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About This Document

This document provides the details of in-built RAMs/FIFOs and Multipliers in S3B
and their usage in the user design

S3B Device Hardmacro Resources:

1. RAMs:
e 8 blocks of 8K bits
2. FIFO:

e 8in-build FIFO controllers

e Can be configured into FIFOs using above RAM blocks
3. Multipliers

e 2 32X32 in-built multipliers

RAM Features:

= 8Kbits/RAM

= X9, x18 and x36 data bus width

= Independent programmability of read and write data bus widths

= Asynchronous clocks

= Supports 2 RAM block vertical or horizontal concatenation
(i.e. 16Kbits RAM combining 2 8Kbits RAM Blocks)

= Supports clock disabling during idle operation

FIFO Features:

= X9, x18 and x36 data bus width

= Configurable Synchronous/Asynchronous operation

= Supports 2 RAM block vertical or horizontal concatenation

= (i.e. 16Kbits RAM combining 2 8Kbits RAM Blocks)

= Independent programmability of data bus width on PUSH and POP side

= Switchable clock domain between PUSH and POP side during asynchronous operation
= Supports clock disabling during idle operation

= Asynchronous Reset (aside from the synchronous FLUSH) going to the pointers

Multiplier Features:

= 2 32-bit Multiplier

= Can be configured as 4 16-bit multipliers
= Signed multiplier

= Supports Latched input



RAM Usage:

The RAM macro (RAM_16K_BLK.v) is present at:
<Install_Path>/antmicro_install/share/yosys/quicklogic/

The examples of RAM usage are present at:
<Install_Path> /symbiflow-arch-defs/quicklogic /pp3/tests/RAM_Examples

1. RAM macro is a 16K bits block which can be configured as:

= 2 independent 8Kbits RAM blocks

= A horizontal or vertical concatenated block (16Kbits)
2. Concatenation_En = 0, then RAM can be configured into 2 8Kbits block
3. Concatenation_En = 1, then RAM can be configured into 1 16Kbits block

Examplel (2 8Kbits RAM):

e 2 independent RAMs of 512x16 (8Kbits each)
e Concatenation En=0

module r512x16 512x16_r1024x8_1024x8 (WAO,RA(0,WD0,WwD0_SEL,RD0_SEL,WClk0,RC1k0,WClk0_En,RC1lk0_En,WENO,RDO,
WAl,RAl,WD1,WDl_ SEL,RD1_SEL,WClkl, RClkl,WClkl En,RClkl En,WENL, RD1
):

input [£:0] WAD;

input [£:0]1 RAOD;

input WDO_SEL,RD0_SEL;
input WC1lkO,RC1lkO;

input WC1kO_En ,RC1k0_En;

input [1:0] WENO;
input [ :0] WDO;
output [15:0]1 RDO;
input [2:0]1 WAL;
input [“:0] RAL;

input WDl SEL,RD1 SEL;
input WClkl,RClkl;
input WClkl En,RClkl_En;

input WEN1;
input [7:0]1 WDL1;
output [7:0] RD1;

parameter Concatenation En =

parameter wr_addr_int0
parameter rd addr_int0
parameter wr_depth_int0
parameter rd depth int0
parameter wr_width_int0
parameter rd width_int0
parameter wr_enable_int0
parameter reg_rd int0 =

parameter wr_ addr intl
parameter rd_addr_intl
parameter wr_depth_intl
parameter rd depth_intl
parameter wr_width_intl
parameter rd width_intl
parameter wr enable intl =
parameter reg_rd intl =



