7+ I I I 

CS8+ I 

BPATOBD-

EUTOBD-
t BPA t 
t DRIVES t 
t BD t 

28.S PDA 

The PDA can drive. BD during a FORCEBCY operation, or when loading either memory or the 

decode net. During this time the PDA drives only BDH{01:16}+, so BD parity must not be 

checked at this time. Normally, if no other unit is driving BD, the E unit takes control of 

the bus. During a BDH branch, BD is selected as the ALEG of the ALU, causing the E unit 

to stop driving BD. By default, the PDA drives BDH data. Figure 28-4 shows the timing of 

this control transfer. 
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FIG. 28-4. Transfer of BD Control, E to PDA 

TMCLK+ LI LI LI 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 LI 

CS7+ I I - I 

PDAFBCY-

EUTOBD- --------------- 1-___ , 
css+ 

28.6 VLSI Usage 

t PDA t 

tDRIVES t 
t BO t 

No VLSI chips are used in the implementation of the BD arbitration logic. 

28. 7 Critical Paths 

Page 357 

The critical path through the BD arbitration logic starts at CS7+ and ends half a beat later. 

The current BD driver must be shut off in this time to prevent tristate clashes with the new 

BD driver, which will be getting on the bus starting at CS7.5+ 

28.8 9755 Comparisons 

The 9755 was an ECL machine. No TTL tristate clashes could occur so there was no BD 

arbitration logic. 

28.9 Partitioning 

The BD arbitration logic is implemented on the E board, which is discussed in chapter 32. 
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29. Processor Diagnostic Aid Detailed Description 

This chapter details the operation of the hardware component of the PDA. Details of the 

host software functionality can be found in the PDA Host User's Guide. 

The most useful feature of the PDA is to dynamically capture the the state of an executing 

machine. 

The PDA can be divided into several functional parts: stack, halts/delays, event counter, 

control store interface, sense registers, BDH interface, and the microprocessor. 
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29.1 Stack 

The stack on the PDA is a pre-increment stack, meaning that the stack address increments 

prior to the write pulse. The write pulse is only inhibited ·during a stack read cycle and 

therefore is always happening unless a stack read is in progress. If there are any inhibits on 

any particular beat the stack address remains the same for ihe next .. beat, .overwriting the 

inhibited data. 

The stack and its associated logic comprise the most critical path in the PDA. Once every beat 

the logic on the PDA must sample the state of the CPU busses, store that data into the stack 

RAMs and sample data for the next beat. Due to the timing involved, the data is stored in 

registers which are clocked by BEATCLOCK+, a PDA version of FENEOB+. Another version of 

BEATCLOCK+ called STKCLK+ is used to clock the stack address counters that determine the 

stack address. 

Due to the possibility of skew, part delay and write pulse delay, meeting worse case design 

constraints was accomplished only by considerable tuning of the wr~te pulse. 

29.1.1 Inhibits 

Stack inhibits are used to effectively get more stack depth by gating off the clock to the 

stack address counter during certain conditions. 

29.1.1.1 Microcode Label Trace 

The PDA can be made to trace microcode labels only, by only allowing stack address counter 

to increment when TRCML+ is active. In this case only the beats during which TRCML+ is 

active will be stored in the stack. 

29.1.1.2 EHOLD I GHOLD 

The PDA can Inhibit on GHOLD or Inhibit on EHOLD which prevents the stack address 

counter from clocking during a GHOLD+ or an EHOLD+ condition. 

GHOLD+ is a one beat signal that happens at the beginning of each cache miss. EHOLD+ is a 

signal that remains on for the duration of a cache miss or other pipeline hold condition. 

29.1.1.3 Multi-Microcode 

The operator can set, an Inhibit on Multi-Microcode condition, in which case the i;tack 

address counter is prevented from clocking whenever there is no INIT- clock. This effectively 

allows only the microcode's PMA entry points to appear in the stack. All other microcode is 

inhibited from the stack. It appears that the stack is saving only the PMA level instructions. 

Certain entry points do not indicate the true instruction under execution. Examples of this are 

indirection and shared PMA entry points such as BCOM16. 
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29.1.2 Storing Data into the Stack 

Stack 

74AS574s take a snapshot of the backplane every beat. Every rising edge of BEATCLOCK+ 

makes these devices clock the data and keep it steady for the proper setup and hold times for 

the stack RAMs. Some of these registers feed the data through 2 to 1 muxes. This allows 

some testing of the stack RAMs by feeding known good diagnostic data into the data inputs 

of the stack RAMs (lK x ,4 static RAMs with separate input and output pins). 

The clock signals are sampled by 74AS194s at TMCLK+ with a clock enable connected to 

FENEOBFRA+, the free running enable end of beat. BBH and BBL need special treatment 

because they are driven onto the backplane by a VLSI chip. The PDA uses 74ALS573s to 

latch this data before the end of beat and 74ALS574 registers to hold this data at the end of 

beat. This technique is also used on other less critical signals. 

29.1.3 Reading Data from the Stack 

The PDA stack RAM outputs are tristated together in groups of 5. These groups go through a 

4 to 1 mux onto the Z80 data bus. The read of the stack is mu.ch less critical than the 

write, since it is done by the Z80 at its speed, and the RAMs are very fast relative to the 

Z80. The operation of reading the stack is done by disabling the write pulse Cunder Z80 

control), incrementing the stack once (done by a Z80 command), and reading the 20 bytes of 

data at that stack location. Reading each of the 20 bytes is done by mapped memory on the 

Z80 microprocessor. The Z80 then increments the stack address and the operation continues 

until the entire stack is read. 

29.2 Sense Registers 

The sense registers on the 4150 PDA detect when a specific condition exists in the CPU. This 

allows the operator to halt the CPU to determine why that condition exists, or to trigger the 

stack which will make information about how the machine ended up in that state available 

to the operator. 

29.2.1 SRl and SR2 

Sense registers 1 and 2 have the ability to signal a match condition when they determine that 

a specific microcode· address has been executed. Some microcode address of interest is placed in 

the sense register, which is actually a set of 8-bit comparators with latches on the input. 

When the microcode address (or BCY) of interest appears at the inputs, it signals the match 

on the output and is registered. This registered output is used in the halt and delay circuits. 
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29.2.2 SR3 

Sense register 3 will signal the halt/delay circuit that a virtual address match has occurred. 

SR3 is connected to the Bus Virtual Memory Address (BVMA), and can be set to examine EA 

(BVMA during TRCML+) or RP (BVMA during CSl+). RP values by definition must be 

even, that is, the least significant bit must be zero. 

