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Introduction 

After a Reduced Insmction Set Computer ( R I S C )  was shown to 
be effective in increasing 8 U  performance[l], several attempls have 
haen made to further improve the CPU performance by including 
cache memory on the Same chip[?]. However, h e  formerly r e p o m  
cache size i s  limited up to 2K bytes. which is not suffcient to obtain 
more than 95% hit rate. 

This paper describes a 32K byte cache macro with an experimental 
RISC implemented on the Same chip. 

Cache Architecture 
Figure 1 shows the c z h e  mhitechue. The cache macro is  made of 

S R A M  core but is tuned exclusively to cache design so that it opti- 
mizes pipeline data stream between Integer Unit (nr) and Cache 
resulling in faster machine cycle t ime than a conventional SRAM 
and glue logics based cache. 

The power consumption is one of the most serious limitations in 
designing a cache, since a large number of bits, 89 bits in this device, 
are read out at a time. The macro employs double word line architec- 
urre[3.45] to minimize both power and silicon area penalty assxiat- 
ed with cache e n 0  partitioning. 

To best balance h c  address to HIT signal flow from N to Cache 
with respect to pipeline clock, me cache m a m  utilizes the word l i n e  
latch which is me of the most unique features. Every WL has a slave 
latch. Master l a th  is in lhe address buffer. These lathes act as 
pipeline latches so that a portion of address decoding time is merged 
inlo previous pipeline cycle. Since in the fast SRAMs the delay from 
addms input to Word Line(WL) is abaut a half of the total delay. 
This WL latch scheme speeds up the address strobe to HIT delay, 
which includes read out data compuison, by a factor of 30%. The 
cache access is a criucal path in CPU systems, thus this dehy 
improvement directly enhances the system p d m a n c e .  

The buffer circuit (WL Buffer) placed between a TAG WL and a 
DATA WL isolates h e  speed of h e  TAG p a  s h e  DATA Wl is 
allowed to be a little slower than the TAG part 

Cache features are l isted in Table I. The  cache macro is organized 
a 32Kbyle direct mapped cache, which provides more than 95% hit 
rate. 64bit data bus achieves more than 400Mbyte/sec bandwidth 
betwan IU and Cache. 

Design  olMemory  Core 
Figure 2 shows a memory core circuifry of TAG and DATA pahs. 

A new section WL selector is another new technique for high speed 
operation. This circuit reduces the  capacitance of the S W c h  

Select(SS) line a d  Main Word Line(h4WL) to 25% and 40% respec- 
tively compared to h e  conventional NOR selector[31. This COn- 
tributes to 10% speed up in Address Strobe to HIT delay. 

The cache macro also contains a new bumpdown delay free circuit- 
y. The write operation is done through NMOS tmsfer  gate at the 
top of BL and  read operation is done through PMOS transfer gate at 
thz bottom of the BL. shown in figure 2. This scheme gives a soh- 

tion to delay variation problem caused by supply voltage bump- 
dowo[6] without any power penalty. 

Figure 3 is a selectively clearable VALID bit scheme using con- 
tent addressable memory (CAM) and dual port (DP) cells. When 
the R o c e s s  ID (PID) is switched, the VALID birs corresponding rn 
a certain PTD can be selectively cleared to '0' in a virtual cache  sys- 
tem. The p l y d i  load CAM cell is 41370 mdler than the pure 
CMOS CAM cell and shows wide powa supply voltage margin 
compared with a formerly re- poly-Si CAM cell. The DP 
VALID cells shows fastet access time because no mml circuit is 
inserted in the Section WL (SWL). 

Perlormanee 
Features are listed in Table II. The device was fabricated by 1. 

doubie AUdouble poly twin-well CMOS process of 0 . 8 ~  
NMOSFET. Whole layout was done under the unified design rule[7J. 
$0 that this c x h e  macro is available in various device generations up 
io 0 . 8 ~  rule. The  chip microphotograph is shown in Fig.4. Figure 
5 is the measured waveforms of Address Smbe and HIT with a 
Address Smk u, HIT delay of 9ns. HIT signal activates DATA 
output buffer with a HIT to DATA delay of 3ns, so that the 
Address Strobe to DATA delay is 12ns. Thus, it  demonseares that 
the cache macro can operate at "Hz with on-chip IU. The RlSC 
executes most of all the instructions within a single cycle. Therefore 
the on-chip cache macro is feasible for SOMPS single  chip RlSC 
device based on 0 . 8 ~ 1  CMOS technology. 
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Table I Cache Features 
Cmhe size 32Kbyte (Winstruction  unifd) 
Cor@uation Direct mapped 
Operation Synchmnous 
Address 32bit 
Rocess ID 4bil (CAM wU) 
Valid bit Ibil/word (selectively clwable) 
Line size 16byte 
Data bus @bit 
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Fig.3. Selective clear scheme using CAM and dud-port cell 

[7] T.Kurcda. H.Suzuki, H.Akiba, T.Aoki, T.Shigematsu, and K. 
Kawagai, "Unified Design Methodology and Device Architeclure for 
Multi-Genmtion ASIC Application," CICC Technical Digest, 25.7, 
1988. 

TabIe I1 Device  Features 
Technology Double Al & double poly Iwin-well CMOS 
Design rule 1.&m basic rule 
MOSFETs 0 . 8 p  gate length 
Cell s u e  
SRAM cell 9 . 2 ~  x 13&m 
Dual-port cell 20.Qhn x 1 3 . 8 ~  
CAM cell 2 5 1 p  x 1 3 . 8 ~  

Chip size 14.5mm x 10.8mm 
Stobe to HIT 9l-s ( t y p i c a l )  
Sfrobe to DATA 12ns(typical) 
Cycle freq. 8OMHz (typical) 
Package l a p i n  PGA 

-1 
Fig.2. New section WL Selector 

Fig.5. Measured waveforms Fig.4. Chip microphotograph 
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