REM 16R_BLK #(Concatenation En,
wr_addr_int0O,rd addr_int0,wr depth int0,rd depth int0O,wr width int0,rd width_int0O,wr_enable int0,reg rd int0,
wr_addr intl,rd addr intl,wr depth intl,rd depth_intl,wr width intl,rd width intl,wr_enable intl, reg rd intl
)
RAM INST ( .WAO(Wa0),
.RAD (RA0) ,
.WDO (WDO) ,
.WDO_SEL(WDO_SEL),
.RD0_SEL(RDO_SEL) ,
.WCL1kO0 (WC1k0) ,
.RC1kO0 (RC1k0O),
.WC1k0 En(WC1k0 En),
.RCLk0 En(RC1kO En),
.WENO (WENO) ,
.RDO (RDO) ,

WAL (WR1),
.RA1(R21),

.WD1 (WD1) ,
.WD1_SEL(WD1_SEL),
.RD1_SEL(RD1 SEL),
WC1k (WC1k1),
.RC1kL(RC1kL),
W1kl En(WC1k1_En),
.RC1k1 En(RC1k1 En),
.WEN1 (WEN1) ,

.RD1 (RD1),

LS R0),
L8D(1'k0),
.DS(1':0),
.L8_RB1(1'H0
.SD_RB1(1
.DS_RB1 (150
)

endmodule



Example 2 (Horizontal Concatenation):

e 512x32 RAM (16 Kbits)
e Concatenation En=1

module r512x32 512x32 (WA,RA,WD,WD SEL,RD SEL,WClk,RClk,WClk En,RClk En,WEN,RD);

input [0:0] WA,

input [0:0] RA,;

input WD_SEL,RD SEL;
input WClk,RClk;
input WClk_En,RClk En;
input [3:0] WEN;
input [31:0] WD;
output [31:0] RD;

parameter Concatenation En = = ;

parameter wr addr intl = © ;
parameter rd addr int0 = 9;
parameter wr depth int0 = S
parameter rd depth int0 =
parameter wr width int0 = 32;
parameter rd width int0 = 32;
parameter wr enable int( = 4;
parameter regq rd intd = 0;

RAM 16K BLK #(Concatenation En,
wr_addr int0,rd addr int0,wr depth int0,rd depth int0,wr width int0 rd width int0,wr enable int0,reg rd int0
)
REM INST ( .WAO(WR),
.RA0(RA)
.WDO (WD),
.WDO0_SEL (WD SEL),
.RD0_SEL(RD SEL),
JCLED (WC1K)
.RC1kO (RC1K),
WC1k0 En(WClk En),
.RC1k0_En(RCL En),
.WENO (WEN) ,
.RDO(RD),

LS (1'00),
.SD(1'b0),

DS (1'00),

LS RBI(1'b0),
.8D RBI{1'b0),
.DS_RBL{1'b0)
)

endmodule



Example 3 (Vertical Concatenation):

e 2048 x 8 RAM (16 Kbits)
e Concatenation_En=1

module r2048x8 2048x8 (WA,RA,WD,WD SEL,RD SEL,WClk,RClk,WClk En,RClk En,WEN,RD);

input [10:0] WA;

input [10:0] BA;

input WD SEL,RD SEL;
input WClk,RC1lk;

input WClk En,RClk En;
input WEN;

input [7:0] WD;
output [7:0] RD;

parameter Concatenation En = @ ;

parameter wr_addr_int0 = 11 ;
parameter rd addr int0 = 11;
parameter wr_depth_int0 = 204%;
parameter rd depth int0 = 204%;
parameter wr width int0 = 3;
parameter rd width int0 = 3;
parameter wr enable int0 = I;
parameter reg rd int0 = 0;

REM 16K PLK #(Concatenaticn En,
wr_addr_int0,rd addr int0,wr depth int0,rd depth int0,wr width int0,rd width int0,wr enable int0,reg rd int0
)
EAM INST { .WAO(WR),
.RAD(RZ),
.WDO (WD) ,
.WD0_SEL (WD_SFL),
.RD0_SEL(RD SEL),
JWC1kD (WC1k) ,
.RC1k0(RC1k),
.WC1kO En(WClk En),
.RCLk0_En(RC1k En),
.WENO (WEN) ,
.RDO(RD) ,