29.2.3 SR4 

Sense register 4 is the sense register you've been wa1tmg for. Until now, the PDA had to 

determine in advance what the operator might want to compare data against. Now, SR4 has 

inputs coming from all the CPU boards, allowing SR4 to look at any signal in the machine. 

Each CPU board has an open collector driver that receives input from testpoints which are 

placed strategically around the board. The output of the driver is connected in a wired-AND 

configuration with the other CPU boards on the backplane. These four signals feed into the 

PDA and become SR4. The operator has the option of setting a trigger or halt based on any 

SR4 pattern. 

Caution: Wires left connected to these binding posts must be removed in any production 

systems. This is due to the fact that on some occasion, a board that has something wired to it 

may be returned for work and at that time a technician may wire something else into SR4 

and this may cause misleading results with 2 or more signals driving SR4. 

29.3 Halts and Delays 

The halt and delay triggering in the 4150 PDA is functionally equivalent to previous 

machines. 

29.3.1 Halts 

Halts happen when the operator sets a halt condition on some sense register match. When this 

condition is set, the Halt/Delay logic generates a signal called GPDAHALT-, which goes to a 

register. The clocked version, PDAHALT-, goes to all the CPU boards, which suspends all 

clocks except TMCLK+ and those required for memory refresh. 

29.3.2 Delays 

Delays work in much the same way as halts except the Halt/Delay logic generates 

GDLYTRIG+ (instead. of GPDAHALT-), which starts the delay counter. When the delay 

counter reaches zero the stack address counter stops issuing new stack addresses, and the PDA 

holds the stack data. Write pulses continue to occur, continually overwriting the last pre­

incremented address. The last entry in every triggered stack dump is always trash because of 

this action. 
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29.4 Event Counter 

Halts and Delays 

The event counter in the 4150 PDA allows the operator two basic operations. First, it allows 

the operator to trigger the stack or halt the CPU when, for example, thirty-five iterations of 

LDA have happened. The other operation it can do is to count the number of LDAs that 

have been executed. 

The counted object could ·be such things as SR1, SR2, SR3, SR4 matches, GHOLDs, or DMx 

operations. One unused input is available on the multiplexer that controls this counted event. 

This allows seat-of-the-pants debug; if the operator wishes to see some other event counted, 

s/he can add one wire and see the desired count. 

Warning: The event counter counts beats, not occurrences. For example, if it is set to count 

occurrences of DMx, and one DMx operation occurs during which the signal FDMX+ is active 

for 15 beats, the event counter will be incremented by 15, not 1. 

29.4.1 Loading 

The event counter is loaded from the Z80 bus, and it requires that a single enable end of 

beat (SENEOB+) be generated by the microprocessor. 

29.4.2 Reading 

The Z80 in the PDA can read the value of the event counter by doing a read from the 

event counter memory mapped address. There are 4 bytes of data in the event counter and 

the microprocessor needs to do memory mapped reads from four different locations. 

29.4.3 Selecting Events to Count 

The event counter incorporates a multiplexer as described above to enable the counter to count 

a variety of specific events. The output of this mux is gated into the clock circuits of the 

counter to only allow a clock pulse into the counter when the mux sees the prescribed event. 

29.S Control Store Interface 

The control store interface allows the PDA to load and read control store. It employs a 

parallel tristate interface and four open collector control lines for control. 

29.5.1 Reading/Writing Control Store 

The PDA can read and write the control store. To do this, it first asserts DPOFF-A and then 

SYSCLR+B (2 of the control lines). This tells the control store that an access is to occur. 

There are four open collector control lines that the control store unit looks at to determine 
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which operation to do. These control lines are to be physically connected to identical control 

lines coming from the diagnostic processor. These control lines are made up of three control 

bits that determine the operation to be performed by the CS unit, and one clock signal which 

is sent whenever the data on the DPDAT A bus becomes valid. The control signals are be 

manipulated by Z80 software. The function of DPOFF-A is to tell the Diagnostic Processor 

that the PDA has control of the bus, and that it should not interpret the switching on the 

control lines as requests from the CPU. It also forces the Diagnostic Processor to force its 

tristate data bus drivers into their high impedance state. 

The four control signals are CNTl, CNT2, CNT3, and DPCLOCK. Their decoding is explained 

in Table 29-0. The signals are left in a high state when unused due to their open collector 

nature. 

Operation CNT1 CNT2 CNT3 DPCLOCK 
CPUACK+A DPFULL+A CPUREo+A DPREo+A 

NOP 1 + 
load RBCYL 0 + 
Load RBCYH 1 0 0 + 
Read CS 0 1 + 
Write CS 1 1 0 + 
Begin 0 0 + 
Unused 0 0 0 + 
Unused 0 0 + 

TABLE 29-1. Control Store Command Table 

Further details of the Diagnostic Processor interface are discussed in chapter 16. 

29.6 BDH Interface 

The BDH interface allows the PDA to load CPU memory, decode net, and force microcode 

execution address (FORCEBCY). Much of what is done with this interface is under control of 

the CPU microcode. In order to initiate any operation of this interface, the PDA asserts 

PDAFRBCY- to the CPU. This signals the CS to vector to control store location '77. At this 

location, the microcode reads BDH and operates on its value. During this time the PDA takes 

control of BDH and drives it with a command which tells the CPU what operation it is 

requesting. 

When the PD.A decides to use the BDH interface for some function, it starts a chairi of 

events that synchronizes with TRCML+ and drives the signal PDAFRBCY- to the CPU for one 

beat. After two CS8+ clocks occur, the PDA is driving BDH to the E unit for it to operate 

on. The next CS7+ ·will cause the PDA to release BDH and cause execution to take place by 

. microcode control. 
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FIG. 29-2. 
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Bit Number I 1 2 I 3 I 4 I s 6 I 7 I s 9 - 16 

BDH COMMAND BYTE 

Command byte: 

$01 
$02 
$03 
$10 
$11 

$12 

DATA BYTE 

8 9 16 

Doto byte interpreted as: 

$dd = high address byte 
$dd low address byte 
$dd = high data byte 
$dd = low data byte 
$xx= don't care; 

write data to memory; 
increment memory address 

$dd = last data byte for DNET; 
write to DNET; 
increment DNET address 

NOTE: DNET is 20 bits wide; therefore three bytes are 
needed ta write a word. Only the top nibble of 
the third byte is used. 

