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Spinal HDL 224

= Spinal HDL B—MEREMHHERIES, 183X Verilog EAMER

m Spinal HDL ZASfBi_EE Scala BI—1EE (Scala @—MBERANEBEMNRIES, H
TREFRFEEIBITE Java B L), MAR—I MBS, WA Spinal HDL
KR ERERES —ERNFHM Scala 12/F, BITERSBHINE Verilog X1,

m Spinal HDL BYRBAER] LUBEFE N ARG TIEM A EEN . FraNEHESE8
EBEM Scala WK, HRFEMED = o + XMW “SERF” UKIEW when 3
switch By “RBF” WMESHIT “WE" 8F, ZRELESTEABEL Scala RETE
BHESELEER, TITXERER, MERXFMIZIELL Verilog BZRHIH.

m Spinal HDL fME7E EDA TEARS, EANEKEMASTE Verilog X1k,

m Spinal HDL R2—MEBXREZE (HLS), ©REUEFIA IEREM,
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SpinalHDL 224

The goal with it is to stop playing with wires and gates, to start taking some
distance with that low level stuff, to think reusable.
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SpinalHDL FJSZAY

HETF B IR IRIR ISR

m E/SERX: https://spinalhdl.github.io/SpinalDoc-RTD/master

m ESPX: https://spinalhdl.github.io/SpinalDoc-RTD/zh_CN/master
m /FXEPX: https://thucgra.github.io/SpinalHDL_Chinese_Doc

m #R1R: https://github.com/SpinalHDL/SpinalTemplateSbt
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Verilog fZ1Ef1 2. [Al#

= Verilog @— I JAFRERSRNES, MIBZZIRMTFEAEEMRILIT,
= Verilog HAZIL A BEREERER, #8&k, A Spinal #EREHEE B,
» BHIRITHIE TR ZIHEHIREEGES, MEXKA Verilog X NIES!
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HERHRSNFEEEaIE

w AEBEMFH wvire KB, £ assign BAREE = #1TEE

n BFZIEER reg B, 7F always RAPER <= #H1TEE,

n BHHERAEAN FRREGZEERE X!

w ERABRBIREX D TITH, AAXEBBEIHRMHEARRNAG LHTER?
n FESNEMNERBNEETFE— alvays IRHA if (~rst_n) X5,

n FH <= BIFBERNIEERERE!

n PEEMEEL alvays 0(x) IREL reg KRIKFEHA GBI, MRBIEEL.
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HEBHES N P2 EE ) E|

10

S 1: BEEIESNFEERBLE

FEfERIBIF
000000000

regl[3:0] cnt;
wire[3:0] inv;
assign inv = ~cnt;
always Q@(posedge clk or negedge rst_n) begin
if(~rst_n)
cnt <= 4'b0;
else
cnt <= cnt + 4'b1;
end
assign out = inv[3];

Yuxuan Li CS110 Discussion
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RRERA T SEBIL I 52 G £2

s IRRAELFIEBTILEIHITIERR, SHEBEEXKEFEES,

n RPOHEOMNIEREAKY, AAKXBAEOGSHETHIMBEEE N,
n BAEBEEEAMERNZEOES!

n FHMAER: HEFIE fao F fa1, FEEEIEERE fa0.cout # fal.cino
n LHMEBERNFTSIEE (a(alo]) FFEREEE, BHRTF a=alo] RFEM.

Yuxuan Li CS110 Discussion
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RRERA T SEBIL I 52 G £2

U 2: RIRINAE SEFI KBS SE i 1%

1 |wire faO_cout;
2 |wire fal_cin;
3 |full_adder fa0O (

4 .a(af0]), .b([0]), .cin(1'b0),

5 .sum(sum[0]), .cout(fa0 cout));

¢ |full_adder fal (

7 .a(afl1]), .b(b[1]), .cin(fal cin),
8 .sum(sum[1]), .cout(cout));

o |assign fal_cin = faO_cout;
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DIREM A PR B RE {25 T A1

SHBAE Verilog PERREI, XA LRERFUBVEMBEHF

» BERBREERES (BHAE, S5E2EFE).
= BERBEEREANER HERE, SadEFHRT).