LS (10,
LSD{1'h0),
.DS{1'00),

.L§ RB1(1'b0),
.SD RBL(1'b0),
.DS_RBL(1'B0)
);

endmodule



FIFO Usage:

The FIFO macro (FIFO_16K_BLK.v) is present at:
<Install_Path>/antmicro_install/share/yosys/quicklogic/

The examples of FIFO usage are present at:
<Install_Path> /symbiflow-arch-defs/quicklogic/ pp3/tests/FIFO_Examples

1. FIFO macro is a 16K bits block which can be configured as:

= 2 independent 8Kbits FIFO blocks

= A horizontal or vertical concatenated block (16Kbits)
2. Concatenation_En = 0, then FIFO can be configured into 2 8Kbits block
3. Concatenation_En = 1, then FIFO can be configured into 1 16Kbits block

Example 1 (2 8Kbits FIFOs):

e 2 independent FIFOs of 512x16
«  One asynchronous FIFO of af512x16 (sync_fifo_int0 = 0)
»  One synchronous FIFO of f512x16 (sync_fifo_intl = 1)

e Concatenation En=0



module af512x16 512x16 £512x16 512x1€ (
DINO, FifD_Push_FlushO , FifD_PDp_FlushD ,FUSHQ, 2OP0, Push C1k0,Pop C1k0,Push C1k0 En,Pop C1k0 En, E‘ifoD_Dir , Bsync_Flush(,Almost FullQ,Almost Empty0,PUSH FLAGO,POP FLAGO,DOUTO,
DIN1,Fifo_Push Flushl,Fifo Pop Flushl,PUSEI,POP1,C1k1,Clkl En,Fifol Dir,Async Flushl,Almost Fulll,Almost Emptyl,PUSH FLAGI,POE FIAGI,DOUT1
)i

input Fifo Push Flushi,Fifo Pop Flush0;

input Push Cl1k0,Pop CLkD;

input PUSHO,BORO;

input [15:0] DINO;

input Push C1k0 En,Pop Clk0 En,Fifol Dir,Async Flush0;
output [15:0] DCUTO;

output [2:0] PUSH_FLAGD,POP FLAG(;

output Almost_FullD Almost Empty(;

input Fifo Push Flushl,Fifo Pop Flushl;
input ClkI;

input PUSEL,EPOP1;

input [15:0] DINI;

input Clkl En,Fifol Dir,Async Flushl;
output [15:0] DCUTL;

output [2:0] PUSH_FLAGL, POP FLAGL;
output Almost_Fulll,Almost Emptyl;

barameter Cancatanatian_En =0;

parameter wr_depth int( = 512;
parameter rd depth int( = 5
parameter wr_width int0 =
parameter rd width int( =

parameter reg_rd int0 = 0;
parameter sync_fifo int) = 0;

parameter wr_depth intl = 517
parameter rd depth intl =
parameter wr_width intl =

parameter rd width intl =
parameter reg rd intl = 0;
parameter sync fifo intl = 1;



FIFQ_16F_BLE  #(Concatenation En,
wr_depth int0,rd depth int0,wr width int0,rd width int0,reg rd int0,sync fifo int0,
wr_depth intl,rd depth intl,wr width intl,rd width intl,reg rd intl,sync fifo intl
)
.DIND (DINO),
.PUSHO (PUSHO) ,
.BOR0 (PORD) ,
.Fifo Push Flush(Fifo Push Flushl),
.Fifo Pop Flush0(Fifo Pop Flush0),
.Push C1k0(Push C1k0),
.Pop_Clk0(Pop_Clk0),
\PUSH_FLAGO (PUSH_FIAGD),
\EOP_FLAGO (POP_FIAGD),
.Push Clk0 En(Push Clk0 En),
.Pop_Clk0_En(Pop Clk0 _En),
.Fifol Dir(Fifol Dir),
.Async_Flush( (Async Flush0),
Almost_Fulll(Almost_FullD),
.Almost Empty0(Almost Emptyl),
.DOUT0 (DOUTD) ,

