






























































































































































































































































































______ The CVAX CMCTL - A CMOS Memory Controller Chip 

these interconnections, the chip controls up to 
four memory modules, each containing one, two, 
or four banks of dynamic random-access memory 
(DRAM) . Each memory module is required to 
buffer all the PMI signals. 

Data Transfer 
The CMCTL fully supports the CVAX bus multi
ple-transfer protocol and can perform one to four 
data transfers on a memory read or write opera· 
tion. Each data transfer can have up to four bytes 
of data. Since ECC is generated across four bytes, 
write data with less than four valid bytes will 
cause the CMCTL to do the actual memory write 
on the PMI as a read-modify-write cycle. Other
wise, the write data goes directly to memory. 

Error Checks and Notification 
The CMCTL performs two error-checking func· 
tions: 

• CVAX bus data parity error checks 

• Memory error checks 

To assist with the error checking of data transfers 
on the CVAX bus, the CMCTL checks data parity 
on memory writes. The chip generates parity 
with the data on memory reads. 

For data transfers on the PMI, the CMCTL has 
two memory error-checking modes: 7-bit ECC, 
and single-bit parity. In ECC memory error mode, 
the CMCTL detects double-bit uncorrectable 
memory errors and detects and corrects single-bit 
memory errors. In parity memory error mode, the 
CMCTL can detect single-bit memory errors. 

The CMCTL uses four outputs to notify the 
CVAX bus master of four error conditions. These 
error-condition notices are as follows: 

• The bus transaction was successful and com
pleted with no errors. 

• The memory data transfer resulted in an uncor
rectable ECC or parity error. 

• The memory data transfer resulted in a cor
rectable memory error. 

• The CVAX CPU chip-initiated memory write 
had a parity error. 

In addition to these four outputs, the CMCTL pro
vides an output that indicates when the CMCTL is 
not going to respond to either a memory or an 
1/0 operation. This output reduces the number 
of external components required to detect 
addresses not implemented in a system. 
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CMCTL Peifo-nnance 
The CMCTL achieves its performance in part by 
using a high-speed, page-mode RAM access pro
tocol on the PMI. DRAMs that run in page mode 
can perform data transfers in approximately one
half the cycle time of those run in nonpage mode. 

The CMCTL responds to CVAX single-transfer 
memory write or read operations within two or 
four CVAX bus cycles, respectively. During a 
memory read operation, the CMCTL starts a mem
ory read access in parallel with an optional cache 
to increase memory read performance. If the 
memory read address hits in the external cache, 
the CMCTL aborts the read operation. The 
CMCTL performs memory write transactions as 
dump-and-run. 

Table 2 lists the memory operations and the 
corresponding performance for synchronous data 
transfers with 4 bytes of data. Two numbers are 
shown for multiple-transfer memory operations. 
The first is the time in CVAX CPU bus cycles to 
complete the first transfer; the second, the time 
to complete subsequent transfers. In order to 
tune the memory performance across different 
CVAX bus speeds, the CMCTL provides a pro· 
grammable mechanism for varying PMI transac
tion timing. For CVAX bus cycle times less than 
100 ns, the CMCTL can be programmed to add 
slip cycles to memory read operations in incre· 
ments of the CVAX bus cycle time. The asyn· 
chronous performance of the CMCTL can be 
estimated by adding one bus cycle to the syn· 
chronous data transfer numbers in Table 2 . 

The CMCTL memory read access time is very 
important for systems that do not have a second· 
level cache. For example, a 90-ns CVAX bus cycle 
with a 5/3 CMCTL memory read access with a 
second-level cache results in CPU performance 
3 .0 times that of the MicroVAX II. Without the 
second-level cache, the CPU performance is 

Table 2 CVAX CMCTL Read and Write Perfor
mance (in Numbers of Bus Cycles) 

Memory Operation 
(4 Bytes of Data) 

Single read 
Multiple read 
CPU single write 
OMA single write 
Multiple write 

CVAX Bus Cycles 

100ns 90ns 60ns 

4 5 6 
4/2 5/3 6/3 
2 2 2 
3 3 3 
3/2 3/2 3/2 
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reduced by I 5 percent, or to 2 . 5 times the 
MicroVAX II. If the CMCTL memory read access 
was fixed at 6/3 without the second-level cache, 
the CPU performance would be reduced another 
10 percent, or to 2.0 times the MicroVAX II, at a 
90-ns CVAX bus cycle. Therefore, the ability to 
program the CMCTL memory read access time as 
an integral multiple of the CPU bus cycle is a very 
important feature that helps maximize the CPU 
performance. 

CMCTL Functions 
The CMCTL was designed to integrate both the 
control and data path functions required to con
trol the data flow to and from memory. 

Registers 
The CMCTL contains two registers: 

• A status register 

• A control register 

How each functions within the CMCTL and the 
system is described below. 

The status register is loaded with important 
information when the CMCTL detects an error. 
The system error-handling software uses this 
information to log the error. The CMCTL has a 
memory error status register that captures the 
failed memory address along with the type of 
memory error (bus parity error or memory error) 
and error syndrome. 

In ECC mode, the error syndrome is a 7-bit 
encoded number. For correctable errors, this 
number indicates which data bit was corrected. 
In parity mode, the error syndrome has no useful 
meaning. 

The chip's control register serves several func
tions. First, the control register regulates a diag
nostic test mode. Second, this register controls 
the PMI cycle tuning. Third, memory error detec
tion and correction can be turned on or off to 
facilitate the testing of the CMCTL error-check
ing functions and memory module RAMs by mem
ory diagnostic software . Finally, a refresh opera
tion can be forced for high-speed refresh testing. 

D ata Path 
In ECC error detection mode, the data path uses a 
modified Hamming code to detect double-bit 
errors and to detect and correct single-bit errors. 
The PMI interface has 39 signals; 32 are used for 
the memory data, and 7 are the memory check 
bits. In parity error detection mode, the data path 
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uses single-bit parity to detect memory errors. 
The data path transport delay for a memory read 
or write is one-half the cycle time of the CVAX 
bus. This performance measure includes module
level interconnect delay. 

Memory Control 
The PMI interface provides 20 signals. These sig
nals comprise all the control strobes and memory 
address signals needed to control DRAMs. A fast 
memory access time is achieved by detecting a 
valid memory address and starting a memory 
access within 25 percent of a CVAX bus cycle 
time. 

The CMCTL has an integral refresh counter for 
refreshing memory. 

Summary 
The CVAX CMCTL is the core control function of a 
complete memory subsystem. The chip provides 
the control for a flexible memory subsystem that 
functions at CVAX bus cycles from 60 to 100 ns . 
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