NOTE: When the high bit of BDH is set, the rest of BDH 
is interpreted as a BCY location for a BDH branch: 

BDH1 
BDH2-8 gets latched to BCYH 
BDH10-16 = gets latched to BCYL 

TABLE 29-2. Table of PDA BDH Commands 

29.6.1 FORCEBCY 

BDH Interface 

If the PDA puts a "l" in the most significant bit of BDH the microcode interprets the 

command as a FORCEBCY. In this case, the least significant 14 bits, BDH 3 - 16, are 

interpreted as a microcode address, and the microsequencer will then vector off to that address. 

PRIME RESTRICTED 



Processor Diagnostic Aid Detailed Description 4150 Funct. Spec. 
Page 367 

29.6.2 Load Decode Net 

The load of the decode net is executed in three steps, load high address, load low address, and 

load data. 

29.6.2.1 Load High AO.dress 

Loading the decode net is accomplished by first signalling to the microcode that a decode net 

address is to be specified. The code for loading the high side of the address is in bits 6 - 8. 

Bits 9 - 16 contain the high side of the decode net address to be loaded. 

29.6.2.2 Load Low Address 

The low side address is specified in a similar manner. The command for loading low side 

address is in bits 6 - 8, and the address bits are in data bits 9 - 16 again. 

29.6.2.3 Load Data 

The decode net data is loaded in a similar fashion by asserting the command 'Load first 

decode net byte', and by sending the most significant byte of the decode net data in the data 

area. This operation is repeated by loading the second and third decode net data bytes (the 

decode net has 20 bits per entry). When asserting the command for the third byte of decode 

net data, the decode net data is taken from temporary registers in the CPU and actually 

placed in the decode net. This happens under microcode control. The microcode then 

increments the decode net address so that the PDA doesn't have to load the next address. 

29.6.3 Load Memory 

To load memory from the PDA a similar operation to loading the decode net is performed. 

The differences are: the commands for loading the address are different, and there are only 2 

data bytes for each address. The second byte writes the data to memory and increments the 

address pointer under· microcode cbntrol. 

29.7 Microprocessor 

As previously mentioned, the 4150 PDA uses a Z80 microprocessor operating at a clock speed 

of 2.5 MHz for a resultant cycle time of 400 nanoseconds. The following is the memory 

mapping for the microprocessor. 

PDASTAT0 EQU $E000 Read only 
PDASTAT1 EQU $E001 II 

CNTR1. EQU $E002 Write On I y 
CNTR2 EQU $E003 
CNTR3 EQU $E004 II 

CNTR4 EQU $E005 
HSR1H EQU $E008 
HNEWCLK EQU $E009 
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HSR1L EQU $E00A 
HSR2H EOU $E008 
LDBDHL EOU $E00C 
HSR2L EQU $E00D 
RDCPDAT EOU $E00E Read Only 
HSR.381 EQU $E010 Write On I y 
HSR.382 EQU $E011 
HSR.383 EQU $E012 
HSR.384 EQU $E013 
SNDCPDAT EQU $E014 
CLKCPDAT EOU $E015 
ENCSCTRL EQU $E016 
CNTR5 EQU $E017 
EX DH NH EQU $E018 
EXDHNL EQU $E01C 
LD8DHH EQU $E01D 
ENDLY EQU $E01E 
RESET EQU $E01 F 
STACK EQU $E020 Rea Only 
8YTE01 EOU $E020 
8YTE02 EQU $E021 
8YTE03 EOU $E022 
8YTE04 EQU $E023 
8YTE05 EQU $E024 
BYTE06 EQU $E025 
8YTE07 EQU $E026 
BYTE08 EQU $E027 
BYTE09 EOU $E028 
BYTE10 EQU $E029 
8YTE11 EQU $E02A 
8YTE12 EQU $E028 
8YTE13 EQU $E02C 
8YTE14 EQU $E02D 
8YTE15 EQU $E02E 
8YTE16 EQU $E02F 
8YTE17 EQU $E030 
8YTE18 EQU $E031 
8YTE19 EQU $E032 
8YTE20 EQU $E033 
EN EXT EQU $E038 Write Only 
DLYCTH EQU $E03C 
DLYCTL EQU $E03D 
PDAREQ EQU $E03E 
LDEC1 EQU $E040 
LDEC2 EOU $E041 
LDEC.3 EQU $E042 
LDEC4 EQU $E043 
FRCWRT EQU $E044 
RDEC1 EQU $E048 Read Only 
RDEC2 EQU $E049 
RDEC.3 EQU $E04A 
RDEC4 EOU $E048 
HSR4 EOU $E04C Write Only 
FR8CY EOU $E04D 
SENE08 EQU $E04E 

The Seri a I Ports ore configured as f o I I ows: 

STANDALONE PORT READ DATA A000 
STANDALONE PORT READ STATUS A001 
STANDALONE PORT READ MODE REG - A002 
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STANDALONE PORT READ COMMAND - A003 
STANDALONE PORT WRITE DATA A004 
STANDALONE PORT WRITE STATUS - A005 
STANDALONE PORT WRITE MODE A006 
STANDALONE PORT WRITE COMMAND - A007 

HOST PORT READ l;>ATA C000 
HOST PORT READ STATUS C001 
HOST PORT READ MODE REG - C002 
HOST PORT READ COMMAND - C003 
HOST PORT WRITE DATA C004 
HOST PORT WRITE STATUS - C005 
HOST PORT WRITE MODE C006 
HOST PORT WRITE COMMAND - C007 

29.8 PDA Configurations 

The 4150 PDA can be configured in a variety of fashions. 

29.8.1 PDA Debug Configuration 

This typically will use a Mink Diagnostic Processor, an assignable line, and a terminal. The 

stand alone port of the PDA is set up as a debug port. From this port, which is accessed 

using the Mink 'MO PDA' command, a variety of debug routines that aid in diagnosing PDA 

problems . are available. The assignable line can be used for verifying that communication is 

possible between the host system and the PDA board. 

The self diagnostics that are available from the stand-alone port are described below: 

29.8.1.1 PDA Self Diagnostics 

· The· PDA supports self diagnostics via the stand alone port that is accessible via the Mink's 

'MO PDA' command. If the CPU is running and executing functional code, the operator can 

type 'VERY H' or 'VERY L' once s/he has the PDA> prompt. This will cause the PDA self 

diagnostics to run. The H argument for the VERY command means that the user wants the 

diagnostics to stop when an error is encountered, and the L argument means that the operator 

wants the PDA to loop on the error test, thereby allowing a technician to find the source of 

the problem. PDA stand alone code will print an error message on the · screen indicating the 

circuit in error and will give the technician ideas on where to start. 

