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Memory 

4. Memory 

The display memory, the system memory, and the expansion memory 
(option) are included in the memory subsystem. 

Memory for Daybreak is packaged in 512 Kbyte blocks. Each of the 
three memory segments requires a memory controller. Each memory 
controller includes a refresh controller. 

The system and expansion memory has three ports: one for the Mesa 
processor, one for the 110 subsystem, and one for the Refresh 
controller. These three devices operate independently except when 
competing for the same memory segment. Display memory has an 
additional display controller port. The refresh controller is 
responsible for refreshing the DRAM chips in its block of real memory. 

Each port of the memory subsystem employs a protocol suited to the 
corresponding device. Each device initiates a memory request 
whenever necessary. The request results in a memory cycle when the 
currently active and higher-priority requests have been satisfied. 

The memory controller chip receives memory request signals from 
outside ports (ports A, B, and C), sets priorities, and generates proper 
control signals to perform memory operations. It also has circuitry to 
initiate refresh of the dynamic RAMs so that data is maintained. 

The memory controller. runs four types of cycles: 

• display. Display cycles are quadword read. DRAM nibble mode 
operation allows the display controller to use all the available 
memory bandwidth. 

• lOP bus. Memory cycles are: read word, write word, write high 
byte, and write low byte. 

• Mesa Processor. Memory cycles are: read word and write word. 

• Refresh. 

4·1 
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4.1 Hardware 

Memory on the Display Control and Memory (DCM) is 3 x 256 KW, 
and memory on the Memory Expansion Board (MEB) is 5 x 256 KW. 
Both are multi-ported memory banks with an internal refresh port. 
Normal word access cycle time is 312.5 nsll6-bit word; read access 
cycle time is 718 nsl64-bit nibble. 

Figure 4.1 illustrates the memory units . 

2MW-l 

1.5MW 

lMW 

512kW 
4Mb-l 

64kW 

4Mb-l 

MEB (option) 

1 Mb 

1 
System Memory 

01....-_____ ..... :I Display Memory (64KDRAM) 

Figure 4.1. Memory units 

4.1.1 Memory on DCM Board 

4·2 

The DCM board contains both display memory and system memory. 

The display memory is the first 64 KW of 256 KW real memory 
contained on the DCM board. Display memory can be 64 KW or 256 
kW. It is a 3-ported memory bank with an internal refresh port, 
controlled by a gate array chip, the Memory Control Chip (MCC). 

Figure 4.2 illustrates the pins and signals of the Memory Control Chip 
CMCC) gate array. Note: Italicized signals are not required for 
Display memory operation. 

Memory 
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DOPEO 1 P1P68 P68 68 PEINT' 

ERRCLK" 2 P2 P67 ~ DOPE1 3 P3 P66 ~ AlBHEB' 4 P4 P65 ~ AJA.OOB' 5 P5 P64 64 WTHB 
AlRESETB1' 6 P6 P63 63 WTLB 
RFREQDlS' 7 P7 P62 62 WRITE 

GND 8 P8 P61 61 VCC 
VCC 9 P9 P60 60 GND 
GND 10 PI0 P59 59 DOCLK 

CIA.20 GND 11 Pll P58 ~ BIA.20 12 P12 P57 57 PCEN' 
AIMA.20 13 P13 P56 56 PBEN' 
CIA .191 14 P14 P55 55 PAEN' 
BIA .19 15 P15 P54 54 B/ALEB 
AIMA.19 16 P16 P53 53 BIMEMREFL' 
A.20 17 P17 P52 52 REFS2 
A.19 18 P18 P51 51 GND AIPROC' 
RASOT 19 P19 P50 50 PBAH' 

RASlT ~ P20 P49 49 CIMEMREF' 
RAS2T ~ P21 P48 48 AlMEMREF' 

RAS3T E-- P22 P47 47 PAAH' 

CASIT .g-. P23 P46 46 AlMRDBL' 

CASOT 24 P24 P45 45 AlMWTBL' 

VCC 25 P25 P44 44 GND 

GND 26 P26 P43 43 VCC 
GND 27 P27 P42 42 RAWCLKB 

COLT' 28 P28 P41 41 GND CINIBBLE' 

ROWT' 29 P29 P40 40 GND CIMRD' 

CIXACK' 30 P30 P39 39 HIGH1 CIMWT' 

BIREADYL 31 P31 P38 38 BIMRD' 

AlREADYL 32 P32 P37 37 BIMWT' 

PCRDEN' 33 P33 P36 36 AJALEB 

PBRDEN' 34 P34 P35 35 PARDEN' 

·Refresh Control Signal REFS2 is inserted at MCC pins 51 (A/PROC') and 52 
<CIMEMREF') to delay lOP and/or display requests going to the Arbiter during a refresh 
operation . 