Yuxuan Li CS110 Discussion
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000000000
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DIREM A PR B RE {25 T A1

n FHIBAFEET generate IMEH, FHANTERIFHD genvar HH,
n EREAIREEFER for IBFM if PZFERBNLMED,

s ERBMEGRIEZEEEEELE, REREW, B5EE.

n BI80 if ATLARIBY B FERIBAHR D ZMER— MRS MUX.

m 180 genvar 5 wire M reg BIERAAR—H, BEXZERE,

n S REIEIREY, RERAIEXHEESSHE—FRETERES.
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DIREM A PR B RE {25 T A1

A 3: TR B PREVEEMF ERIED

FEfERIBIF
000000000

genvar i,
generate
for (1 = 0; i <4; i =i + 1) begin : gen_struct
if 1 %h2==0)
assign c[i] = ali] & bl[il;
else
assign c[i] = a[i] | b[il;
end
endgenerate

Yuxuan Li CS110 Discussion
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iR Z XHME S AR R AE

w RBEEMENEE (RRWNEE) , TER—RIEMRESHERE I,
» REESEFELERREOMCRE, WAEROHEREIILEFHNESMES,
n BEESH, BoNEAN, BBoNKL, BERFEE naster/slave WML,
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iR Z XHME S AR R AE

U9 4: BRZHESEMEBIHREE

1 |module ahb_lite_master (

2 input wire[31:0] HRDATA,
3 output wire[31:0] HWDATA,
a output wire[31:0] HADDR,
5 //...

6 )

/...

s |endmodule
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Spinal HDL B2k

Spinal HDL BYREA LIKE S AL THANERD
n BRER . L2 Java IFIRF Scala 3F1R (openjdk # coursier),

SERERIBIF
000000000

m FEHIFIE: L% Verilator (A E28M] GtkWave B EE2E (oss-cad-suite)o

Spinal HDL FER7ESE—RIRIFIX Scala 12FET BEh#R T3

Spinal HDL BIAFAFET Linux &4 (R1ThRIERE Ubuntu 24.04) _E3#1T,

Yuxuan Li CS110 Discussion
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ZHE Java fll Scala Ih5E

TE-EEMTERE (AR LUZER)

1 |sudo apt install curl git

LI Java I8

1 |sudo apt install openjdk-17-jdk-headless
2 |sudo apt install openjdk-21-jdk-headless

XISHETERIRZ openjdk-17. A1, HF Ubuntu 24.04 BEFE— M FTEERIE
NERIABY openjdk-21, =FE Spinal HDL {AEHINA <jni.h> MEXEIEHEIR, LLER
B ARR S REBTERIE openjdk-21, MIARABRAFSHREAD KR,
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ZHE Java fll Scala Ih5E

LI Scala I8, XFEETE coursier, Xe— TNHAPRZERZK

1 |curl -fL https://github.com/coursier/launchers/raw/master/cs-x86_64-pc-
linux.gz | gzip -d > cs

2 |chmod +x cs

s |./cs setup

ZLZERIESIE coursier MIBXTALZEZE ~/.local/share/coursier H,
ZEZERASBEERZ AR $PATH #, FEEFopRIE,
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Z4E Verilator (i E g3 GtkWave [KIE & E 2

ﬁ’li_u:bgﬁﬂjla (yuﬁ_.“’/(lu\mg)
1 |sudo apt install make gcc g++ zliblg-dev

L4 Verilator f1 GtkWave, XLtT BESEERKIE oss-cad-suite

1 |curl -fLO https://github.com/YosysHQ/oss-cad-suite-build/releases/
download/2025-03-03/0ss-cad-suite-linux-x64-20250303.tgz

