
DRAM controller

serial load mode

do not refresh between the period when power on reset negated and RESETO negated

SerDataReadAck acts as alternate address strobe to
the DRAM controller.  data is written int DRAM
when SerDataReadAck is asserted

Only write the bank associated with
RAS0 to reduce power glitches

nCAS0 & nCAS1 are associated with nRAS0

nCAS2 & nCAS3 are associated with nRAS2

FFE010

FFE000

A[19..16]

nAS

nCAS[3]

nCAS[1]

nCAS[0]

CLK

A[3..1]

R_nW

SerDataReadAck

nAS

A[23..12]

nAS

SerDataReadAck

nCAS[2]

SerDataReadAck

A[11..1]

State[11..1]

nRESET

CLK

SerDataReadAck

HiA[11..1]

HiA[22..12]

R_nW

A[4]

nRESET

State[14..0]

A[14..12]

A[22..15]

State[14..12]

HiA[22..15]

HiA[14..12]

VCC
nRESET INPUT

VCC
CLK INPUT

VCC
R_nW INPUT

VCC
FC0 INPUT

VCC
FC1 INPUT

VCC
nAS INPUT

VCC
nUDS INPUT

VCC
nLDS INPUT

VCC
A[23..1] INPUT

nCAS[3..0]OUTPUT

nSIMMWEOUTPUT

nCS681OUTPUT

nIACK681OUTPUT

nBERROUTPUT

spare1OUTPUT

nRAS2EOUTPUT

nRAS0EOUTPUT

nDTACKOUTPUT

SCLOUTPUT

MA[10..0]OUTPUT

nIORDOUTPUT

nIOWROUTPUT

nIDECS0OUTPUT

nIDECS1OUTPUT

RESETOUTPUT

RESETOOUTPUT

nRAS2OUTPUT

nRAS0OUTPUT

VCC
SDABIDIR

GND
D[15..0]BIDIR

NOT

inst27

OR2

inst17NOT

inst19

NOR2

inst6

NOR2

inst38

NOR2

inst40

NOR2

inst42
NOR2

inst44

up counter
clock

cnt_en

ac
lr

q[4..0]
cout

Count32

inst3

AND2

inst7

NOR2

inst8

AND2

inst9

AND2

inst1

CLK
A[23..12]
nAS
CPUSpace

CSDRAM_LOW
CSDRAM_HI

DK0out
nCSIDE

nCS681

MemoryMap

inst31

NOR2

inst

AND2

inst13

RF2
CLK
nAS
CSDRAM
R_nW

RASout
ENCASA

CASout
DSACKout
nSIMMWE

AccessDRAM_late

inst5

VCC

0

1datab[]

sel

dataa[]
result[]

BUSMUX

inst14

0

1datab[]

sel

dataa[]
result[]

BUSMUX

inst12

CPUSpace
nAS
A[3..1]
A[19..16]

nIACK681

irq68681

inst2

NOT

inst20

NOR2

inst21

AND2

inst24

NOT

inst25

OR2

inst28

OR2

inst29

NOT

inst22

NOR2

inst23

TRI

inst30

NOT

inst26

NOT

inst34

OR2

inst4
OR2

inst11

nRESET
RefreshEn
nAS
CLK

pre_refresh
RefreshRAS

RF1
RF2

RefreshCAS

RefreshDRAM

inst32

AND3

inst18

AND3

inst33
AND3

inst35
AND3

inst45

TRI

inst36

NOT

inst37

NOT

inst41

NOT

inst48

NAND2

inst49

NAND2

inst50

NAND2

inst51

NAND2

inst52

VCC

VCC

NOT

inst16

nRESET
CLK

D[15..0]
SCL

ClkDiv16
SerDataReadAck

State[14..0]
RESETO

SDA

serialEEPROMloader

inst10

0

1datab[]

sel

dataa[]
result[]

BUSMUX

inst39
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q[3..0]

State[11]

State[10]

State[9]

State[8]

State[7]

State[6]

State[5]

State[4]

State[3]

State[0]

State[1]

State[2]

State[0]

State[1]

State[2]

State[0]

State[1]

State[0]

State[1]

State[2]

State[0]

State[1]

State[2]

State[0]

State[1]

State[2]

RESET

nRESET

DummyWrite

CLK

SequentialRead

State[2]

CLK

SDA

SerialCmd

ShiftData

CLK

SerialCmd

ShiftData

SequentialRead

CLK

DummyWrite

CLK
SequentialRead

CLK

nRESET

500khz

CLK

SerialCmd

serDataRead
SequentialRead

SDA

serDataRead

CLK

serDataRead

ShiftData

CLK

ShiftData

CLK

q[3]

q[3]

q[0]

q[1]

q[2]

q[3]

q[1]

q[0]

q[2]

ack

ShiftData

SerialCmd

CLK

RESETO

RESETO

State[13]

State[12]

CLK

ShiftData

ack

CLK

ShiftData

State[14..0]

State[14]

State[14..0]