Figure 4.2. DCM memory controller chip 
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Table 4.1 describes the signals illustrated in Figure 4.2. 

Table 4.1. Memory Control Chip (Display) Signal Description 

Signal Function 

NA.OOB' With AlBHEB' identifies port A memory operation, as follows: 

AlBHEB' AlA.GOB' NBHEB' ~emory Operation 
0 0 Word 
0 1 High byte only 
1 0 Low byte only 
1 1 Not 1 

A.19:20 With A.21 selects memory location, as follows: 

(A;B/A;C/A) (A;B/A;C/A) Memory 
A.21 20 19 Selected Remark 
-0- 0 0' 0-255KW Display memory 
0 0 1 256-511 KW Bank I, system memory 
0 1 0 512 - 767 KW Bank 2, system memory 
0 1 1 768 -1023 KW Bank 1, MEB memory 
1 0 0 1024 - 1279 KW Bank 2, MEB memory 
1 0 1 1080 - 1535 KW Bank 3, MEB memory 
1 1 0 1536 - 1791 KW Bank 4, MEB memory 
1 1 1 1792 - 2047 KW Bank 5, MEB memory 

NALEB Address latch enable signal for port A and port B 
B/ALEB 

NMA.19:20 Generate A.19·20, as described above. The prefix identifies the corresponding port. 
B/A.19:20 
C/A.19:20 

NMEMREF' Indicate that a memory operation is being requested. The prefix identifies the 
BIMEMREFB' corresponding port. 
CIMEMREF' 

NMRDBL' Memory read operation. The prefix identifies the corresponding port. 
BIMRD' 
CIMRD' 

NMWTBL' Memory write operation. The prefix identifies the corresponding port. 
BIMWT' 
CIMWT' 

AJPROC' Not used. 

AlREADYL Indicates port readiness. 
BIREADYL 

AlRESETBI' General reset. 

CASOT CAS (column address strobe) enable for RAM. CASl T is not used. 
CASlT 

CINIBBLE' Indica tes port C nibble mode operation. 

COLT' Not used. 

CIXACK' Transfer acknowledge for port C. 

DOCLK Data Out clock. 

- more-

4-4 Memory 
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Table 4.l. Memory Control Chip (Display) Signal Description (continued) 

Signal Function 

DOPEO·l Data Out parity error for low and high byte. 

HIGHl Input high. 

LOCK Not used. 

PAAH' Indicates valid memory address by the corresponding port. 
PBAH' 

PAEN' Identifies the port now being serviced by memory. 
PBEN' 
PCEN' 

PARDEN' Enables read operation for corresponding port. 
PBRDEN' 
PCRDEN' 

PEINT' Indicates that a parity error was encountered during memory read operation. 

RASOT·3T RAS (row address strobe> enable for RAM. 

RAWCLKB System clock. 

RFREQDIS' Disables refresh circuit for dynamic RAM. 

ROWT' Not used. 

WRITE Not used. 

WTHB Enables memory write operation to high and/or low byte. 
WTLB 

Memory on MEB 

The Memory Expansion Board is a 10.9 inch by 16 inch 165-pin board 
populated with 256K DRAMs. Figure 4.3 illustrates the board layout. 

4 • 5 
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Figure 4.3. Memory Expansion Board (MEB) layout 

4.1.2.1 
Memory Controller 
Chip 

4·6 

A 68-pin gate array, MCC, acts as memory controller on the MEB. 
Figure 4.4 illustrates pins and signals for the MEB memory controller 
chip (MCC). Refer to the preceding table for description of signals. 