FIFQ_IN3T

.DINI(DIN1),

.PUSHI (PU3HL) ,

.POPL (POPL),

.Fifo Push Flushl(Fifo Push Flushl),
.Fifo Pop Flushl(Fifo Pop Flushl),
.Push_C1k1(C1k1),

.Pop_Clkl(Clkl),

.FUSH_FIAGL (FUSH_FLAGL),
.BOP_FLAGL (POP_FLAGL),

.Push Clkl En(Clkl En),

.Pop_Clkl En(Clkl En),

.Fifol Dir(Fifol Dir),
.Async_Flushl (Async Flushl),
Almost_Fulll (Almost_Fulll),
Almost Emptyl (Almost Emptyl),
.DOUTL (DOUTL) ,

LS(1h0),
8D(1'B0),
DS(1'h0),

.18 RB1(1'h0),
.30 RBL(1'L0),
.D3 RBL(1'50)
)i

endmodule



Example 2 (Horizontal Concatenation):

e One asynchronous FIFO af512x32 (16 Kbits)
» asynchronous FIFO of 512x32 (sync_fifo_int0 = 0)
e Concatenation En=1

module af512x32 512232 (
DIN,Fifo Push Flush,Fifo Pop Flush,PUSH,POP,Push Clk,Pop Clk,Push Clk En Pop Clk En,Fifo Dir Async Flush,Almost Full Almost Empty,FUSH FLAG,PCP_FLAG,DOUT
)i

input Fifo Push Flush,Fifo Pop Flush;

input Push Clk,Pop Clk;

input PUSH,PCE;

input [31:0] DIN;

input Push Clk En,Pop Clk En,Fifo Dir,Async Flush;
output [31:0] DOUT;

output [3:0] PUSH_FLAG,POP_FLAG:

outpot Almost Full Almost Empty;

barameter Concatenation En = [;

parameter wr_depth int0 = ;
parameter rd depth int0 = ;
parameter wr_width int0 = 32;
parameter rd width int0 = 22;
parameter reg rd intd = 0;

parameter sync fifo int0 = 0;

FIFO 16K BLE  #(Concatenation En,
wr_depth int0,rd depth intO,wr_width intO,rd width int0,reg rd int0,sync fifo intl
)
FIFQ INST (.DING(DIN),
. PUSHO (PUSH) ,
BOPO(BOE) ,
.Fifo Push Flush0(Fifo Push Flush),
.Fifo Pop FlushO(Fifo Pop Flush),
.Push_C1k0(Push Clk),
.Pop_CLk0(Pop_Clk),
JPUSH_FLAGO (PUSE_FLAG),
.BOP_FLAGO (POP_FLAG),
.Push Clk0 En(Push Clk En),
.Pop_Clk0 En(Pop Clk En),
JFifoQ Dir(Fifo Dir),
.Async FlushO{Async Flush),
JAlmost FullQ(Almost Full),
JAlmast Empty0(Almost Empry),
.DOUTO (DOUT) ,

L{100),
L3D(100),
D5(100),
L3 RBL(L'ED),
.5D RBL(1'E0),

.05 RBL{1'LD)
)i

endmodule

Example 3 (Vertical Concatenation):



e One asynchronous FIFO af2048x8(16 Kbits)
« asynchronous FIFO of 2048x8 (sync_fifo_int0 = 0)
e Concatenation_En=1

module af2048x8 20488 (
DIN,Fifo Push Flush,Fifo Pop Flush,PUSH,POF,Push Clk,Pop Clk,Push Clk En,Pop Clk En,Fifo Dir,Async Flush,Almogt Full,Almost Empty,PUSH FLAG,POP FLAG,DOUT
)i

input Fifo Push Flush Fifo Pop Flush;

input Push Clk,Pop Clk;

input PUSH,POE;

input [7:0] DIN;

input Push Clk En,Pop Clk En,Fifo Dir,Async Flush;
output [7:0] DOUT,

output [3:0] PUSH FLAG,POP FLAG;

output Almost Full Almost Empty;

parameter Concatenation En =

parameter wr_depth int0 = :
parameter rd depth int0 = :
parameter wr_width int0 = &;
parameter rd width intl = 2]
parameter reg rd int0 = 0;
parameter sync fifo intd = 0;

