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Module Interface

module example 1p (clk, reset_1
,up_din
,up_addr
,up_csl
,up_rwl
,up_dout
,up_dout_ENL
,controlil
,control2
,status1
,stickybit1
,stickybit2
,repeatingfield®
,repeatingfield1
,morerepeat

input
input
input
input
input
input
input
input

output
output
output
output
output
output
output

reg
reg
reg
reg
reg
reg
reg
|

[3:08]

[5:8]

[7:0]
[7:0]
[11:0]
[1:0]
[7:0]
[7:0]

[11:0]

[1:0]

clk, reset_1 ;
up_din;
up_addr;
up_csl;
up_rwl;
statusi;
stickybiti1;
stickybit2z;

up_dout;
up_dout_ENL;
controll;
control2;
repeatingfieldoe;
repeatingfieldi1;
morerepeat;

up_dout;
up_dout_ENL;
controll;
control2;
repeatingfieldoe;
repeatingfieldi1;
morerepeat;
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Module Interface

clkk —— P>
reset |— »
up_din —4>
up_addr =
up_csl——»
up_rwl———»
statusl
stickybitl ——»
stickybit2 ———p»

System BUS I/F =

example_Ip

8
= up_dout
— o » up_dout ENL

AV controll

A control2

——» repeatingfieldO
—— > repeatingfield1
—p- Orerepeat

Status info from the
peri-device

Control signal to the
peri-device
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Module Interface

address bus

data bus |

clk —
reset | o ™
=% up_din=>
> up_addr =5
up_csl—»
up_rwl——»
status1
stickybitl—p
stickybit2 —p

example_Ip

8
= up_dout;

— 5 P up_dout ENL;
? controll;
=== control2;
—»repeatingfieldO;
——prepeatingfieldl;

=S MOrerepeat;

\

addr rdata wdata

Peripheral Device Processor
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Control Registers and Status Registers

clk —»

reset_| ?

=% up_din =
el U QCAL =
up_csl —»

up_rwl ——p

statusl

— stickybitl — p»

— 5 stickybit2

8
= up_dout; -
o P up_dout_ENL;

—AF controll;

Control Registers
inside example_lIp

example Ip

12 !
control?2;
—»repeatingfieldO;
—_®»repeatingfieldl;
- morerepeat;

Status Registers
outside example_Ip

CSR
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Memory Access Operations

Memory CPU Memory CPU
WR | RD 1

n-bit Data n-bit Data

k-bit Address k-bit Address
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Memory RD & WR Operations

CPU

Input n-bit word

k-bit address @

n-bit Data Bus

Mem_En
RD/WR

CPU

'

n-bit Data Bus

Output n-bit word
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Memory-mapped IO Operations

For normal
memory
address

For 1/10

device

address

Peri-
Device

CPU

Data Bus

E
Device

CPU

Data Bus

CSR
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System Bus Interface

address bus

data bus

control bus

clk — P> 8
reset | o ™ = up_dout;
= up_din=> — o P up_dout_ENL;
> up_addr = ? controll;
up_csl—» example |p — COﬂtI’O!Z; .
up_rwl——» - —»repeatingfieldO;
status1 == ——prepeatingfieldl;
stickybitl—p - MOrerepeat;
stickybit2 —p

CSR Young Won Lim
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System Bus Registers

address bus

data bus

. control bus

up_din ———»D Qe » up dinQ

g UpP_addr —D QL up_addrQ

>

—————— up_csl —/Db Q » up_cslQ
>

up_cslQ —L—»D QL yp cslQO
>

——» up_rwl . D O — up_rwlQ

CSR 1 2

up_dout D ===

D Q » up_dout

D Q . up dout ENL

up_cslQ
up_rwlQ
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System Bus Data Registers

address bus

data bus

control bus

up dout
‘ < pP_

Control_Sig_D \_,D Q

Control_Sig Status_Sig

CSR Young Won Lim
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Combinational Logic Block

Sensitivity Lists

always @ (up_din

CSR

or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or
or

up_addr
up_csl
up_rwl
status1
stickybit1
stickybit2
up_dinQ
up_addrQ
up_cslQ
up_cslQQ
up_rwlQ
up_dout
up_dout_ENL
version
devicelD
controlil
control2
stickybitis
stickybit2s
repeatingfielde
repeatingfield1
morerepeat