2 |tar -xzf oss-cad-suite-linux-x64-20250303.tgz

3 |sudo mv oss-cad-suite /opt
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Z4E Verilator (i E g3 GtkWave [KIE & E 2

REECEXM (972R2ERTF Bash # Zsh BECE )

FEfERIBIF
000000000

1 |vim ~/.profile
2 |vim ~/.zprofile

AL TAZR, f /opt/oss-cad-suite/bin {UTFIERERF

1+ |export PATH="$PATH:/opt/oss-cad-suite/bin"

ERNENERBEN.

Yuxuan Li CS110 Discussion
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VSCode &

SpinalHDL FFRFILIEREER VSCode, HREBRELI TR MEMY
m Scala (Metals)
m Scala Syntax (official)
LEM— T ZENRER—MEM.
Be/a R LAE#E1E VSCode MIEIZREFTTRY Scala F2FHRIFMIZITo
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Scala BYPHEAT]

Scala A val XRAALEE, FH var KRBT HEE!, Spinal B2 valo
Scala B class. case class. object = MIEB XX HIE,

Scala By class IR RRINEERAEW, ERERIFHMLEEFHIEH,
Scala By class REFHSHMEE, NMAZHE object, NRAEEFFSH,
Scala By class FERBIMUAIEHEE (A nev, AIXMAEFSELRK.

Scala BY case class fl class EAHMEE, BFEERMXE: LHIKRAE
E new, WERBNSEHESNEN BN R, Spinal PFERA case classo

m Scala WIESHMEREEXRFRAL, RBAIESAMEIERLRAIR LA,
= Scala £/ O MARE [ #HITFIRBRSI
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Spinal HDL B9 HH 7%

m Spinal ERERELL case class Foo() extends Component F3ko

m Spinal BIRAYETEXH, —MKIHIABNERE, LB E LMK,

m Spinal #&IRAY 10 LA val io = new Bundle F3k, B in() # out ) EEHS M,
m 55A: Bool(), Bits(x bits), UInt(x bits), SInt(x bits)

n ESEEER =, R IWHNIEERER, ZIXFD%IET_'U_J}EH S5 WRNAE.
m £ Reg ) BIRESHAKRER—IFESE, B init() REEME,

» Spinal 7, BHMESHNEMGESZETENER FENHRM.

m A when {} otherwise {} RFF&EH MUX, XHAE Scala XFEF!

m FF Scala By for O # if {} else {} AILUREMBRE E£RLIEG,
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XS 5: 1T#REs
1 |case class Counter() extends Component {
2 val io = new Bundle {
3 val output = out(Bool())
| %
5 val cnt = Reg(UInt(4 bits)).init(0)
6 val inv = ~cnt
7 cnt :=cnt + 1
s | io.output := inv(3)
o |}

int
v
it
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LD 6: ZRERSR

1 |case class Mux21(width: Int) extends Component {

2 val io = new Bundle {

3 val a = in(Bits(width bits))

4 val b = in(Bits(width bits))

5 val sel = in(Bool())

6 val v = out(Bits(width bits))

7 }

8 when(io.sel) { io.v := io.a } otherwise { io.v := io.b }
o |}

28/54
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10

11

G 7: ERGER

FERERIBF
000000000

case class BitAndOr(width: Int) extends Component {
val io = new Bundle {

val a = in(Bits(width bits))
val b = in(Bits(width bits))
val ¢ = out(Bits(width bits))

}

for (i <- 0 until width) {
if (i % 2 == 0) io.c(i) := io.a(i) & io.b(i)
else io.c(i) := io.a(i) | io.b(di)

Yuxuan Li CS110 Discussion
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BaEsA: Bool

Spinal HDL f#/ Bool RIA—IMEHES, HFEER True #l False

1 val b0 = Bool()
2 val bl = Bool()
3 b0 := True

4 bl :