Memory 



4.1.2.2 
Backplane 
Interface 

Memory 

DOPEO 1 PI P68 68 PEINT'.S 
ERRCLK' 2 P2 P67 ~ 
DOPEI 3 P3 P66 ~ AlBHEB' 4 P4 P65 ~ NA.OOB' 5 P5 P64 64 WTHB.S 
AJRESETB2' 6 P6 P63 63 WTLB.S 
RFREQDlS' 7 P7 P62 62 -GND 8 P8 P61 61 VCC 

VCC 9 P9 P60 60 GND 
GND 10 PIO P59 59 DOCLK 
GND 11 Pll P58 ~ GND 12 P12 P57 ~ GND 13 P13 P56 56 PBEN' 
GND 14 P14 P55 55 PAEN' 
GND 15 Pl5 P54 54 B/ALEB 
GND 16 Pl6 P53 53 BIMEMREFL' 

~~ Pl7 P52 52 REFS2 

1:- Pl8 P51 51 REFS2 
RASOr 19 P19 P50 50 PBAH' 

:~ P20 P49 49 HIGH3 

~~ P21 P48 48 AlMEMREF' 

:~ P22 P47 47 PAAH' 

~~ P23 P46 46 AlMRDB' 
CASOT 24 P24 P45 45 AlMWTB' 

VCC 25 P25 P44 44 GND 
GND 26 P26 P43 43 VCC 
GND 27 P27 P42 42 RAWCLKB 

::- P28 P41 41 HIGH3 

~:- P29 P40 40 HIGH3 

~~ P30 P39 39 HIGH3 
BIREADYL 31 P31 P38 38 BIMRD' 

~i- P32 P37 37 B/MWT' 

~:- P33 P36 36 NALEB 
PBRDEN' 34 P34 P35 35 PARDEN' 

Figure 4.4. MEB memory controller chip 

Table 4.2 lists the MEB interface to the backplane. 
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Table 4.2. MEB Backplane Pin Assignment (Front View) 

Outmost 

1) 80186 Bus 

SPIICI·I ,II 001 
8.£611 Ol 'llil .11 OO~ 
61611 Oii Illil ,1I 001 
8.lb.ll O~ lbil sll 010 
8.£b.ll g~ 'llil In Ola 
61611 oa Ibil ,1I Olii 
8.lb.ll 02 'llil ,ll 01l~ 
61611 01 'llil ,11 022 
61611 00 Ibil ,1I 02fi 
Q;~ll ,1I 02a 

J1.031 GND 
Jl.034 AlAA.19· 

J1.037 AlAA.lS· 
Jl.040 AlAA.17· 

Jl.043 AlAA.lS· 

~l.O46 AlEPROMCs" 
Jl.049 Reserved-O 
Jl.052 All 0 PLock" 

Jl.055 AlPCHldToArb 
Jl.058 ·5V 

Q;Nll III 061 
6lIQBdx· ,11 06j 
SUI [I:"Z ,II 061 
Sgiu:.:IC" ,ll 010 
OaRKalaISl;:'· ,11 01a 
6lf~I~I: (al ,l1016 
6LME:BllI,t! ,11 01a 
8.lYB.EIUi~ ,11 Oa2 
Q;l:::[ll .LI OSfi 
6lRal&:CI.H: m III oaa 

• Not used 

4-8 

Inmost 

G!::£ll ,11 002 
MlILR'lil sll OO~ 
e.LllE~· IiI ,ll ooa 
Q;i:lO III OU 
Mls:mRdl£llll sllOU 
aLaI.E' ,LI 011 
MQeMl1mlY[' m sll 020 
SUII[i:-3 ,ll 02a 
GNll ,ll 026 
6LCI.Km 111 02a 

Jl.032 GND Jl.033 GND 
Jl.035 (i) AIS.2' Jl.036 AlAA.23· 
Jl.03S ( i) AIS.1' Jl.039 AlAA.22· 
Jl.031 (i) A.S.O' Jl.042 AlAA.21· 

Jl.044 (i) AlBHE' Jl.045 AlAA.20· 

Jl.047 GND Jl.048 Ci) AIlOR' 