J begin

default assignments

up_dout D =

controll D
control2_D
stickybit1s D
stickybit2s_ D
repeatingfielde_D
repeatingfield1_D
morerepeat D

up_dout ;

controll :

control2 ;

stickybit1s | stickybit1 ;
stickybit2s | stickybit2 ;
repeatingfieldo ;
repeatingfieldl ;
morerepeat ;

Control_Sig

up_dout

14

<= Control_Sig D <=up_dinQ

<= up_dout D

<= Status_Sig

Young Won Lim
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Reg Signal

reg [3:0] version ;
reg [3:0] devicelD ;
reg [7:0] up_dout D ;
reg [7:0] controll D;
reg [11:8] control? _D;
reg stickybiti1s, stickybitis D;
reg stickybit2s, stickybit2s D;
reg repeatingfield® _D;
reg repeatingfield1 D;
reg [1:0] morerepeat_D;
CSR Young Won Lim
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Control register input signals

Control_Sig_D <=up_dinQ

// Compute FF input signals for WRITE
if (up_cs1QQ & ! up_cslQ & ! up_rwlQ)

case (up_addrQ)
6: begin // Ox0
end
1: begin // @x1

controll D = up_dinQ[7:0] ;

end
2: begin f/ @x2

control2 D[7:0] = up_dinQ[7:0] ;

end

5: begin /J/ 0x5
stickybit1s_ D
stickybit2s_D

end
6: begin // 0Ox6

repeatingfieldo_

morerepeat D[@]
end
7: begin J/ ox7

up_dinQ[7] ;
(stickybit2s D & ~up_dinQ[6])
| stickybit2 ;

D = up_dinQ[7] ;
= up_dinQ[6] ;

i repeatingfield1 D = up_dinQ[7] ;
3: begin // Ox3 _ . X
control2_D[11:8] = up_dinQ[3:0] ; Engurerepeat_n[l] = up_dinQ[6] ;
4 End_ x4 endcase
+ begin // 0x end [/ always begin ... end
end
up_din up_dinQ Control_Sig_D Control_Sig
D Q »D QO p
> >
CSR Young Won Lim
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Address Decoder

| > Al

up_addrQJ[2:0]

> A3
ﬁ

.Y
> A5

> A6
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From up_dinQ to control register input signals

(up_cslQQ & 'up_cslQ & 'up_rwiQ) > |E

if (IE & AO)

if (E &A1) up_dinQ[7:0] = controll_DJ[7:0]

if (IE & A2) up_dinQ[7:0] » control2_D[7:0]

if (IE & A3) up_dinQ[3:0] © control2_DJ[11:8]

if (IE &A4)

if (IE & A5) up_dinQ[7] » stickybitlS D

if (IE & AB) ((stickybit2S_D & ~up_dinQ[6]) | stickybit2) - = stickybit2S D

if (IE & A6) up_dinQ[7] “ repeatingfield0_D

if (IE & A6) up_dinQ[6] “ morerepeat_D[0]

if (IE & A7) up_dinQ[7] " repeatingfield1_D

if (E & A7) up_dinQ[6] “ morerepeat_D[1]
o 18 e



Control Register Input Condition

(up_cslQQ & 'up_cslQ & 'up_rwiQ)

up_csl up_cslQ
~——»D Q

I | =

up_addrQ[2:0]

—

up_csl

up_cslQ

Chip Select up_cslQQ
write up_rwlQ

CSR
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Control Register Timing Diagram

up_cs

1
‘A

up_csl
Chip Select | up_cslQQ

write up_rw|Q

)
up_din >

Control_Sig | <:>

c
>
jabl
o
Q.
=

up_din up_dinQ Control_Sig_D Control_Sig
—_— »D Qu—p

L
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D FlipFlop with Enable

if JE&AQ) AA D =i AA

AA D AA

—D Q > 0
D Q
|E—:>_ N D 1 ]
A?—
EN
> CK >

CSR Young Won Lim
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Control Register Input from DinQ