False

Hrh, val & Scala FATFRIEEENXHEF, FIE Spinal HDL BYE S IZER
BE val MAREE var FKeIE, = 2 Scala WIREIZER, := & Spinal HDL &
HNBTREEESEENEER, b0 := True fl bl := False HAREX b0 A b1
EE, MerRAREGESHRERRE, KEHEZEXR., BV XAE!
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BaEsA: Bool

Spinal HDL 1, BEAILIECZEMHE S ERLHEEE LUITRHEEEN)
| val b2 = b0 && bl

1 val b3 = Bool()
2 b3 := b0 && bl

BARREFRR, XMARKANET Bool() WREBMA := 510 & bl &%

31/54
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BaEsA: Bool

Spinal HDL FEZ#IBER T, AJLARIEIZIR Scala RUERIEE

SEREIPI T

000000000

1 val b4 = true

m Boolean 5& Scala FYER{FEAIEREY, FEEMA true M false FR:o
m Bool & Spinal HDL NEEHESEE, FEEMR True M False Ro

BEBXOXRE: siEBENBEGNEFTNTE, FEREHFESHR.

Yuxuan Li CS110 Discussion
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BERAL: Bits

Spinal HDL ff Bits RRZUMNBEMHES, HURKENFEERTERSE

Bits(8 bits)
B(42, 8 bits)
B("01011010")

1 val bitsO
2 val bitsl
3 val bits2

Bits KBRIFLIHIZEIZE, BREMEARAER
1 bitsO := bitsl & bits2

33/54
Yuxuan Li CS110 Discussion



Spinal HDL {4 Spinal HDL 7z Spinal HDL i SEREBI
000000000000 00 0000000 0000000000 e00000000000 000000000

A Bits

Spinal HDL A Bits V&S |F /&2 5R[E] Bool M Bits

1 val xa = bits0(0)

2 val xb = bits0(0 to 3)

3 val xc = bits0(0 until 4)
a val xd = bits0(3 downto 0)

Hr, 0 to 310 until 4 WESRETFTAENEAXEEEFXE], 3 downto 0 N
RLLRTTE Verilog SRR 3:0 BWE%, ©F 0 to 3 N RHELE AR,

Scala MFZESAME, A O MAR [ #HITHAHERS.
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FHERA: Ulnt SInt

Spinal HDL A UInt ] sInt @B LA SMERSRIZH Bits

FEfERIBIF
000000000

UInt(8 bits)
SInt(8 bits)

1 val uint

2 val sint

» BIEXNRA Bits O, RAFEER BO
n BIEXNRA UInt O, RAFEER VO
s SIEXNRA sInt O, RRFEER SO

£ Verilog B@, UInt 5 SInt # Bits RAEARBHXF,

Yuxuan Li CS110 Discussion
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FHERA: Ulnt SInt

Spinal HDL AR AEfEA Ulnt T SInt AREMEAREZE WFIE, HmEE—XH)

1 val a = U(5, 4 bits)

2 val b = U(7, 4 bits)

3 val sum = UInt(4 bits)
4 sum := a + b

MENXANEZRIE: BB LR FTIE. BFE

00111100
11111100

U("11110000") |>> 2 // u
S("11110000") [>> 2 // s

1 val u

2 val s

36/54
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000000000000 00 0000000

BAERAI . SpinalEnum

Spinal HDL [{)2z%

Spinal HDL MiE%
000000000000 0e00000000

Spinal HDL A7 SpinalEnum AAFEXESKE (EMTF C BY enum)

FEfERIBIF
000000000

a |}

1 |object AluOp extends SpinalEnum {
2 val add, sub, xor, and, slt

= newElement ()

EERATAXROAGRENEHIES

1 | val aluOpEnum = AluOp()

3 aluOpEnum := AluOp.slt
4 aluOpBits := B("100")

2 val aluOpBits = Bits(3 bits)

