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CPU and MEM
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Memory Data Register
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Memory Access Operations

Memory CPU Memory CPU

WR |RD1

8-bit Data 8-bit Data

8-bit Address 8-bit Address
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Memory Interface

Input 8-bit Data
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Memory Map

8-bit Address 8-bit data

" 0000 0000 —
0000 0001 —»
0000 0010 —>
0000 0011 —»
0100 0100 —»
0101 0101 —»

28 words <

1111 1011
1111 1100 —»
1111 1101 —»
1111 1110 —»
1111 1111 —»
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Memory Write Cycle

Input n-bit word

1

k-bit
address
WR
‘ iy Ui n-bit Data Bus
2“words
Mem En n-bit per word
Y
RD/WR
— > Synchronous WRITE
@ Clock W\__/
Output n-bit word \
- Address ® CPU " Valid Address
k-bit n-bit
0000 A
0001
0010
0011
o101 WE / \
0110
ot ~2*words
1001
1010 .
101 Data ® CPU "~ Valid Data
1101
1110
1111
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Memory Read Cycle - Synchronous

Input n-bit word

Memory
k-bit A
address ‘

I Memory Unit <

2words
n-bit per word

n-bit Data Bus

Mem_En
RDWR |
— > Synchronous READ
‘ [
@ Clock
Output n-bit word N
\ )
k-bit  n-bit Address ® CPU " Valid Address
0000 N
0001
0010
0100 WE T /
0101
0110
2000 ~2*words
1001
1010 .
1100 Data { - MEM "~ Valid Data
1110
1111
Young Won Lim
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Memory Read Cycle - Asynchronous

Input n-bit word

1

Memory

k-bit
address
RD
| Memory Unit < n-bit Data Bus >
2“words
Mem En n-bit per word
- »,
RD/WR
B Synchronous READ
@ Clock
Output n-bit word
ot b Address | cPU " valid Address
0000 A
0001
0010
0100 WE T /
0101
0110
1000 “2*words
1001
1010 .
1100 Data \ - MEM * Valid Data
1110
1111
Young Won Lim
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Async & Sync Read Cycle

Synchronous READ Synchronous READ

Clock Clock

Address ( ¢ Address e

WE \ / WE \ /

Data { Data )

Asynchronous READ Asynchronous READ
Clock Clock
Address L ) Address I:!
\WE / WE \ /
— —
Data / Data
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Virtex LUT RAM

module ram16x1(q, a, d, we, clk);

output  q;
input d;
input [3:0] a;
input clk, we;
reg mem [15:0];
always @(posedge clk) begin
if(we)
mem[a] <= d;
end

assign g = memia];

endmodule

Synchronous
Write

Asynchronous
Read

http://www-inst.eecs.berkeley.edu/~cs150

ISA (2A)
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LUT RAM Timing

CLK W

ADDR (s )|( O € N )l( ¢

DI Co X Xo Mo Y o ) ¢ W

WE _/M . .1.
DOUT F )24 )14 ) 4 W )4 >

WRITE READ WRITE = WRITE WRITE READ

Xilinx Document

ISA (ZA) 14 Young Won Lim

5/11/16



Virtex Block RAM

Every block SelectRAM

- synchronous write

- syncrhronous read

- dual-ported

- independent control signals
- independent data widths

- independent CLKA & CLKB
- 4096-bit RAM

http://www-inst.eecs.berkeley.edu/~cs150

ISA (2A)
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Virtex Block RAM Timing

ak M\
ADDR (o W Yo X

DI e ) <
DOUT ( X X X Dg
EN \
SSR ) \
WE /T \L
READ WRITE READ
Xilinx Document SSR (Synchronous Set Rest) value = 1010
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Sync RD Cycle - worst & best case

Timing Specification

ak M\
ADDR (& NG NE X X

DOUT ¢ X X X
EN s N
Ss )
a( o )—> best case delay i f N
WE / \
> ( ® ) READ WRITE READ
ADDR —»( ° )» worst case delay
Dl more realistic timing
Synchronous READ
DOUT ( ) MEM - CPU Clock ‘
Address ( *  CPU ) Valid Address
WE 4 \ | /
WE T\ /
READ WRITE
Data { . MEM " Valid Data
Young Won Lim
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Async RD Cycle - worst & best case

Timing Specification

kM

Kk M\ T EEE=

DI ( X o X X X

DOUT ¢ X X X
EN

- ) W

° )—» best case delay o 2

WE /T \
Pl D
ADDR 4* ° )» worst case delay

READ WRITE READ
DI

more realistic timing

DOUT E ) MEM - CPU Asynchronous READ

Clock
WE // \ Address |:; ' CPU ) Valid Address
READ  WRITE I/
Data MEM © Valid Data
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WR Cycle - worst & best case

Timing Specification

ST e o NI o D o NI o NI

ADDR (o V& N X X
CLK /_\_/_\_/_\_ o ¢ XXX X
DouT < X X X D
BN N
SSR V4 \
»( [ ) )—» best case delay
WE / \
» ( o ) READ WRITE READ
ADDR —»( o )» worst case delay
DI ( e ) CPU ~ MEM more realistic timing