(up_cslQQ & 'lup_csIQ & lup_wlQ) = |E [N

> Al

P CSI93 ddrQ[2:0] T
up_cslQ —O IE up_addrQ[2: |

up_rwlQ —0O —_— > A3

e A4

—®» A5

—» A6

—» A7

if(IE&AQ0) AA D = AA

up_din up_dinQ AA D AA
=D Q - > D Q -
IE —
Ao )— EN
> >

AA Control Register

CSR Young Won Lim
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Stickybit Registers

up_din up_dinQ[7] stickybitlS_D stickybitlS
r— - — \ »| D >
i B
A5 — A5
D
up._din dinQ[6] I_ stickybit2S_D Clubitos
_ up_din stickybit
—_— > 0 >__T\, » D >
| = J— EN
tickybit2 Ao
stickybi
g >
CSR Young Won Lim
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Stickybit Registers — Combinational Feedback Loop

"

up_dinQ[6] |—_> ig(ybitzs_[) _ 0 |—l_>>—ﬁL> L |,
|

H pulse turns on ) J_I_l

St|Ckyb|t2 the loop
1L
ET
High stickybit2 from peri 0 — ;) N\ 1 -
: T 0
device turns on the 4
feedback loop |
This H can only be turned off 0
by H up_din[6]
0o
Stable Loop %/)_ﬁ y 0 >
Stuck-At-1 | y
H pulse t ff 0
set_false_path STA command thg fosoi e

Young Won Lim
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Stickybit Registers — related code segments

always @ (up_din module example_1p (
or stickybiti ,stickybit1
or stickybitz ,stickybit2
or stickybiti1s )
or stickybit2s
) begin
input stickybiti1;

stickybiti1s D
stickybit2s D

stickybitis || stickybitil ; input stickybit2;
stickybit2s || stickybit2 ;

reg stickybit1s, stickybitis _D;
/] Compute FF input signals for READ reg stickybit2s, stickybit2s_b;
up_dout D = 0 ;
if (up_cs1QQ & ! up_cslQ & up_rwlQ)
case (up_addrQ)
5: begin // x5
up dout D[7]
stickybit1s_D
up_dout_D[6]

stickybitis |;
0 ;
stickybit2s |;

1] 1l

end
endcase always @ (posedge clk or negedge reset_1)
// Compute FF input signals for WRITE ifsiiikrgiiigl beginﬂ .
if (up_cs1QQ & ! up_cslQ & ! up_rwlQ) stickybitzs {: 0 !
case (up_addrQ) d y -
5: begin f/ 0Ox5 z?se begin
stickybit1Ss D = up dinQ[7] ; s X B . i .
stickybit2s D = (stickybit2S_ D & ~up_dinQ[6]) z:;ztygtizg = zttztygtizg—g ;
| stickybitz ; d y - y - 7
end en
endcase
end // always begin ... end
CSR 2 5 Young Won Lim
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RepeatingField Registers — related code segments

always @ (or repeatingfield® or repeatingfieldl or morerepeat ) begin
repeatingfield® D = repeatingfielde| ;
repeatingfield1l D = repeatingfieldi ;

module example_ 1p (

morerepeat D = morerepeat ; ,repeatingfielde
,repeatingfield1
// Compute FF input signals for READ ,morerepeat
up_dout D = 0 ; )
if (up_cs1QQ & ! up_cslQ & up_rwlQ)
case (up_addrQ)

6: begin // Ox6 output repeatingfieldo;
up_dout_D[7] =|repeatingfielde |; output repeatingfieldi;
up_dout_D[6] = |morerepeat[®] ; output [1:0] morerepeat;

end

7: begin /) Ox7 reg repeatingfieldo;
up_dout_D[7] =|repeatingfieldl ; reg repeatingfieldi;
up_dout_D[6] = |morerepeat[1] ; reg [1:0] morerepeat;

end
endcase reg repeatingfielde D;
reg repeatingfield1_D;
// Compute FF input signals for WRITE reg [1:0] morerepeat_D;

if (up_cs1QQ & ! up_cslQ & ! up_rwlQ)

case (up_addrQ) always @ (posedge clk or negedge reset 1)

6: begin // ©x6 if (! reset_1) begin
{gepeatingfieldﬂ_n = up_dinQ[7] ; repeatingfieldo <= 0 ;
morerepeat_D[0] = up_dinQ[6] ; repeatingfieldl <= 0 ;
end morerepeat <= 0 ;
7: begin // Ox7 end
repeatingfield1_D = up_dinQ[7] ; else begin
morerepeat D[1] = up_dinQ[6] ; repeatingfield® <= repeatingfielde_D ;
end repeatingfield1 <= repeatingfield1 D ;
endcase morerepeat <= morerepeat D ;
end // always begin ... end end