The following are the possible PDA error messages while running VERY: 

• Delay Counter Carry Out Test Failed. Check for inability to load. 

• Memory Test Failed. 

• Sense Register Test Failed. Check for functional microcode running first. 
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• SRl TEST FAILED. 

• SR2 TEST FAILED. 

• Delay Trigger Test Failed. Check for proper clocks. 

• Event Counter Test Failed. 

• End of pass. 

• Verify passed. 

• Verify failed. 

29.8.2 Manufacturing CPU Debug Configuration 

PDA Configurations 

The PDA requires an assignable AMLC line from a host CPU which is executing the PDA 

HOST CO[,E. Connected to this host CPU will be a PT200 terminal. The PT200 is needed due 

to host code dependency on its 132 column format. 

29.8.3 Customer or Field System Configuration 

If a customer system or a system at some other field site has another known good system, 

then that site can do a similar setup as the manufacturing configuration. If this system is 

the only one available and it requires the use of a PDA, the PDA can be inserted into the 

system under test. The host code and microcode database can be installed on the system under 

test and an assignable line from the system under test must be connected to the PDA. A 

phantom user can set up the conditions under which the PDA should trigger, and it can then 

be left for the offending error to happen. At this point, presumably, the system has halted, 

and once the system is restarted, the system can initiate a process to get the stack dump 

information and store it in a file. The stack dump of the offending error can be used to 

determine the problem. 

The PDA will retain the stack dump information in all cases unless, of course, the power has 

been removed from the system. 

29.9 How to Debug the PDA 

The debug station for the 4150 PDA should include the following: 

• PT200 terminal 

• Z80 emulator 
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• Mink Diagnostic Processor 

• Fully functional 4150 CPU 

The following is the progression of steps in verifying PDA functionality: 

• Verify ZSO executes in wait loop 

• Verify stand alone communication via Diagnostic Processor. 

• Verify communication status from host system. 

• Update and load control store from PDA and determine that it in fact is loaded 
into control store by using Diagnostic Processor "MO ECS" command. 

• Execute PDA self verify tests from Diagnostic Processor terminal. 

• Start system executing microcode and observe stack dumps. 

• Verify sense registers 1, 2, and 4 in both halt and trigger modes. 

• Verify SR3 operation by getting virtual memory addresses changing through 
diagnostics 

• Test GBEA T functionality by halting CPU and examining stack dumps 

29.10 Timing Diagrams 
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FIG. 29-3. PDA Stack Write Pulse Timing 

29.11 Critical Paths 

Timing Diagrams 

I 

L 

x x 

The critical paths on the 4150 PDA are the stack write pulse, the setup and hold times on 

the stack, and the halt path from a sense register match to the issuance of PDAHALT-. 

29.11.1 Stack Write Cycle 

The stack write cycle has proven to be the most critical path in the PDA. The path 

involves sampling data from the backplane and the rest of the CPU and storing it into 

registers while the address for the stack becomes stable. At this point, the write pulse, which 

is shaped by the use of delay lines, stores the data into the stack RAM. 
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29.11.2 Halt Path 

The timing from the sense register match to finally result in the PDAHALT- signal going 

active in 2 beats is a major path. 

29.11.3 Trigger Path 

This path involves getting a sense register match to result in a stack trigger in two beats. 

29.12 VLSI Usage 

No VLSis are used in the 4150 PDA. 

29.13 9755 Comparisons 

29.13.1 Self Diagnostic Mode 

The 4150 PDA does not support stand alone functionality as the . 9755 PEP did. It does 

support self diagnostics. 

29.13.2 Stack 

The 4150 PDA uses a lK deep stack in contrast with the 9755 which has a 256 location 

stack. The stack uses Random Access Memory with separate I/0 pins (AMD9150). 

29.13.3 Trigger Conditions 

29.13.3.1 SR2 Enables SR3 (New) 

This new halt/trigger condition is a combination of an SR3 match enabled by an SR2 match. 

This provides the function of halting/triggering on a match of both the Effective addresses 

and BCY. For example, the PDA can halt the machine on any specific instruction that 

references a predefined effective address. 

29.13.3.2 SRI Enables SR2 (New) 

This new condition allows the operator to halt/trigger the stack on the occurrence of an SR2 

enabled by an SR1 match. This uses a registered SR1 match signal, that cannot be cleared 

until a RESET- becomes active, logically ANDed with a live SR2 match. This is a new 

feature in the 4150 PDA. 
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29.13.3.3 SR1 Logically ANDed with SR4 (Deleted) 

9755 Comparisons 

There is a capability in the 9755 FEP to halt/trigger on the occurrence of an SR2 match 

logically ANDed with an SR4 match. This will not be included in the 4150 PDA. 

29.13.4 Event Counter 

The 4150 PDA has an Event Counter. An event counter is a new feature to this design. 

29.13.5 Power Up Circuit 

The 4150 PDA has a circuit that disables all tristate busses on power up and manual reset. It 

does NOT disable the Z80 RAM. This tristate condition can be disabled with a single Z80 

write to a known location. 

29.13.6 BVMA Interface 

The BEMA bus on a 9755 and the BVMA bus on a 4150 are basically the same thing. 

Similarly, the 4150 PDA has BVMA in the stack and as an input to sense register 3 as in 

the 9755. The BVMA bus is active low~ 

29.14 Partitioning 

All functions described in this chapter are implemented on the PDA board. The PDA board 

is discussed in chapter 33. 
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30. CMI Board Discussion 

The CMI board contains logic from three major functional units from which it derives its 

name: 

• Q>ntrol Store logic, 

• Memory Controller logic, and 

• !nput/Output (I/O) logic. 

The CMI board also contains the Diagnostic Processor (DP) interface, as well as parts of the 

PCU, the decode net, and Effective Address Formation (EAF) logic. These functions are 

described in detail in the chapters cited below: 

• Control Store - chapter 19 

• Memory Control - chapter 26 

• I/O - chapter 27 

• Diagnostic Processor (DP) Interface - chapter 16 

• EAF logic - chapter 21 

• Decode net - chapter 20 

• PCU - chapter 1 7 .2 

The CMI board is a combination of the 9755 CS board, which contains the Control Store and 

1/0 logic, the MC board, which contains the Memory Controller logic, and miscellaneous logic 

from the I board. 
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30.1 4150 And 4050 Differences 

The CMI holds the master clock crystal oscillators. The nominal frequency in the 4150 is 32 

MHz, while it is 30 MHz in the 4050. 