Jl.050 AlLocRamCS" Jl.051 Spare-4 

J1.053 GND Jl.054 (i) AllOW' 
Jl.056 (i) AIIOPMemRd' Jl.057 (i) Spare-5 

Jl.059 ·5V Jl.060 -5V 

2) MPB-DCM 

G!::£ll ,J! 062 
AlMb. 2a!jl ,11 06fi 
6LM6 21 (jl ,II 068 
aLM6 la <jl ,ll 011 
AlMa 11 m ,ll 074 

GNll ,[1 on 
Mea-OCM-spgre2 ,[1 080 

GNP ,[10aa 
MPa-PCM-spgrea ,[1 Oa6 
Q;Nll ,[1 oaa 

- more-

GNll ,[1063 
AIM6 22 lil ,[1 066 
AIM6 20 m ,II 069 
aIM6 la Ii> ,[1072 
MAA 166 m ,II oni 
\:wa-ocM-sparel ,[1 01S 

r---------
I 3) Mesa Bus 
I 131MWI' m ,II oa I 
I Qawn.Mp-5Qsre) sll 084 

I aLMRP' m ,II Oa1 
I yec ,n 090 

Memory 
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Table 4.2. MEB Backplane Pin Assignment (continued) 

Outmost Inmost 

4) lOP-Mesa I 3) MesaBus (continued) 

I 
.ll 091 GNp III 1192 Gt:iP I In Q93 Qt:iP 
.ll 094 MOPlntMP'* sll Q9§ ClS~f;t:i- I .11 Q96 (0) NMf;MlS' 
.ll 097 A1MPlntlOP- sll Q98 ClSLOAOLSHlfr I III Q99 /jl Ba,9Ck' 

Ilt 100 III 1111 ClSDlIEEf;B,f;t:i- I Ilt 1112 Baow-
.ll 103 sl11Qi ClSOAIAIt:i- I 1111Q§ m BlMemReC 
III 106 IOP-S-sparel III 1111 e~HIEIeI,K- Ilt illS BaoW! 
.llt09 AlResetMPB" III 1111 elSllAIOlII- III 111 (0) BfR,dy 
.ll 112 vee III 113 vee I .11 114 yee 
.11 115 vee III 116 vee I III 111 {jl yee 
Jl.118 vee JUt9 vee I JLl20 vee 

I 
r--------------------------J 

GND J1.l21 GND JLl22 GND Jl.123 
GND Jl.l24 GND Jl.l25 GND Jl.l26 
GND Jl.l27 GND JLl28 GND J1.129 
INTDIS' J1.l30 BtA.18 (i) Jl.l31 BtALE' (0) Jl.l32 
BtA.23 (i) Jl.l33 BtA.17 (i) Jl.l34 Oawn-Mp-spare3J1.135 
BtA.22 (i) Jl.l36 GND Jl.l37 BID.11 (bi) Jl.l38 
B/A.21 (i) Jl.l39 BID.15 (bi) Jl.l40 BID.10 (bi) Jl.141 
B/A.20 (i) Jl.142 BID.14 (bi) Jl.143 BID.09 (bi) J1.144 
B/A.19 (i) Jl.145 BID.13 (bi) Jl.146 BID.08 (bi) J 1.1 47 
-12V Jl.148 -12V Jl.l49 -12V J 1.1 50 

III 151 Gt:iO III 1§2 G~O III 153 Qt:iO 

III 15i Ibn BLD 111 III 155 Ibn BLD 12 l!l 156 IbO BLD Q6 

III 151 {bi l BLD 115 III 158 G~D tIl 1@ (hi> BLD !li 
III 1611 {bil BLDQ3 10 161 m AlReset' .u 162 {bil BLD 02 

III 163 {bil BLD III 10 164 G~O III 165 {bO BID 011 

Memory 4 ·9 
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4.2 Theory of Operations 

4.2.1 Read 

4.2.2 Write 

4 ·10 

The Mesa processor, 80186, display controller, and memory operate at 
independent speeds. These subsystems are logically joined by the 
synchronous memory arbiter within the memory controller gate array 
chip (MCC) on each board. The arbiter grants memory access 
according to the following priority: refresh, display control, lOP, and 
Mesa processor. When memory is not busy, the arbiter grants access 
to the first requesting device. Otherwise, arbitration is performed 
during the DRAM RAS precharge time. 

lOP and Mesa Processor memory requests are initiated by bus 
transactions. At the 80186 bus port (port A). the memory controller 
responds to mapped address bits MA23-17 and not to A17 -20. At the 
Mesa bus port (port B), all signals are synchronized with the Mesa 
processor. 