CSR
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Write Registers

A A

resgltliI:: —S up_dout;
up_din=—— ——» up_dout_ENL; v
—-Up_addr=——: %»controll;
Upcel yexample Ip —Tycontralz o dere
status1 =S —» repeatingfield1;
stickybitl— —l morerepeat;
stickybit2 —»

Peripheral Device Processor
controll D —=—  ontrolt
control2 D —L control2

stickybitts b > stickybitlS

stickybit2s b —— » stickybit2S
repeatingfield0 D —4 : repeatingfieldO
repeatingfieldl. O repeatingfieldl

morerepeat D 2 morerepeat

| HI:L

\J

controll
control2
stickybitlS
stickybit2S
repeatingfield0
repeatingfieldl

morerepeat

CSR
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Output data register input signals

up_dout_D <= Status_Sig

// Compute FF input signals for READ
up_dout D = 0 ;
if (up_cs1QQ & ! up_cslQ & up_rwlQ)
case (up_addrQ)
@: begin // Ox0 5: begin // @x5

up_dout_D[3:8] = version ; up_dout D[7] = stickybitis ;
up_dout_D[7:4] = devicelD ; stickybitis D = 0 ;
end up_dout_D[6] = stickybit2s ;
1: begin // ©8x1 end
up_dout_D[7:8] = controll ; 6: begin // Ox6
end up_dout_D[7] = repeatingfieldo ;
2: begin // Ox2 up_dout _D[6] = morerepeat[8] ;
up_dout_D[7:0] = control2[7:0] ; end
end 7: begin J/ @x7
3: begin f/ 0x3 up_dout_D[7] = repeatingfieldl ;
up_dout _D[3:0] = control2[11:8] ; up_dout_D[6] = morerepeat[1] ;
end end
4: begin [/ 0x4 endcase
up_dout D[5:8] = statusi ;
end
Status_Sig up_dout_D
> »D Qe
up_dout
L P_
CSR Young Won Lim
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Input data to up_dout register

(up_cslQQ & 'up_cslQ & up_rwlQ)

if (0 & AO) {devicelD, version} »up_dout_D[7:0]

if (- &A1) controll » up_dout_D[7:0]

if (U & A2) control2[7:0] » up_dout_D[7:0]

if (- &A3) {4'b0000, control2[11:8]} » up_dout_DJ[7:0]

if (U &A4) {2b00, statusl} » up_dout_DJ[7:0]

if (UF & AB) {stickybitlS, stickybit2S, 6'b000000} » up_dout_DJ[7:0]

if (- &A5)0 » stickybitlS_ D

if (U & A6) {repeatingfield0, morerepeat[0], 6'0000000} = up_dout_DJ[7:0]

if (0 & A7) {repeatingfield1, morerepeat[1], 6'b000000}; = up_dout_D[7:0]

CSR Young Won Lim

29

4/30/16



Status Register Output Condition

(up_cslQQ & 'up_cslQ & up_rwlQ)

up_csl up_cslQ
~——»D Q

I | =

up_addrQ[2:0]

—

up_csl
Chip up_cslQ
Select up_cslQQ
Read
CSR
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Output Data Register Timing Diagram

up_cs

1
‘A

up_csl
Chip Select | up_cslQQ

write up_rw|Q

c
o
Q
o
Q.
=

)
up_din >

Status_Sig

[em
o
o
o
c
—

up_dout_ENL |

Status_Sig up_dout_D

up_dout

CSR Young Won Lim
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From Status Signals to Dout

up_cslQQ —
(up_cslQQ & lup cslQ & lup rwlQ) > up_cslQ —O
up_rwlQ —

up_addrQ[2:0]

{devicelD, version} — >
controll S
control2[7:0] >
4'n0, control2[11:8 :
{ [11:8]} up_dout_D[7:0] up_dout
{2b0, statusl} D Q m—————p
{stickybitlS, stickybit2S, 6'b0} ' — EN
0 S
{rptfd0, mrpt[0], 6'b0} .
{rptfd1, mrpt[1], 6'bO}; >
CSR Young Won Lim
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Read Status Registers