FIFQ 16X BLE  #(Concatenation En,
wr_depth int0,rd depth int0,wr _width int0,rd width int0,reg rd int0,sync fifo int0
)
FIFO INST (.DINO(DIN),
JPUSHD (PUSH) ,
JPOFO(EQE) ,
.Fifo Push FlushO(Fifo Push Flush),
.Fifo Pop FlushO(Fifo Pop Flush),
-Push Clk0 (Push Clk),
.Pop ClkO(Pop Clk),
.FUSH_FLAGO (FUSH_FLAG),
.POP_FLAGO (POP_FLAG),
.Push C1k0 En(Push Clk En),
.Pop Cl1k0 En(Pop Clk En),
.Fifa0 Dir(Fifo Dir),
.Async Flush((Async Flush),
JAlmoat Fulll(Almogt Full),
JAlmost Enpty0 (Almost_Enpty) ,
.DOUTO (DOTT) ,

IS(1'00),
LED(LUED),
D5 (1R,
JL3 BBL(L'b0),
.30 BBL(L'00),
.03 BBL(L'20)
)i

endmodule

Example 4 (Vertical Concatenation):



e One synchronous FIFO f2048x8_1024x16 (16 Kbits)
« asynchronous FIFO (sync_fifo_int0 = 0)
* Push side data width = 8
« Pop side data width = 16

e Concatenation En=1

module £2048x8 1024x16(
DIN,Fifo Push Flush,Fifo Pop Flush,PUSH,POP,Clk,Clk En,Fifo Dir,Async Flush,Almost Full ,Almost Empty,PUSH FLAG,POP FLAG,DOUT
)i

input Fifo Push Flush,Fifo Pop Flush;
input Clk;

input PUSH,POP;

input [7:0] DIN;

input Clk En,Fifo Dir,Async Flush;
output [15:0] DOUT:

output [3:0] PUSH FLAG,POP_FLAG;
output Almost Full,Almost Empty;

parameter Concatenation En = 1;

parameter wr_depth int0 = H
parameter rd depth int0 H
parameter wr_widch int0 ;
parameter rd width int0 = :
parameter reg rd int0 = O;
parameter sync fifo int0 = 1;

FIFC 16K BLE  #(Concatenation En,
wr_depth_intO,rd depth intO,wr_width_intQ,rd width int0,reg rd int0,sync_fifo intd

)

FIFQ INST (.DINO (DIN),
. PUSHO (PUSH) ,
.BCEO (FQF) ,
.Fifo Push FlushO(Fifo Push Flush),
.Fifo Pop FlushO(Fifo Pop Flush),
.Push C1k0(Clk),
.Pop_Clk0(Clk),
.PUSH _FLAGO (PUSH_FLAG),
.POP_FLAGO (POP_FLAG),
.Push C1k0 En(Clk En},
.Bop Clk0 En(Clk En),
.Fifo0 Dir(Fifo Dir),
.Async_FlushO(Async Flush),
.Blmost_FullO(Almost Full),
.Blmost Empty0(Almost Empty),
.DOUTO (DOUT) ,
L3 ),
3D ),
D3 )
.L5 RB1{ ).
.5D RBL( ).
.D5_RB1( )
)i

endmodule

Multiplier Usage:



The Multiplier macros are present at:
<Install_Path>/antmicro_install/share/yosys/quicklogic/