Yuxuan Li CS110 Discussion
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FHEZEA . Bundle

Spinal HDL A Bundle HFENXESH (EMF C 89 struct)

1 |case class MyData(width: Int) extends Bundle {
2 val data = Bits(width bits)

3 val sel = Bool()

« |}

BERATHERORES, €A . HRREMES
1 val a = MyData(32)

2 a.data := B(255, 32 bits)
3 a.sel := True

38/54
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Z¥f7es: Reg

Spinal HDL F1, HF2EHEM Reg 11, A .init() REEIE

1 val pcReg = Reg(Bits(32 bits)).init(0)
2 val pcPlus4 = Bits(32 bits)

3 pcPlus4 := (pcReg.asUInt + 4).asBits
a pcReg := pcPlus4

X—m# Verilog IEEARR! B, FEEFHSINBH clock MEL rst, HE—
BREEEFFSR, XEESSEHMEN. X, FERINEHL=FEA =, JXE
HHMEESTESESNRNGER T —MES, FESHKRETE clock LHAEHZE
HiFeslIM R, =G, FFSNEMER .init() 1RE, HIE rst &BFNE(L
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1#f&es: Mem

Spinal HDL A, 7Zfi#E23 B T ]800 Men 1212, MAEEA Reg #14H

FEfERIBIF
000000000

1 val dataMem = Mem(Bits(32 bits), 0x1000).init(Seq.fil11(0x1000) (0))
2 val addr = Bits(32 bits)

3 val dataRd = Bits(32 bits)

a val dataWr = Bits(32 bits)

5 dataRd := dataMem(addr(2 until 14).asUInt)

6 dataMem(addr(2 until 14).asUInt) := dataWr

XEFEEE, 177 Men BY, it —FE(IBIERE TR vine KE,

Yuxuan Li CS110 Discussion
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WHETESA]: when ... elsewhen ... otherwise

Spinal HDL A, AR MAHIEAIFILUER when. . .elsewhen. . .otherwise

1 | when(rsl === B(0, 5 bits)) {
2 rsiData := 0

3 } otherwise {

a rsiData := regs(rsl.asUInt)
s |}

6

7 | when(rd =/= B(0, 5 bits)) {

8 regs(rd.asUInt) := rd

s |}

41/54
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WHRTEA]: switch ... is ... default

Spinal HDL A, FEHAIRMHIEAIFTLUER switch. . .is...default

1 switch(aluOp) {

2 is(AluOp.add) { result := (srca.asUInt + srcb.asUInt).asBits }
3 is(AluOp.and) { result := (srca & srcb) }

4 is(AluOp.xor) { result := (srca ~ srcb) }

5 is(AluOp.slt) { result := (srca.asSInt < srcb.asSInt).asBits }
6 default { result := 0 }

7 }

42/54
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TN Module

Spinal HDL A, #EREE—147E&HE Component BY case class, BWRMIZEOES
NAMEA inO M out ) BF, H—MKE—THA io BY Bundle FLUEKE,

1 |case class Alu() extends Component {

2 val io = new Bundle {

3 val srca = in(Bits(32 bits))

a val srcb = in(Bits(32 bits))

5 val aluResult = out(Bits(32 bits))
6 val aluOp = in(AluOp())

7 }

8 //

s [}

43/54
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TN Module

10

Spinal HDL A1, BESEZEREO LR Bundle, BES NN, HBRES

FERERIBF
000000000

At

case class Memory() extends Component {
val io = new Bundle {
val aluResult = in(Bits(32 bits))
val rs2Data = in(Bits(32 bits))
val memWrite = in(Bool())
val memResult = out(Bits(32 bits))
val dmem = master(PortDmem())

Yuxuan Li CS110 Discussion
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000000000000 00