-4
-

CSR

clk —m 8
reset_|—5# - up_dout;
up_din=—— ——®» up_dout_ENL;

%»controll;
up_csl—— example_Ip == control2;

up_rwl—» —» repeatingfieldO;

status1 =8 —» repeatingfieldl;
stickybitl—m» —l morerepeat;

stickybit2 —»

—————-up_addr=—=

Peripheral Device

 J
addr data

Processor

{devicelD, version}

controll

control2[7:0]

{4'b0, control2[11:8]}

YYYYY

{2b0, statusl}
{stickybitlS, stickybit2S, 6'b0}
0

>

{rptfdO, mrpt[0O], 6'b0}

{rptfd1, mrpt[1], 6'bO};

>

>

up_dout_DJ[7:0]
up_dout_DJ[7:0]
up_dout_DJ[7:0]
up_dout_DJ[7:0]
up_dout_DJ[7:0]
up_dout_DJ[7:0]

»- StickybitlS D

up_dout_DJ[7:0]
up_dout_DJ[7:0]
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FF Inference

always @ (posedge clk or negedge reset_1)

if ( ! reset_1) begin

up_dinQ <= 0 ;
up_addrQ <= 0 ;
up_cslQ == 0 ;
up_cslQQ == 0 ;
up_rwlQ <= 0 ;
up_dout <= 0 ;
up_dout_ENL <=1 ;
version <= 15 ;
devicelD <= 14 ;
controll <=0
control2 <= @
stickybitis <=0 ;
stickybit2s <=0 :
repeatingfielde <= 0 ;
repeatingfieldl <= 0 ;
morerepeat <= 0 ;
end

CSR

else begin

up_dinQ <=
up_addrQ <=
up_cslg z=
up_cslgQ ==
up_rwlQ <=
up_dout ==
up_dout_ ENL <=
version <=
devicelD <=
controll <=
control2 ==
stickybitis <=
stickybit2s <=

repeatingfielde ==

repeatingfieldl <=

morerepeat <=
end

endmodule

34

up_din ;
up_addr ;
up_csl ;
up_cslQ ;
up_rwl ;
up_dout D ;
(up_cs1Q|up_rwlQ)
0 ;

1;

controll_D ;
control2_D ;
stickybit1s D ;
stickybit2s D ;

repeatingfielde_D ;
repeatingfield1 D ;

morerepeat_D ;

Young Won Lim
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Registers

up_din

up_addr

up_csl

up_cslQ

up_rwil
up_dout D
(up_cslQ|up_rwlQ)
0

1

controll_D
control2_ D
stickybitlS_D
stickybit2S_ D
repeatingfield0_D
repeatingfieldl_D

morerepeat_D

CSR

up_dinQ

up_addrQ

up_cslQ

up_cslQQ

up_rwiQ

up_dout

up_dout_ENL

\J

version

devicelD

controll

control2

stickybitlS

stickybit2S

repeatingfieldO

repeatingfieldl

morerepeat

M

\J
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Module Skeleton (1)

CSR

module chip up ifc (/*AUTOARG*/) ;
input eclock,

input
input
input
input
input
input
output
output
output
regq
req
req
req

[7:0]

[3:0]
[7:0]
[7:0]
[3:0]
[7:0]
[7:0]
[3:0]

[7:0]

initl ;
version:
S0MEETrTror ;
read;
write;
address;
up_datain;
fieldl;
field2:
up dataout;

fieldl, fieldl_D;
fieldz, fieldZ_D;
aomeerrors D
up_dataout_D ;

someerrors,
up_dataout,

always @ (/*AUTOSENSE*/) begin

fieldl D = fieldl ;
field2 D = fieldZ ;
someerrorsS_ D = someerrorsS | someerror ;
up_dataout_ D = up_dataout ;
if (write) case (address)
0: begin
fieldl D = up_datain[7:0] ;
end
1: begin
end
2: begin
field2 D = up_datain[3:0] ;
gomeerrorsS D = (gomeerrors D & ~up_datain[6])
end
endca se

36
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Module Skeleton (2)

if (read) case (address)