State_7FFA

State_7FFA

State_7FFB

State_7FFC

State_7FFC

State_7FFC

middle of clock high

middle of clock low

8-bit word and acknowledge

release SDA every 9 clock so EEPROM can acknowledge
ignore whether EEPROM acknowledge or not

0x0: value in location 0, write to DRAM
0x1: sequential read, write to DRAM until

Open collector drive

power-on reset

state is also lower address of DRAM during serial EEPROM loading

generate 500KHz serial clock

That marks the end of serial loading
negate RESETO and let 68000 boot

0xFFB: power-on reset hold

0xFFD: address high (all zero)
0xFFE: address low (all zero)
0xFFF: start, device address, read

0xFFA: stop

count disable when FFB is reached again

0xFFC: start, device address, dummy write

read start

disable in state FFA

shift serial EEPROM data into 16-bit parallel  data

SequentialRead state & State_FFC have 10 clocks, one start clock, 8 data clock, 1 acknowledge clock

During EEPROM read operation, the loader acknowledge each read with '0'

It is in EEPROM data read mode
When not in the initialization states,

Write 16-bit data every other ack cycle

but exclude ack cycle
read data in the middle of SCL,

negate SerDataReadAck early before address (state[11..1]) changes

32763 is 0x7FFB

7FFA, stop

7FFB, initilization

7FFC, start

7FFD, high addr

7FFE, low addr

VCC
CLK INPUT

VCC
nRESET INPUT

SCLOUTPUT

D[15..0]OUTPUT

RESETOOUTPUT

ClkDiv16OUTPUT

SerDataReadAckOUTPUT

State[14..0]OUTPUT

VCC
SDABIDIR

AND4

inst2

NOT

inst4

AND4

inst3

NOT

inst6

NOT

inst8

TRI

inst14

NOT

inst15

AND8

inst20

NOT

inst23
NOT

inst24

NOT

inst25

NOT

inst26

NOT

inst28

NOT

inst29
NOT

inst30

AND4

inst33
AND4

inst34
AND4

inst35
AND4

inst36

NAND4

inst37

CLRN

D
PRN

Q

DFF

inst39

NOT

inst40

NOT

inst1

NAND4

inst27

CLRN

D
PRN

Q

DFF

inst41

OR3

inst11

AND3

inst16

PRN

CLRN

D

ENA

Q

DFFE

inst17

MULTIPLEXER
S
B
A

Y

21mux

inst32

PRN

CLRN

D

ENA

Q

DFFE

inst42

PRN

CLRN

D

ENA

Q

DFFE

inst43

PRN

CLRN

D

ENA

Q

DFFE

inst44

MULTIPLEXER
S
B
A

Y

21mux

inst38

OR2

inst46

AND4

inst47

PRN

CLRN

D

ENA

Q

DFFE

inst48

OR2

inst49

MULTIPLEXER
S
B
A

Y

21mux

inst50

AND2

inst51

NOT

inst19

up counter
sclr

clock

cnt_en

q[3..0]
cout

count16

inst

OR2

inst45

AND2

inst52

NOR4

inst55

NOT

inst56
NOT

inst57

PRN

CLRN

D

ENA

Q

DFFE

inst53

DIN
CLK
ShiftData
nCLR

D[15..0]

shift16

inst22

CLRN

T

ENA

PRN
Q

TFFE

inst58

AND2

inst59

VCC

AND2

inst61

PRN

CLRN

D

ENA

Q

DFFE

inst62

AND2

inst68

NOT

inst69

CLRN

D
PRN

Q

DFF

inst63

NOT

inst64

NOT

inst31

VCC

up counter
modulus 9sclr

clock

cnt_en

q[4..0]
cout

count9

inst7

AND2

inst67

SequentialRead
DummyWrite
CLK
ShiftData
BitCnt[4..0]

SDA

SerialEEPROM_commands

inst70

up counter
sset 32763sset

clock

cnt_en
q[14..0]

Count32768

inst5

AND6

inst9

VCC
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D[0]

D[1]

D[2]

D[3]

D[4]

D[5]

D[6]

D[15]

D[9]

D[10]

D[11]

D[12]

D[13]

D[14]

D[7]

D[8]

VCC
DIN INPUT

VCC
CLK INPUT

VCC
ShiftData INPUT

VCC
nCLR INPUT

D[15..0]OUTPUT
PRN

CLRN

D

ENA

Q

DFFE

inst

PRN

CLRN

D

ENA

Q

DFFE

inst1

PRN

CLRN

D

ENA

Q

DFFE

inst2

PRN

CLRN

D

ENA

Q

DFFE

inst3

PRN

CLRN

D

ENA

Q

DFFE

inst4

PRN

CLRN

D

ENA

Q

DFFE

inst5

PRN

CLRN

D

ENA

Q

DFFE

inst6

PRN

CLRN

D

ENA

Q

DFFE

inst7

PRN

CLRN

D

ENA

Q

DFFE

inst8

PRN

CLRN

D

ENA

Q

DFFE

inst9

PRN

CLRN

D

ENA

Q

DFFE

inst10

PRN

CLRN

D

ENA

Q

DFFE

inst11

PRN

CLRN

D

ENA

Q

DFFE

inst12

PRN

CLRN

D

ENA

Q

DFFE

inst14

PRN

CLRN

D

ENA

Q

DFFE

inst15

PRN

CLRN

D

ENA

Q

DFFE

inst16
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0

1

1,0,0,0,0,1,0,1

0,0,0,0,0,1,0,1

BitCnt[2..0]