30.2 Programmable Parts 

30.2.1 PALs 

30.2.1.1 Bus Enable 

The PAL at site 04H controls the loading of data into latches MCBD and MDAT, as well as 

the enabling of data onto MDAT. 

30.2.1.2 Burst OK & EOR 

The PAL at site 06D contains the logic for determining the BURST OK logic, enable burst 

strobe, and the End Of Range (EOR) logic. 

30.2.1.3 Miscellaneous Memory Control 

The PAL at site 08M controls signals to allow the refresh counter to be enabled/disabled. It 

also controls the margining of the system clock via DP control signals, and controls a mux 

used for enabling refresh during Battery Back Up (BBU) mode. 

30.2.1.4 Memory Address Parity 

The PAL at site lOC monitors and can disable address parity error reporting from the 

memory array boards. 

30.2.1.5 MCBD Miscellaneous Control 

The PAL at site lOH controls the direction and the driving of the BD transceivers. It also 

controls the data available signal (MDATAV+). 

30.2.1.6 Error Encoding 

The PAL at site lOL collects and reports the highest priority error detected on the CMI board. 

30.2.1.7 Write Buffer Control PAL 1 

The PAL at site 14H controls the write pulses to the DWB RAMs and the latch controls for 

writing the address, write pending, and valid bits into the Write Buffer. 
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30.2.l.8 DP Interface Miscellaneous Control 

Programmable Parts 

The PAL at 16G gates bit 15 used by the MC logic. It also controls which information is put 

onto the Decode Net address lines and the direction control for two way DP communication. 

30.2.1.9 Write Buffer Control PAL 2 

The PAL at site 16K controls the enable signals to the WB'for the writing of the Valid bits 

and Write Pending bits. 

30.2.1.10 WACK & STREAD 

The PAL at site 16L controls the initiation of the WACK and STREAD chain of events. It 

also has the ABORT logic. 

30.2.1.11 Bus MCBD Control 

The PAL at site 18G controls whether the WBD RAMs c: the MDAT latch information gets 

put onto MDAT. 

30.2.1.12 CPU Request 

The PAL at site 22F accepts the memory write, read, and cache miss signals, and controls the 

clocking of data from the E unit. 

30.2.1.13 MODALS 

The PAL at site 24D clocks Modal information when the Modals register is specified as the 

destination by microcode. 

30.2.1.14 EOB 

The PAL at site 24G controls the End of Beat (EOB) signal. 

30.2.1.15 BPD Dri~e 

The PAL at site 26E controls which set of BPD transceivers is enabled. 

30.2.1.16 DP Interface Control 

The PAL at site 26F controls DP interface handshaking and also collects decode net parity 

errors. 
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30.2.1.17 Decode Net Address 

The PALs at sites 38D, 40D, and 400 control the decode net addressing. 

30.2.1.18 MT Priority 

The PAL at site 38N is' the priority encoder for Memo:ry Timer operations. 

30.2.1.19 Clock Control 

The PAL at site 42G enables TRCML, and INIT clocks. It also controls the writing of the CS 

address to the microsequencer. 

30.2.1.20 CS & DNET Error Reporting 

The PALs at sites 42K and 48N encode the CS and decode net errors. 

30.2.1.21 Addressable Latch 

The PAL at site 46D controls addressable latches FSPLUS, FSMINUS, ADL02, and E 

30.2.1.22 EAF 

The PAL at site 46G controls the resetting of FGEAF+/-. 

30.2.1.23 CS Write/Read 

The PAL at site 52F controls the writing and reading of CS memory based on signals 

received from the DP . 

.. 30.2.1.24 BPD Parity Check 

The PAL at site 54E controls checking of BPD parity on output non-burst transfers at the 

trailing edge of BPCSTRB+. 

30.2.2 PROMs 

30.2.2.1 Memory Timer 

The PROMs at.sites 02F, 02L, 04G, 02K, .06L, and 44N. control the Memory Timer sequencing 

and operations. 

30.2.2.2 Destination 

The PROMs at sites 52G and 54G decode the microcode DST field for all CMI board 

destinations. 
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30.2.2.3 IAC 

Programmable Parts 

The PROMs at sites 44F, 46E, 48F, and SOE decode the microcode IAC field. 

30.2.2.4 EAF 

The PROMs at sites 28D, 28E, and 30C decode the opcode for Effective Address Formation 
~ 

(EAF). 

30.2.2.5 BOP 

The PROMs at sites 52C and 54B control register file tracking. 

30.3 Diagnostic Features 

The CMI board contains a diagnostic register which is loaded from BD witrh microcode DST 

MDIAGR. Table 30-1 shows the layout of the register and briefly describes each bit's function. 
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TABLE 30-1. CMI Diagnostic Register Layout 

Bit II 

2 

4 
5 
6 
7 
8 
9 

10 

Nome 

DGBFAD2+ 

DGBFAD3+ 

DGBFAD15+ 

DISERCOR+ 
DISERCK­
DMEMDIS­
DFBPARITY+ 
DGSELBFAD+ 
SHFTCTR1 
SHFTCTR2 

11 DSMPLEM1-
12 DSMPLEM2-
13 DSMPLEM3-
14 DSMPLEM4-
15 DLCKB-
16 DISRF+ 
17 DISLW+ 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

DGENRFAD­
DFRCBYPAS+ 
DCLRWB+ 
DFRCNOP-
D I AGOPS+ 
DENALLOPS+ 
DLOOP+ 
DMAONMD­
PDMTMOD E + 

30.4 Critical Paths 

Function 

MSB of write buffer pointer when DGBFSELAD+ 
is asserted. 
Middle bit of write bufl~r pointer when 
DGBFSELAD+ is asserted. / 
LSB of write buffer pointer when 
DGBFSELAD+ is osserted. 
Disables error correction. 
Disables error checking. 
Disables memory arrays. 
Forces MA parity bits to 1 regardless of address. 
Forces write buffer pointer to diog. reg. bits!1:3l 
MSB of MA shift control field 
LSB of MA shift control field 
Disables samp Ii ng of errors from memory or ray 1 
Disables somp Ii ng of errors from memory orroy 2 
Disables somp Ii ng of errors from memory or ray 3 
Di sob I es sampling of errors from memory array 4 
Locks check bits on memory orroys 
Di sob I es refresh 
Disables write buffer lost written algorithm 

Puts refresh address on MA 
Forces write buffer contents onto BO during reads 
Forces val id and write pending bits to 0 
Forces Memory Timer to do only NOP and Refresh 
Makes write buffer appear 1 location deep 

,Forces write buffer to empty 
Forces write buffer contents onto MOAT during reads. 
Forces MA on MD during reads 
Forces memory timer into diagnostic routine. 