0: begin
up_dataout_D[7:0]

end

1: begin
up_dataout_D[7:0]

end

2: begin
up_dataout_D[3:0] = field2 ;
up_dataout_D[6] = zomeerrors ;

end

endcase

end

fieldl ;

version ;

always @ (posedge clock or negedge initl)
if (! initl) begin
fieldl == 0 ;
field2 == 0 ;
gomearror <= 0 :
up datacut <= 0 ;
end
elae begin
fieldl == fieldl D
field2 <= fieldZ_D ;
somesrrorS <= someerrors D
up_dataout <= up_dataout D
end
endmodule

o

CSR Young Won Lim
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CSR Documentation

CSR

da version
devicelD

3:0 RO
7:4 RO

=

=

7:00 R/W 0 |controll

7:00 R/W 0 |control2

0 |control2

3:0 RO 0 |statusl

=]

COR
6| RWIC

=

stickybitl
stickybit2

=

E

repeatingfieldN
6| R/W 0 mnrerePeat[N]'

38
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Properties of CSRs (1)

This section lists the properties that may be set on individual register fields. Most can be applied
in combination with others. These keywords can be in any order on the same line with the
register field definition. Upper vs. lower case 1s not significant.

¢ Intern: internal — indicates that the field is not an output or input of this venlog module.

® RO: read only - the field is only present in the read logic, and is an input to the module
(unless “Intern’ property is also declared).

® COR: clear on read — the field is reset to () when the address 1s read.

o  WIC: write-1-to-clear — the field 1s reset to 0 when the address is written and the
corresponding bit(s) is/are 1, but is not altered if the bit(s) is/are 0. (csrGen implements this
on a per-bit basis for multi-bit fields).

e ST: sticky — the field is sticky. The name in the definition 1s taken as an input to the module
(unless 'Intern’), and a flop is created for the sticky memory. The sticky value will remain 1 if
the nominal value 1s ever 1, if even only for one clock cycle. In the example above,
someerror becomes an input, someerrorS is the sticky flop, and logic is also present for the
‘W1C' property. This is customarily a single bit field.

* SOR: set on read - the field 1s set to all 1's when the address 1s read.

e DOR: decrement on read — the field is decremented by 1 when the address is read.
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Properties of CSRs (2)

CSR

DORS: decrement on read, saturating — if not zero, the field is decremented by 1 when the
address 1s read.

IOR: increment on read — the field is incremented by 1 when the address is read.

IORS: increment on read, saturating — if not all 1's, the field is incremented by 1 when the
address 1s read.

WI1S: write-1-to-set — the field is set to 1's when the address 1s written and the corresponding
bit(s) is/are 1, but 1s not altered 1if the bit(s) is/are (). (csrGen implements this on a per-bit
basis for multi-bit fields).

WO: write only — the field is only present in the write logic.

STO: sticky low — like sticky, but the sticky value stays 0 if the nominal value 1s ever (.

Incr: incrementer — the field 1s an incrementing counter. The name 1n the definition 1s taken
as a one bit input to the module (unless 'Intern’), and a counter with the field width is defined
with '_cntr' appended to the name.

IncrS: incrementer, saturating — same as Incr, but stops incrementing at all 1's.

Decr: decrementer — similar to Incr, but decrementing.

DecrS: decrementer, saturating — same as Decr, but stops decrementing at all ('s.
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Properties of CSRs (3)

CSR

SUB/SUBM: subset and subset msb — if several fields/addresses are to be catenated to form a
larger field, the same name 1s used for each subset and is defined as a field with the SUB
property followed by a range definition. The subset field with the most significant bit of the

larger field must use the SUBM property. For example:
BA 0
31:0 bigfield SUB 31:0
A 1
15:0 bigfield SUBM 47:32

Shadow: any field that 1s not to be constructed by ¢srGen, but is implemented by user added
logic can still be defined in the template for the purpose of documentation and generating
firmware or verification definition files. The shadow property prevents csrGen from
generating logic for the register.

Pulse: the field asserts for one cycle when wntten as 1, and always reads as 0.

PulseA: assert until acknowledged — when written as 1, the field asserts until an
acknowledgement 1s received. The name used for the acknowledgment 1s the field name with
_ack appended. The acknowledgment results in the deassertion at the next clock edge.

any numeric value is taken as a reset value for the flops in the register.

buss: for sarEPEAT only, single bit fields only, specifies that the name 1s taken as a vector
with a width matching the repeat count, and each address corresponds to one bit of the
vector.
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