Spinal HDL [{)2z%
0000000

TE N Moudle

10

SRR

Spinal HDL MiE%
000000000000000000000e

FEfERIBIF
000000000

—/NHEH IMasterSlave FY Bundle, BT EF asMaster () RHEELE
79 master BUMINBILEEN , BEETMAILUER naster O # slave ) HI1TEIFT

case class PortDmem() extends Bundle with IMasterSlave {

}

val
val
val
val
def

addr = Bits(32 bits)
dataRd = Bits(32 bits)
dataWr = Bits(32 bits)
enableWr = Bool()
asMaster(): Unit = {

in(dataRd)
out (addr, dataWr, enableWr)

}

Yuxuan Li

CS110 Discussion
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SEREIE|F: Spinal HDL 5N

AN SR EES Scala XHHHERRIHE, X#F package IEEME R, X
N 5ERNBERBMMFRE—H, XBF import FX5IAN Spinal HDL BIHEX .

1 |package SpinalSulfur

3 |import spinal.core._
4 |import spinal.core.sim._

s |import spinal.lib._

47/54
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SEREAIBI . Spinal HDL HYFC &

UTRBATEEABNBHER WFE1IE)

SEREHIBI
008000000

object Config {

def spinal = SpinalConfig(
targetDirectory = "build/hw",
defaultConfigForClockDomains =

ClockDomainConfig(resetActivelLevel = HIGH),

onlyStdLogicVectorAtTopLevello = false

)

def sim = SimConfig.withConfig(spinal)
.workspacePath("build/sim") .withFstWave

Yuxuan Li CS110 Discussion
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SEREHIPI T B

case class Divider() extends Component {
val io = new Bundle {

10

11

12

Spinal HDL [{)2z% Spinal HDL (i
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SEREHIBIF
000800000

val sdiv

val sclk
}
val scnt =
val sclk =
val flip =
when(f1ip)
when(f1ip)
io.sclk :=

in(UInt(32 bits))
out (Bool())

Reg(UInt(32 bits)).init(0)
Reg(Bool()).init(False)

(scnt === ((io.sdiv [>> 1) - 1))

{ scnt := 0 } otherwise { scnt := scnt + 1 }
{ sclk := ~sclk }

sclk

Yuxuan Li CS110 Discussion

49/54



Spinal HDL &ft4 Spinal HDL fy22%: Spinal HDL K& SERER )T
0000000000000 0 0000000 000000000000 0000000000 000000000

SERHIBI T AR

183d Config.spinal.generateVerilog R Verilog X3,

1 |object DividerVerilog extends App {
2 Config.spinal.generateVerilog(Divider())
s |}

1 |object DividerVhdl extends App {
2 Config.spinal.generateVhdl(Divider())
s |}

£ Scala B, EMMUF CIEE main() RMPEFAOATUBEREZN, 8PMANONS
B— A EB App MY object, TEIETTHIE A sbt S REFERAW—AL,
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1B Config.
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sim.compile BITRE, RRBE—MERLE dut, BT #= #
1TSS 8h, ®F dut.clockDomain.waitRisingEdge () BKE F—BH EFHA,

object DividerSim extends App {
Config.sim.compile(Divider()).doSim { dut =>

dut.

dut

for

dut.

for

clockDomain.forkStimulus(period = 10, resetCycles = 9)

io.

(i
io

(i

.clockDomain.waitRisingEdge ()
dut.

sdiv #= 20
<- 0 until 100) { dut.clockDomain.waitRisingEdge() }

.sdiv #= 6

<- 0 until 100) { dut.clockDomain.waitRisingEdge() }
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TR EBEER

fEF sbt iBITIEF (FE build.sbt, EIRA)

1 |sbt "runMain DividerVerilog"
2 |sbt "runMain DividerVhdl"
3 | sbt "runMain DividerSim"

fEF gtkwave BEE R

1 |gtkwave build/sim/Divider/test/wave.fst
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https://github.com/liyuxuan3003/SpinalSulfurTemplate
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