• The critical path through the CS involves rece1vmg a jump condition from another 
unit, changing the BCYs, and accessing the CS RAMs. This is a two beat path 
from CS8+ to TRCML+. 

• Conditional ReTurNs (CRTNs) are critical, but TXNX logic is used to make this 
path work because of the I unit intervention needed. This is a two beat path 
from CS8+ to TRCML+. 

• The internal PUSEQ push/pop stack path is critical, due to the time required from 
TSTACK+ to TWRITE-. 
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Critical Paths 

• The path from the time the memory address is latched into the MC until the WB 
pointer is latched during a CPU memory access must be less than 2.5 beats. 

• Setting MBSY- on the MC unit on a READ or WRITE and sending it to the IS 
unit is a one beat path. 

• During an IO input burst mode operation the SWAqs_ chain writes 64 bits into 
the WB RAMs in the same time a normal write does 32 bits. The timing is 
critical throughout this operation. Refer to Figure 27-3. After the first 32 bits 
are written at the end of Dl WACK+ three critical things must happen in the next 
beat: 

1. Hold time must be met for the data just written. 

2. The least significant bit of the WB pointer must be changed. 

3. The BPD drivers which were driving the first 32 bits must be shut off, and 
the BPD transceivers with the second 32 bits must be turned on. 
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31. IS Board Discussion 

The IS board implements the Instruction (I) and Storage management (S) units, as well as the 

PCU, cache, EAF logic, and branch cache. These functions are described in detail in the 

chapters cited below: 

• I unit - chapter · 19 

• S unit - chapter 23 

• PCU - chapter 17 

• Cache - chapter 22 

• EAF logic - chapter 20 

• Branch cache - chapter 21 

The IS board is a combination of the 9755 I and S boards. The exceptions to this are the 

decode net and EAF decode logic, which have moved to the CMI, and the trap addressing 

logic, which is on the E board. 

PRIME RESTRICTED 



8 7 

0 

~ 
c 

ll«IEX 

'---j ~E 

L--

B 

EJ 
A D 

8 7 

~
-

E 

l 

6 

-----

acltll=IB•l& 
fll.IL-"8•[5 

CRH 

~ 
___IH_ll-ml 

5 

SM ROOR 

REGISTERS 

_.-
--
"""L lfll!IL. 

If 

PHTTRr;A 

I 6EGTR6A 

STU! 
R B.EnENT I ePl'ffllll-BB 

~ 
~~ 

3 2 

0 

SSSR 

l'R'"Rllll..:.UB.. 
L:llill_ 

~ 

~ r-1----

CSSR 

BMJJ-11! c 
I I:&""-... 

BCOAOIL.:JIL BBLBHIB 
CfDE 

I I .1 A-ELE!ENT 

CACHE llJDR 
REGlSTERS 

r--

L 

RITTF•S-18 
RmFl119-16 

lll'"'f"-='•J..:llL 
l::lllL 
:t-tG 

l~ 

~-~ 

s 5 

Figure 31-1 

I RPK811-B8 

t___.. 
STU! I BPrll!IS,_16_ 

CfDE 
B ELEIENT I :w.o••-1• 

~ 
~-' 

SSSB 

l'llPllEE.:.J.liB.. 

bllilL 

~ 

o EL.Enan 
IP[DlflliB ~ 

BEGruB 

If 3 

IS Board Block Diagram 

CS5B DBHB9-l6 

L-

BBLBS-16 B 

I LBDl'flGE - IA 
PRDE CCll'UlER, It«:. 

" AlfliillliH!ri. 111111. 

ts IJllIT llLIXK D[flGRlll 

2 



IS Board Discussion 4150 Funct. Spec. 
Page 385 

31.1 4150 And 4050 Differences 

There are no differences between the IS boards in the two machines. 

31.2 PALs 

31.2.1 PCU PALs 

The PCU is partially implemented in the PALs at sites 06A, 06C, 02A, 04A, 20A, 30A, 28A, 

22A, 22H, 58A, and 60M. 

31.2.2 Parity Clocks 

The PAL at site 56M generates clock enables for TCSSPE+, TSOFTPE+, TISPE+, TSSSPE+, 

TCSSPE+, and TFATALPE+ parity clocks. 

31.2.3 EAS, EAD, and INSTAT Clocks 

The PAL at site 58L generates clock enables for TEAS+, TEASH+, TEAD+, and TINSTAT+ 

clocks. 

31.2.4 Branch Cache Control 

The PAL at site 60A generates branch cache control information to be clocked by TINST AT+. 

31.2.5 Register Collisions 

The PALs at sites 02C and 56N contains logic to detect register file collisions. The PAL at 

02C generates a guess at the branch address used for stage 4-6 register collision detection. The 

PAL at 02C is used to generate IWAIT- for stage 5-9 register collisions. 

31.2.6 BVMA Select Control 

The PALs at sites 20J and .18J generate the BVMA selects for the PCADR VLSI. 

31.2.7 Cache Write Control 

The PALs at sites 52L and 54L generate the write enables for the cache RAMs. 
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31.2.8 RMA Clocks 

PALs 

The PAL at site 56L generates the enables for the TCADR+, TSADR+, and TERMA+ clocks. 

31.2.9 Unaligned Read a~d Cache Data Clocks 

The PAL at site 52M generates the enables for TRCDIE+~ TRCOO+, and CS20R7+ clocks used 

to clock cache data. The· PAL also generates the enables for DFUNABLIP+ and FUNALBLIP+, 

which are used during unaligned reads. 

31.2.10 Displacement, Opcode, and BB Latch Control 

The PAL at site 44M generates the enables for TOPCD+, TDISP+, and TEBBLCH+, which are 

used to control the opcode, displacement, and BB latches. The first two of these latches are 

on the CMI board, while the last is on the E board. 

31.2.11 BB and PMA selects 

The PAL at site 56D generates the selects for the BB mux on the PCSS VLSI and PMA mux 

in the PSSS VLSI. 

31.2.12 IRPL, IRPH, and RPST clocks 

The PAL at site 04C generates the enables for TIRPL+, TIRPH+, and TRPST+ clocks. 

