1 KRBFFINEBRTE#ED ADC(TLC0832)I3 ¥ it
5XE

B

REHEBBPT A/D #3135, R E A ADC (Analog to Digital Conver), i@
FRABABENMETHTARFETORF O BTSRRIz
H5irEZ I RAEENEMEH A R F ML TR R TS,

$§%MTUE%2%%%”ACM1%K&LADC%lﬁﬁﬁ&ﬁ?@
faAE, FREHATIM (LSM) R#ENFE, #mEHIEHL £E &, KED
b, HAEME A AD/DA #3k E#) DAC #3eayiih A4 ADC Hrayi N
L+, @it 4% DAC M AR WAR(E, KRB IE DAC it 5 ADC RAEF|HY
a6y Ky, kiFfE ADC 3R3) 69 EA M,

1.1 ADC it iR & s B ittt

£ AC101 FPGA FFRW®R b, (A T —H 8 £ 2 WIEMN DAC & H
TLV5618 SREZEUAEAL BB 7 R84, W R IR
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| control S H A QOUT Al
FPGA SCLK | Logic pLere
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TLC0832 24T EE RS

& 1 TLC0832 &k
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NBIREAME ST HO . PR as Ha th 48 s A4 e A\ 2 15 K T30/ T FR B R 4



2 CS AL, A WlAF (A3 il bR . U, dan i rELBR E N s BHPTIRES

CLK & Start
— Flip-Flop
TS —» -
Shift Register = CLK
I___—J}— ) ODD/EVEN —
s
| (TLCOB32 | Lo c<| ’ R
Loy | 'S o CLK | Start |
-+
To Internal
& Circuits t
‘ SGLIDF “CLK
e Cu:TD s
CHO/IN+ Analog Comparator Time R
MUX

CH1IN= Delay
EN - N \
3 cs

cs cs o
| | @

EN en R cik R _R

r~—=a Ladder |/ SAR | M, o |eoc] [CLK > DO
REF and | Bits0-7 Logic [ Bits0-7 9-Bit | ——e
| (TLCO831 | pecoder | and |V | shit —D
only) i

L———1

Latch Bit1 | R
MSB | y LSB
First First
One | _ -
Shot | T

2 TLC0832 NERHEE]

1.2 TLC0832 TAE it

TLCO0832 T AF H % 1193 43 Ha % B 4 R B s :

VDD3.3

- ) CS7| 0'1uF|||'GND
P2 ADC CS N -

1 [ = 8

' 7 | €8 VOOREF == \pe scik -

— 3 4 CHO CLK
3 | = 6 ADC SDO -

— 1 2 CHI DO
1] oD DI —__ADC SDI -
—  Header 2X2 | o
GND — TLCO0832 -
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& 3 MCP4802 H & [E]

1.3 TLCO0832 O

T IE(CS)E 5 NCH I, B eSS SCLK 5 5 1) EFHEHERFE . 7£58
—A SCLK bJH#s, A 25— A2 4 m H P &g ihfir. TLCO0832 HIRE IR fir
JETHA —A 2 AR T FER B N BRI S AU, A AL AR
I RS AR A IAT AL, ARG O R B 2 % 5 28 AR A R AR AL E N,
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s DOUT i LA R A7 7 X, 78 SCLK. BB ER ~, )\ MSB (&
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ok BBE . WS CS hirr. & 4 fow.
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| |
g, I

i . I
_.1| T teany " l
[ l |
ﬁ-l I ' |
L1 - l
Start +Sign Bit ! : : :
Bit SGL oDD | | " ! 5 l
meda [ T_] 272 e 7777
only) DIF EVEN | | o l J
- | MssFista —*r._ LSB-First Data _JI
Settling Time —HI [ g 3 HI-Z
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& 4 #FEOBFF
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TLC0832 MUX-ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS CHANNEL NUMBER
SGL/DIF ODD/EVEN CHO CH1

L L + -

L H - i

H L +

H H +

H = high level, L = low level,
—or + = lerminal polarity for the selected input channel

& 5 E&%

1.5 ZT&AFIINLE DAC B3hikit

Clk

L

Rst n

——Channel [1:0]—
En Conv——®»
—DIV_PARAM[7:0] -1
ADC_DOUT—

>

Datal7:0]—»
Conv_Done—p»

——ADC_State—»
———ADC_SCLK—»
——ADC_CS_N—
ADC_DIN—-

TLCO832

6 HERIEOREE

b, BN D DIRERR IR 2 .