Dummy Write command

Sequential Read command

VCC
CLK INPUT

VCC
ShiftData INPUT

VCC
SequentialRead INPUT

VCC
BitCnt[4..0] INPUT

VCC
DummyWrite INPUT

SDAOUTPUTPRN

CLRN

D

ENA

Q

DFFE

inst

GND

VCC

data[]

sel[]

result

MUX

inst4

data[]

sel[]

result

MUX

inst7

AND2

inst1

AND2

inst2

OR2

inst3

OR2

inst8



Date: June 16, 2017 RefreshDRAM.bdf

nRESET

nCLK

nAS

nCLK
nCLK

nCLK
nCLK

CLK

nCLK

refresh

start the refresh when nAS is high

hold off dtack until refresh finished
make sure there are enough time for RAS precharge after the refresh is done

cas refresh

ras refresh

RF1
RF2

RF2:  start of the refresh cycle
RF1:  latch in the output of refresh timer, waiting for negation of AS

RF3

RF3:  RAS asserts for 2 clocks

RF2.5

RF2.5:  CAS asserts at the falling edge of clock

16us refresh with 8MHz clock input

VCC
nRESET INPUT

VCC
CLK INPUT

VCC
nAS INPUT

VCC
RefreshEn INPUT

RF1OUTPUT

RF2OUTPUT

RefreshCASOUTPUT

RefreshRASOUTPUT

pre_refreshOUTPUT

NOT

inst58

PRN

CLRN

S

R

Q

SRFF

inst66
CLRN

D
PRN

Q

DFF

inst59 CLRN

D
PRN

Q

DFF

inst60

AND2

inst65

PRN

CLRN

S

R

Q

SRFF

inst69

AND2

inst72

AND2

inst73

NOT

inst74

NOT

inst

up counter
sclr

clock

cnt_en

q[6..0]
cout

count128

inst2

CLRN

D
PRN

Q

DFF

inst1
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CLKnCLK nCLK

nCLK

R_nW

CLK

high if not CAS-before-RAS
Low during CAS-before-RAS chcle
high when CAS-beforeRAS finished

68000 timing is slower:
nAS is valid 3/35 after rising edge of S2, plenty of setup time for address valid at that time.
Assert RAS at falling edge of S2, then assert CAS at falling edge of S4

0 wait states

VCC
RF2 INPUT

VCC
CLK INPUT

VCC
nAS INPUT

VCC
CSDRAM INPUT

VCC
R_nW INPUT

nSIMMWEOUTPUT

RASoutOUTPUT

CASoutOUTPUT

DSACKoutOUTPUT

ENCASAOUTPUT

PRN

CLRN

D

ENA

Q

DFFE

inst5

PRN

CLRN

D

ENA

Q

DFFE

inst7

NOT

inst61

PRN

CLRN

D

ENA

Q

DFFE

inst62

NOT

inst80

NAND4

inst63

NOT

inst

NOT

inst4

PRN

CLRN

D

ENA

Q

DFFE

inst1
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A[23]

A[22]

A[21]

A[20]

A[19]

A[18]

A[17]

A[16]

A[15]

A[23]

A[23]

A[14]

A[13]

A[12]

1 wait state generator

DRAM base is 0
DUART base is FFF000
IDE base is FFE000

FF8xxx

FFFxxx

FFExxx

800000-FFF7FF

0-800000

VCC
CPUSpace INPUT

VCC
nAS INPUT

VCC
CLK INPUT

VCC
A[23..12] INPUT

nCS681OUTPUT

DK0outOUTPUT

nCSIDEOUTPUT

CSDRAM_LOWOUTPUT

CSDRAM_HIOUTPUT

3:8 DECODER

A
B

G1
C

G2AN
G2BN

Y0N
Y1N
Y2N
Y3N
Y4N
Y5N
Y6N
Y7N

74138

inst56

NOT

inst

NOT

inst4

AND2

inst5

CLRN

D
PRN

Q

DFF

inst6

VCC

AND8

inst2

NAND2

inst3

AND3

inst10

NOT

inst11

AND4

inst12

NOT

inst1

LCELL

inst8
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A[2]

A[3]

A[17]

A[18]

A[19]

A[16]

A[1]

VCC
nAS INPUT

VCC
A[19..16] INPUT

VCC
CPUSpace INPUT

VCC
A[3..1] INPUT

nIACK681OUTPUT

AND4

inst51

NOT

inst52

AND3

inst53

3:8 DECODER

A
B

G1
C

G2AN
G2BN

Y0N
Y1N
Y2N
Y3N
Y4N
Y5N
Y6N
Y7N

74138

inst54
GND