31.2.13 STLB Write Pulses Enables 

. The PAL at site 48L generates the enables for the STLB write pulses. 

31.2.14 Short/Long Instruction Control 

The PAL at site 60E controls the correct alignment of opcodes on BB. 

31.2.15 TRAPVLD Clock Enable 

The PAL at site 58E is used to generate the enable for FTRAPVLD clock. 

31.2.16 Displacement ALU and EAS mux control 

The PAL at site 14J is used to control the displacement ALU inside the PCADR VLSI. The 

PAL also generates the selects for the EAS muxes in the PCADR VLSI. 
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31.2.17 Base Register ALU control 

The PAL at site 42M is used to control the base register/index register ALU. 

31.2.18 Control of Ring Bits 

The PAL at site 40M is used to weaken the ring bit: 

31.2.19 Base Register File Address Generation 

The PAL at site 42P decodes the opcode bits and generates the base register file address. 

31.2.20 Base Register Parity Checking 

The PAL at site 34P is used to check parity on data coming out of the .register file. 

31.3 PROMs 

31.3.1 Destination 

The PROMs at sites 14D and 16D decode the microcode DST field for all IS board 

destinations. 

31.3.2 IAC 

The PROMS at sites 20D, 20E, and 22E decode the microcode IAC field for all IS board IACs. 

31.3.3 Trap 

The PROM at site 58D generates the IS board trap address for use by the microsequencer 

during trap sequences. 

31.4 Critical Paths 

One Beat Poths [62.5 nsec] 

FTRAP+ holding off TCADR+ clock 62.5 
Detection of 5-9 collision to generation of FIWAIT- 58.0 
Unaligned read detection to ERMAL+1 to RMA 62.5 
Memtrap to holding off cache miss on E-unit 60.5 
Cache miss (GHOLD) to holding off E-unit clocks 62.5 
FGEAF+ to inhibiting of CS1+ and CS3+ clocks 61.0 
NXDONE- to TCADR+ 60.0 
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Two Beat Paths [125 nsec] 

Clocking base register address at CS4+ to clocking 
in the effective address at TRCML+. 

Clocking opcode at CS2+ to generating F4UNAL+ control 
bit at CS4+ 

Half Beet Paths [31.25 nsec] 

Memtrcp holding off increment of IRPL 
IRPL to PCADR registers and RMA 
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32. E Board Discussion 

The E Board implements the Execution unit, the system timers, BD arbitration, and the I/O 

address interface. These topics .are discussed in detail in the chapters cited below: 

• E unit - chapter 25 

• System timers - chapter 25 

• BD arbitration - chapter 28 

• I/O address interface - chapter 27 
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32.1 4150 And 4050 Differences 

Two PALs are different between the 4150 and 4050 E boards. 

1. The PAL at site 58E divides the nominal clock rate down into the 1 MHz signal 
used to clock the, microsecond and PIC timers. Since the operating frequency of 
the two machines is different, this PAL needs a different program depending on 
the machine. 

2. The PAL at site 32H provides the final error report to the microcode. One of the 
bits provided indicates whether the hardware is a 4150 or a 4050. The microcode 
uses this bit during its SYSCLR routine to verify that it is running on the correct 
processor. 

32.2 Programmable Parts 

32.2.l PALs 

32.2.1.l Clock Control 

The PALs at sites 280, 38C, 34E, 380, 40E, and 42E control the clock generation for the 

stage clocks. 

32.2.1.2 RP16 

The PAL at site 22A generates bit 16 of the RP register. 

32.2.1.3 Register File RAM Control 

The PAL at site 30M generates the register file RAM chip select. 

32.2.1.4 BD Arbitration 

The PAL at site SOC controls which unit of the CPU can drive BD. 

32.2.1.5 Addressable Latches 

The PAL at site 540 implements the following microcode addressable latches that are decoded 

from the microcode IAC field. 

• ADLOO 

• ALD01 

• ENTIMER 
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• INTEOI 

• DISPIC 

• ENMINK 

e ENBPA 

• FDMX 

32.2.1.6 Multiply 

Programmable Parts 

The PAL at site 48J generates fix factor logic needed by the ALUs during multiply 

operations. 

32.2.1.7 ZFF 

The PAL at site 20G generates ALC information needed during decimal and ZMV instructions. 

32.2.1.8 One MHz 

The PAL at site 58E generates a 1 MHz clock needed for the PJC and microsecond timer logic. 

This clock is derived from TMCLK+. 

32.2.1.9 I/O Requests 

The PALs at sites 54B and 58A look at the Interrupt and DMx request from the 1/0 

controllers to determine which controller to grant the bus to. it selects the highest priority 

request. 

32.2.1.10 1/0 Grant Enable 

The PAL at site 46D generates the I/O grant enable for the 1/0 controllers. 

32.2.1.11 1/0 Grants 

The PALs at sites 58C and 60C are priority generator PALs which generate the grant lines 

for the I/O controllers. 

32.2.1.12 Parity Reporting 

The PALs at sites 52C, 32K, 42J, 44J, and 32H generate parity and machine check 

information. 
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32.2.1.13 Fetch Cycle Traps 

The PAL at site 48C generates either a FCYTRAP or FCYJC fetch cycle condition. 

32.2.1.14 Traps 

The PAL at site 30C generates trap information for the- trap logic. 

32.2.2 PROMs 

32.2.2.1 ALU PROMs 

The PROMs at sites 26L, 12D, 16F, 20L, 26K, lOD, lON, 18N, and 26N control the mode of 

operation for the 56-bit ALU by decoding the microcode ALU field. 

32.2.2.2 BB PROMs 

The PROMs at sites lOF and 08F specify the B leg source input to the ALUs by decoding the 

microcode BB field. 

32.2.2.3 BDL PROMs 

The PROMs at sites 06G, 02J, 02M, and 02H control the mode of operation for the BDI barrel 

shifter by decoding the microcode BDL field. 

32.2.2.4 DST PROMs 

The PROMs at sites 30E, 30F, and 32D decode the microcode DST field for all E board 

destinations. 

32.2.2.S IAC PROMs 

The PROMs at sites 32F, 36E, 48E, 34C, 56D, 58G, and 56E decode the microcode IAC field 

for all E board IACs. 

32.2.2.6 Register File PROMs 

The PROMs at sites 48B and SOB specify which register file location is to be used in the 

current operation. 

32.2.2.7 Multiply PROM 

The PROM at site 601 guesses the number of places to normalize during a. floating point 

multiply operations. 
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32.2.2.8 PACK PROMs 

Programmable Parts 

The PROMs at sites 04K, 14P, 16E, and 18M do ASCII to packed BCD conversion. 