For refresh, the memory controller counts down from the 16 MHz 
input clock and requests refresh cycles when necessary. 

When a memory cycle is granted, the memory controller is started. 
The memory controller mUltiplexes the addresses, controls memory 
timing, delivers data, and starts the lOP arbiter when memory is 
again available. DRAM strobes are generated from shift registers in 
the MCC gate array chip: 

The memory controller generates and checks byte parity. If the lOP 
has accessed memory, then a parity error interrupts the lOP. If the 
Mesa processor has accessed memory, then a parity error traps the 
Mesa processor. 

The MCC synchronously generates RAS, CAS, and other control 
signals. 

The following subsections provide a summary of system memory 
functions as viewed from the central processor. 

A read operation is started upon receipt of a MemRef and valid 
memory address from the selected port. The selected port address is 
multiplexed to form the Row/Column DRAM address. The RASICAS 
clocks are initiated. Read data is placed on the selected port bus 
within 250 ns after the start of the cycle. 

A Write operation is started in the same manner as a Read operation. 
Write data is multiplexed from the selected port and routed to the 
DRAM array. Byte parity is generated and sent to the parity DRAMs. 
The Write operation is completed when the MCC controller issues the 
62 ns write clock. 

Memory 



4.2.3 Refresh 

The memory controller gate arrays contain circuitry for memory 
refresh. The MCC generates a refresh sycle by issuing a CAS-before
RAS clock sequence. The refresh time circuit within the MCC 
determines the refresh interval (minimum of 256 cycles in 2 ms). The 
RAM device contains the refresh address counter and performs the 
refresh cycle operation. 

4.3 Programmer Interface 

This section describes the memory status registers and typical process 
timing. 

Figure 4.5 illustrates the lOP UO address map for memory. 

ForDCM 
UORead UOWrite 

ED20 Memory Status Register Write parity mode for MCC #1 ED20 
(MSR) for --------------------
MCC #1 Clear parity interrupt in MSR 

ED21 ofMCC #1 ED21 

ED22 Memory Status Register Write parity mode for MCC #2 ED22 

(MSR)for --------------------
MCC #2 Clear parity interrupt in MSR 

ED23 ofMCC #2 ED23 

ForMEB 
1/0 Read 1I0Write 

ED24 Memory Status Register Write parity mode for MCC #1 ED24 

(MSR) for --------------------
MCC#3 Clear parity interrupt in MSR 

ED25 ofMCC #3 ED25 
ED26 Reserved for MCC #4 ED26 

(Not yet implemented) 

ED27~ __________________________________ ~ 

Figure 4.5. lOP 110 address map for memory 

4.3.1 Status Registers 

Memory 

A Memory Control Chip (MCC) controls a unit of memory space. Each 
MCC has an associated memory status register. 

In each unit of memory, the 16-bit, read/write status register, 
readable at any time by the lOP, logs the following information: Port 

1 .. 
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4 ·12 

A, B, or C selected; the row of 256 Kbit DRAM devices accessed; and 
the memory page address of a fault. 

Figure 4.6 illustrates the register. 

ED200r 
ED220r 

Higb byte 

ED24 Bit7 Bit6 Bit S Bit 4 Bit3 Bit 2 Bit 1 

110 Read 

Parity error interrupt 

Port A enable: 0 = enabled 
Port B enable: 0 = enabled 
PortC enable: 0 = enabled 

DRAM row 
Memory fault address bit 

110 Write 

Refer to Table 4.3 

ED21 or 
ED23 or 
ED25 

110 Read 

Memory fault address bit 

110 Write 

Refer to Table 4.3 

, PEINT' ,PAEN' ,PBEN' ,PCEN', A.21 

I I 

Low byte 

Bit7 Bit6 BitS Bit4 Bit3 

I A.17 I A.16 I A.IS IA.14 A.13 

I I I I 

Figure 4.6. Memory status register 

I A.20 lA·19 

Bit2 Bit 1 

A.12 I A.ll 

I 

BitO 

J A.iS , 

BitO 

I A.I0 

I 

When a memory error condition is detected, the faulty memory 
address is logged into the memory status register of the corresponding 
MCC. The memory status register can be accessed by the I/O read 
operation. 