£ 2 MCP4802_DAC #&Hkin O ThREHEIAR

Uit 1 44 0% /O Uity 1 T e ffiids
Clk I NEHI RS TAER B, %Ny SOMHz,
Rst n [ s E AL, (KHETEAL

Channel[1:0]

ADC 18 5 7% 7 %)

En_Conv I {HRE PR, ki B — IR
b4y i B, Sehr 5 g =
DIV PARAM . IFeh 2 B B, SefRr SCLK B 4% = felk /
- (DIV_PARAM *2)
ADC_DOUT I ADC #4558, 1 ADC #i%s FPGA




Data (0] ADC ¥#ffpsh B

c R SERUE T, SRR S R AR — I B BT

onv Done O
- =il

ADC State o ADC TAEIRFES, ADC AT HHm MK, S
- 1P

ADC_SCLK 0 ADC HATH 8 L I 5 5

ADC CS N 0 ADC HATHRH: OERE G =

ADC_DIN 0 ADC #4555, H FPGA KiXiMiE#H] 54 ADC

TERAMEREFE %, 2547 Channel [IME, B b 7ERE 30 B2 iz R £ A8
e

always@ (posedge Clk or negedge Rst n)
if ('Rst_n)
r Channel <=
else if (En Conv)
r Channel <= Channel;

else

r Channel <= r Channel;

R RENS T, A EREE S AR R RS S en B 1, HHEHEK
155 %0
R LR E 0.

always@ (posedge Clk or negedge Rst n)
if ('Rst_n)

en <= ;
else if (En_ Conv)

en <= ;
else if (Conv_Done)

en <= ;

else
en <= en; DIV CNT <=DIV CNT+ ;
end else

DIV CNT <= 4'd0;

N T IHMEERA R BRRTRE, WE T — DR TG . RYE TR




EREAYER P24 SCLK B BME S, X B A LUK HHEEs E ZE  EU8OR, TR
Kkt XHEPE—ANFET SCLK E%, 4N SCLK2X.

e E T AR 2 SCLK2X M4 Hiit$ss.

always@ (posedge Clk or negedge Rst n)
if ('Rst_n)
DIV _CNT <= ;
else if(en)begin
if (DIV_CNT == (DIV_PARAM - ))
DIV _CNT <= ;
else
DIV _CNT <= DIV CNT + ;

end else

DIV _CNT <= ;

IRAEAEBESS 5 AR T B RS E R SCLK2X I il

always@ (posedge Clk or negedge Rst n)
if ('Rst_n)
SCLK2X <= ;
else if(en && (DIV CNT == (DIV_PARAM - )))
SCLK2X <= ;
else
SCLK2X <= ;
always@ (posedge Clk or negedge Rst n)
if ('Rst_n)

SCLK2X <= ;

YRS, X SCLK2X BB T 1H4k.

always@ (posedge Clk or negedge Rst n)

if ('Rst_n)
SCLK_GEN _CNT <= ;
else if (SCLK2X && en)begin
if (SCLK_GEN CNT == )
SCLK_GEN CNT <= ;
else
SCLK GEN CNT <= SCLK GEN CNT +
end else

SCLK _GEN CNT <= SCLK GEN CNT;

MRHE SCLK2X T A AR A LIRS DL B At A . A 7 51pL



KL ADC R ATl 1% 1 BSOS AR, RS ETHIS, RIS AL A A7 3%
KA A HE i R B RO A R . — O R BRI 8 K

always@ (posedge Clk or negedge Rst n)

if (!'Rst_n)begin
ADC SCLK <= ;
ADC CS N <= ;
ADC DIN <= ;
end else if(en) begin
if (SCLK2X)begin
case (SCLK_GEN_CNT)

:begin ADC CS N <= ; end
:begin ADC SCLK <= ; ADC_DIN <= ; end
:begin ADC SCLK <= ; end
:begin ADC SCLK <= ; ADC_DIN <=
r Channel[l];end //addr[1]
:begin ADC SCLK <= ; end
:begin ADC SCLK <= ; ADC_DIN <=
r Channel[0];end //addr([0]
:begin ADC SCLK <= ; end
:begin ADC SCLK <= ; ADC DIN <= ; end
:begin ADC SCLK <= ; end