32.2.2.9 Decimal PROMs 

The PROMs at sites 44H, 42H, 28H, 261, and 30H subtr~ct 6666 hex from packed decimal 

data. 

32.2.2.10 Decimal To Binary (DTB) PROMs 

The PROMs at sites 34K and 36K do decimal to binary conversion. 

32.2.2.11 ZFF and ZMV PROMs 

The PROMs at sites 12F and 22M are used during decimal and character instructions. 

32.2.2.12 Trap PROM 

The PROM at site 06A calculates the E board trap address for use by the microsequencer 

during trap sequences. 

32.3 Diagnostic Features 

The E board contains a PAL at site 54A which looks at the I/O controller grant lines. The 

slot number of the controller being granted the bus is sent to the PDA for stack display. 

32.4 Critical Paths 

The critical paths have been identified as follows: 

• Register File addressing - One beat path from TRCML to clocking of RI. 

• Jump Conditions - One beat path from CS7+ to TJC+ flops. 

• RS data - The output of BDis clocked at CS9+ to S unit's CSlOt data latches. 

• Condition codes - The path from the E unit JC mux selects at TRCML+ to the CS 
unit's TRCML+. 

e Cache -> ALU -> RD - CS7+· clock to the CS8+ clock for RD inside the ALU. 

• Register file read on register to register operations. 
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33. PDA Board Discussion 

The 4150 Processor Diagnostic Aid (PDA) consists of the board, its hardware, resident Z80 

code, and the host code that runs on a 50 series system. The PDA board plugs into the 4150 

backplane in its dedicated slot, the IS debug slot, _?r the IS -slot, and requires an RS-232 

connection to the host system to allow communication between the host and the PDA. The 

common method of getting to the stand alone port is to enter the command MO PDA to the 

Diagnostic Processor. 

The following 4150 PDA functions are discussed in detail in chapter 29: 

• Z80 Microprocessor 

e Stack 

• Ha!ts I Delays 

• Delay Counter 

• Sense Registers 

• Forcing Microcode Address 

• Reading and Writing Control Store 
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33.1 4150 And 4050 Differences 

There are no differences between the PDA boards in the two machines. 

33.2 Programmable Parts 

33.2.1 PALS 

33.2.1.1 Stack Inhibit PAL 

The PAL at site 15B controls the inhibits to the stack. It uses inhibit conditions to generate a 

signal called INHSTK-. 

33.2.1.2 Stack Read PAL 

The PAL at site 31K generates the stack read signals under Z80 control. It uses the Z80 

address bus as inputs and EBYTEOl-04-, STKRD-, STKSELA+, STKSELB+ as outputs. 

33.2.1.3 SR4 Comparator PAL 

The PAL at site 31H is the sense register 4 PAL. It uses SR4 enables and data to generate 

SR4EQ1- and SR4EQ2-. 

33.2.1.4 Halt and Delay PALs 

The PAL at site 21D generates one of the halt and one of the delay signals. It uses inputs 

of sense register equal signals and enables and generates PSRHLT- and PSRDLY-. 

The PAL at site 19D generates one of the halt and one of the delay signals. It uses inputs 

of sense register equal signals and enables and generates QSRHLT- and QSRDLY-. 

33.2.1.S Delay Inhibit PAL 

The PAL at site 15C generates a delay inhibit signal. It uses various inhibit signals and 

generates INHDL Y-. 

33.2.1.6 · Z80 Decode PALs 

The PALS at sites: 29K, 25K, 23K, 21K, 17K, and lSK are Z80 decode PALs. They generate 

clocks to registers by decoding the Z80 address bus . 
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33.2.2 PROMs 

33.2.2.1 Z80 Program PROMs 

Programmable Parts 

PROMs and RAMs (SK x 8) are interchangable in the following locations : 34K, 36K, 38K, 

40K, 42K. The purpose of these locations is to pro_v~de executable Z80 code for the 

microprocessor to run. Th~ typical configuration is with 2764 EPROM in locations 34K and 

36K. Locations 38K and 42K typically will have pin compatible RAMs installed. 

33.3 Diagnostic Features 

The 4150 PDA has on board Z80 diagnostics that are executed from the Diagnostic Processor 

in the 'MO PDA' environment. Please refer to section 29.8.1.1 for additional information. 

33.4 Critical Paths 

The critical paths on the 4150 PDA are the stack write pulse, the setup and hold times on 

the stack, and the halt path from a sense register match to the issuance of PDAHALT-. 

33.4.1 Stack Write Cycle 

The stack write cycle has proven to be the most critical path in the PDA. The path 

involves sampling data from the backplane and the rest of the CPU and storing it into 

registers while the address for the stack becomes stable. At this point, the write pulse, which 

is shaped by the use of delay lines, stores the data into the stack RAM. 
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3ns AS574 min 
1ns AS1804 min 

4ns min TMCLK to WP falling 

3ns AS574 min 
15ns delay min 

1ns AS1804 min 

19ns TMCLK to WP rising 

9ns AS574 max 
2ns etch max 
4ns AS1804 max 

15ns max TMCLK to WP falling 

9ns AS574 max 
17ns delay max Et;h Delay not factored 

4ns AS1804 max due to controlled lengths 

30ns max TMCLK to WP rising 
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Using a 15ns minimum write pulse width in the above exercise forces us to carefully look at 

the path. Address and data setup and hold times are well within the specifications. 

33.4.2 Halt Path 

The timing from the sense register match to finally result in the PDAHALT- signal going 

active in 2 beats is a major path. 

19ns AS866 max delay d -> = (378) 
2ns setup on as574 (19C) 

21ns 8CY -> 19C (1 beat path) 

9ns AS574 max elk-> out 
15ns PAL delay 
5.5ns AS08 delay 
3ns AS194 setup 

(19C) 
(210) 
(05C) 
(21A) 

32.Sns FSRn -> PDAHALT (1 beat path) 

33.4.3 Trigger. Path 

This path involves getting a sense register match to result in a stack trigger in two beats. 

19ns AS866 max delay d -> = (378) 
2ns setup on as574 (19C) 

21ns BCY -> 19C (1 beat path) 

9ns AS574 max elk -> out 
15ns PAL delay 
4.Sns AS10 delay 
4.5ns AS74 setup 

(19C) 
(210) 
(290) 
(31E) 

33ns FSRn -> PDAHALT (1 beat path) 
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