1. 32 x 32 Multiplier:
e Configured as 1 32x32 multiplier

module MULT 32BIT (Amult, Bmult, Valid mult, Cmult);

input [31:0] Amumlt;
input [31:0] Bmult;
input Valid mult;

putput [22:0] Cmult:

wire [L:0] valit int;
assign valit int = {Valid mult, Valid mult};
//qlal4s3 mult cell macro

glal4s3 mult cell macro u glal4s3d mult cell macro

t

Amult (Amult),
.Bmult (Bmult),
Valid mult (valit int),
.sel mul 32x32 (1'bl),
LCmult {Cmult)

endmodnle

2. 16 x 16 Multiplier:



e Configured as 1 16x16 multiplier

module MULT 16BIT ¥2 ( Amultl, Bmultl, Valid muwltl, Cmultcl,
AmultZ, BmultZ, Valid mult2, Coult2

y:

input [15:0] Amultl;
inpunt [15:0] Bmoultl:
input Valid multl;
ontput [Z1:0] Cmualtl:;
inpunt [15:0] Amult2;
input [15:0] Boult?z;
input Valid mult2;
ontput [21:0] Cmualtcz;
wire [31:0] amult int;
wire [1:0] bmult int;
wire [£2:0] cmult_int;
wire [L:0] walit_int;

assign valit_int = {Valid mult2,Valid multl};
assign amult int = {AmultZ Amumltl}:

assign bmult _int = {Bmultl,Bmultl};

assign Cmultl = cmult _int[21:0];

assign CmultZ = cmult _int[62:32];

ffqlal&sS_Ealt_cell_macro
glal4s3 mult cell macro u glald4s3 mult cell macro

(

endmodnle

JAmult

.Bmult

.Walid mult
.52l mul 3Zx32
ol

(amult int),
(bmult_int),
(valit_int),
(LrBo),

(cmult _int)



Design example Using SRAMs:

The Design example using S3 SRAM block are present at:
<Install_Path> /symbiflow-arch-defs/quicklogic/ pp3/tests/quicklogic_testsuite/ram_test

Address Map:

Revision Number 0x100 Read only (Rev. 1.00)

GPIO Output

GPIO_OUT [7:0], Output from FPGA IP
to External PAD

RAM 1 Access port RAM Input and Output Port (Write and
(512x16_512x16) Read from the Wishbone Interface)
RAM 3 Access port RAM Input and Output Port (Write and
(512x32_512x32) Read from the Wishbone Interface)




Design example Using FIFOs:

The Design example using S3 FIFO block are present at:
<Install_Path> /symbiflow-arch-defs/quicklogic/ pp3/tests/quicklogic_testsuite/fifo_test

Address Map:

Revision Number 0x100 Read only (Rev. 1.00)

GPIO_OUT [7:0], Output from FPGA IP
GIPIE) LT to External PAD

FIFO 1 Access port Asynchronous FIFO
(af512x16_512x16) FIFO Push & Pop port

FIFO 2 Access port Synchronous FIFO
(af512x16_512x16) FIFO Push & Pop port

FIFO 3 Access port Asynchronous FIFO
(af512x32_512x32) FIFO Push & Pop port



0ox0

Not Used

Push Flag Description:

0000 Full

0001 Empty

0010 Room for more than one-half
0011 Room for more than one-forth
0100 Room for less than one-forth full to 64
1010 Room for 32 to 63

1011 Room for 16 to 31

1100 Room for 8 to 15

1101 Room for 4 to 7

1110 Room for at least 2
1111 Room for at least 1
Others Reserved

Pop Flag Description:



0000 Empty

0001 1 entry in FIFO
0010 At least 2 entries in FIFO
0011 At least 4 entries in FIFO
0100 At least 8 entries in FIFO
0101 At least 16 entries in FIFO
0110 At least 32 entries in FIFO
1000 Less than one-forth to 64 full
1101 One-forth or more full
1110 One-half or more full
1111 Full
Others Reserved