Synchronous WRITE

DO UT Clock /—\J—\_/—\_/

Address ® CPU ") Valid Address
WE / \
WE / \

Data ( ® ) CPU © Valid Data

READ WRITE READ
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Waveform Viewer Timing (1)

* timing figures without delay (Ideal case)

RTL functional simulation

* timing figures with delay

Gate level simulation
with SDF annotation
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Waveform Viewer Timing (2)

Sync WRITE Sync READ
ak SN\ S\

R

eg MAR ( ) < ) timing figures
Reg MDR ( ). (MEM - ) >~ without delay

Ideal

M= WE [TMEM_WR L ] MEM RD: l_ | dealcase)
Reg = MAR | { °) ¢ )

Reg MDR 4 °) (MEM =» ) “C”'V:[‘hgofggges
FSM= WE | MEM_WR : | | MEM_RD: |

unintended MEM_RD :
write cycle! One cycle ahead
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Waveform Viewer Timing (3)

Sync READ Async READ
ck /SN N\ N\

Reg MAR ( ). ( ) timing figures
(MEM = ) (VMEM = »  without delay
ESM (Ideal case)
= WE Jwewmcro: [ ] memro: [ /
Reg MAR ( ° ) ¢ )
. timing figures
FSM (MEM = ) (MEM = ) "~ with delay
= WE II\/IEM_RD: | II\/IEM_RD: |

_/

unintended MEM_RD :
write cycle! One cycle ahead
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LUT as a combination logic block

Input 1-bit Data

Xy z F @
© 00O0|0 _
—\ 1 3-bit
=1 00101]) Address ‘

2 010|0 1 X, y, 2} Memory Unit
=3 011 1§D1 F 2°words
=4 100 1ED1 Read ~ 1-bit per word

5 101|0 Write — »

6 11 0(0

7 111|0 @

Sum of Product Output 1-bit Data
F
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LUT : Async Read

Async READ
N\ N R 4

] MEm_RD ,_I- LUT Data Write

Address : Inputs @

Data : Outputs

The outputs available in the X, Y, 2} ‘ Memory Unit
same cycle where the inputs 2°words
are applied 1-bit per word
Combinational Logic Block :

A set of Boolean Functions

F

ISA (ZA) 24 Young Won Lim
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Instruction Set Architecture

8-bit 8-bit
OP code M: Operand Address
ADD 001 M
STR 010 M
CLA 011
JNZ 101 M
RST 111

Variable Length

ADD $M
STR $M
CLA
JNZ $M
RST

. ACC < ACC +[M]

[M] « ACC

;, ACC < 0
, PC « M if Z=0
, PC <0

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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ADD Operation

PC

001 MEM_RD

M MEM_ RD

ADD  $M © ACC < ACC + [M]
||
+
—
£ Y
AcCC

ISA (2A)

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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STR Operation

STR  $M - [M] < ACC

PC

Acc

o

ISA (2A)

010

[M]

MEM_RD

MEM_RD

MEM_WR

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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CLA Operation

CLA ;, ACC < 0
+
I PC 011
Acc < 0O
Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
Yo Won Li
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JNZ Operation

JNZ $M , PC <« M if Z=0
If ACC is
not zero
l l flag Z=0
+
E—
ACC If ACC is
zero
l flag Z=1

PC

inst

101

inst

MEM_RD

MEM_RD

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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RST Operation

RST . PC - 0 New o oo | inst
PC 111
Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
Young Won Lim
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MEM Access in ADD Instruction

2 RD - Instruction ADD  $M , ACC < ACC + [M]

1 RD - Operand

MAR MDR
PC 001 MEM_RD PC OPCode001 —
M MEM_RD PC’ = PC+1 M -

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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MEM Access STR Instruction

2 RD - Instruction
1 WR - Operand

PC

010

[M]

STR $M ; [M] <« ACC
MAR MDR
MEM_RD PC OPCode010 —
MEM_RD PC’' = PC+1 M -
MEM_WR M ~ ACC

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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MEM Access CLA Instruction

1 RD - Instruction

PC

011

CLA - ACC < 0
MAR MDR
MEM_RD PC \ \ OPCode011 -

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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MEM Access JNZ Instruction

2 RD - Instruction IJNZ  $M , PC = M it Z=0
IFACCis  New __ o '\ inst
not zero | PC
flag Z=0
MAR MDR
PC 101 MEM_RD PC OPCode101 -
M MEM_RD PC’ = PC+1 M -
IfFACCis  New __ inst
zero PC
flag Z=1
Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
Young Won Lim
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MEM Access RST Instruction

1 RD - Instruction

PC

111

RST - PC <0
MAR MDR
MEM_RD PC \ \ OPCodel111 -

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf
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Addr. Machine Codes

00 60 CLA ;Clear Acc and then adding the operand is

01 2078 ADD $ONE ;equivalent to move the operand to Acc

03 40 FF STR $FF

05 A0O01 JNZ $01

07 EO RST

78 01 ONE: DAT 00000001 ;Constant1 00 60
01 20
02 78
03 40

o0-01-..-FE-FF~-00 04 FF
05 A0
06 01
07 EO

FF | | 78 01

ISA (ZA) 36 Young Won Lim
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