The I/O write operation has two functions: defining parity mode and 
clearing parity error interrupts. Table 4.3 lists the address map 
locations on the MEB for these functions. 

Table 4.3. I/O Write Operation Locations 

Hex Address Data bitO = Function 

ED20 0 MCC #1 is odd parity mode 
1 MCC # 1 is even parity mode 

ED22 0 MCC #2 is odd parity mode 
1 MCC #2 is even parity mode 

ED24 0 MCC #3 is odd parity mode 
1 MCC #3 is even parity mode 

ED21 Clear PEINT' for MCC /I 1 
ED23 Clear PEINT'for MCC #2 
ED2S Clear PEINT' for MCC #3 

Memory 
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When a parity error is detected, the status register is frozen until read 
by an lOP status read. Parity defaults to odd parity at system reset. 
Normal mode parity is odd; special mode parity is even. A special VO 
write to a memory bank causes bad parity to be written into memory 
until changed back to the normal default parity mode. This feature 
checks the parity checker and the parity-check interrupt to the lOP. 

4.3.2 Memory Timing 

2XCLK' 

CLK' 

Cycle 

SHFi 

RAS' 
MemChips 

CAS' 
MemChips 

Address 
MemChips 

EOC 

OOCLK 

BIO.15-00 
(Read) 

BIMRO' 

BIO.15-00 
(Write) 

BIMWT' 

Figure 4.7 illustrates typical processor timing. 

0 0 

LJ 1Lj' I Lj' I 
I I 
~ c3 t --~--~I~--------~I~--------~ -----'t cl ~ c2 

--...;...--__ -....J'X SHF1 J.< SHF2 * SHF3 t SHF4 * SHF5 t= 
I: : I 

.. \ 1
0 

: :J :' write 
~, --~.--~---+~-----~ 

~~~: ~~"-'1,\.~Ro;;.,w.;...;;..ad;;.;;d;;.re;;.;;s~s X Column address 

I: ,..--- ..... 1 --+--...--------,,..------+t -----t' \, 
~ : 

-~-----I~I--A-dd-r-.1-6--0-1-~~~ X:.J~d read I 

I 
\ Addr.16-01 I ,'--___ V_a_lid_w_ri_te_d_a_ta __ ---J/ 

~ r-
Write Enable' ---------------------------11 

I 
Mem Chips 1 'I: 

(CWTLB', CWTHB') 1'\ . I 

}temory 

Figure 4.7. Memory reference timing 

The high order memory address must be valid on the address buses 
early enough that the proper bank is selected and address lines valid 
for RAS' (row address strobe). The row address bits are latched in the 

4 - 13 



4.3.3 Functions 

4.3.3.1 
Full and Nibble 
Mode Access 

4.3.3.2 
Rowand Column 
Addressing 

4 ·14 

DRAM by the RAS' signal. The CAS' (column address strobe) signal 
occurs 62 ns after the RAS' signal and latches the column address in 
the memory chips. Data becomes valid at the output of the chips at a 
maximum of 150 ns after RAS' or 75 ns after CAS', whichever is later. 

To be written into memory, data must be supplied within two clocks 
fromRAS'. 

Memory functions support full and nibble mode access as well as row 
and column addressing. 

The display port supports both full and nibble mode accesses. The full 
access cycle time is 312 ns; the page mode access time is 687 ns 
(Quadword). A nibble mode access occurs when the RAS"signal goes 
low and the CAS' signal cycles several times. 

Figure 4.8 illustrates how row and column bits are derived from the 
port address bus. 

BI A and BID Bus (Port B) System Memory 

1~1_5 _________ 8~1 1~7 __________ 0~ 

AlMA and AI AA Bus (Port A) System Memory 

9 II ~ 8 ____ -.J 

Figure 4.8. Rowand column addressing 

Bank address 
Column address 
Row address 

Bank address 
Column address 
Row address 

:vIemory 