[/ BA FFHE, A7 aDC B AT HCE 2R LI A A
begin ADC SCLK <= ; r data <= {r _data[6:0],
ADC DOUT}; end //{EHAALZ74F DoUT LI 8 NEdE

4 14 14 14 4 4 4

begin ADC SCLK <= ; end
:begin ADC CS N <= ; end
default:begin ADC _CS N <= ; end / /R Rt
endcase
end
else ;

end else begin
ADC CS N <= ;

end

—REERE R bR, Bl en && SCLK2X && (SCLK._GEN CNT == 6'd33)
NE, FFreE— Ak s bR £15 5 Conv_Done. — IXFE#45 H J5 1
W 745 r data FOECHE S 240 v Data L.



ADC TARIRE, AEFMHEH CS_N £ TAER AR, Kt E R I (E

FERN TARIRGS TR

always@ (posedge Clk or negedge Rst n)

if ('Rst_n)begin
Data <= ;
Conv_Done <= ;
end else if(en && SCLK2X && (SCLK _GEN CNT == ) )begin
Data <= r data;
Conv_Done <= ;
end else begin
Data <= Data;
Conv_Done <=

end

/ /774 ape TARIRSHR R E S
assign ADC State = ADC CS N;

e LR BT 5, 45 T REATHUR B LA F

1.6 BuUah 3 KO B

N7 IAAEER T RE, B ADC SO R S . X B 2 IR mif A kAs 7o

A —ANIESEP S, 19 8 Ar, BEH] 16 A7, NECA 2048, FFLL sine 8bit.txt {#
F4ET TR FH simulation H3% FH) modelsim 33,

X OMifER V24 - X
O slters (O Xilimnx About
Width: & w bit Depth: 2048
Radiz: hex w Maxi: 255
TR - ine wave v 0K

7Mif FEREE
U541 FPGA SRR U i A AN T A
https://www.corecourse.cn/forum.php?mod=viewthread&tid=28374
(AL g E ORI IR)
XFE TR B A s, RIER] ADC RSN EI AN DOUT L, X



https://www.corecourse.cn/forum.php?mod=viewthread&tid=28374

BAE R G455 Sreadmemb, o] EURISR S F S OO B 4% b o oA X
A LU =F:

$readmemb("<HHE A4 >", <AF N85 44>);
$readmemb("<H(H A 4> <AEI 34> <2 df b,
$readmemb("<H(H A 4> <AFI 34> <R df bl >, <45 >
e AT

| ‘define sin data file "./sine 8bit.txt"

SE L 2048 4> 8 ML TT, SRR R BRI R A A%

reg[7:0] memoryl[ 207 5/ /DR T E50H0 A fitg 2 1)
initial S$readmemh( sin data file,memory) ;//BHUSRIHEIEEIE L H] memory
l:f:l

2 I K O e A R R K M =k, #EAT R AR .
gene_ DOUT(memory[address]); WK IR A7t 4 HARAE O BB L, 1% ADC
O Fr e sl R th 7 sUIE 2 DOUT 554k k.

initial begin

Rst n = 0y

Channel ;
En Conv = 0;
ADC_DOUT = 0;
address = 0;
# ;
Rst n = 17
# ;
Channel = 3;
for (i=0;1i<3;i=i+1)begin
for (address=0;address< ;address=address+1)begin
En Conv = 1;
#20;
En Conv = 0;
gene DOUT (memory[address]) ; //MKUCKHAEf & A-0ifi 12
t, %08 Apc AL R U7 004 %) pouT {554k b
@ (posedge Conv Done); //ZFfifoc lifs 5
# ;
end

end




Sstop;

end

Refr it e B T ADC 8 iAo, &%) DOUT {554 L,
Pz R BCR A o

task gene DOUT;

input [11:0]vdata;
reg [4:0]cnt;
begin
cnt = 07
wait ('ADC_CS N);
while (cnt<12”)begin
@ (negedge ADC_SCLK) ADC DOUT = vdatal[ll-cnt];
cnt = ¢cnt + 1'bl;
end
end
endtask

ADC WM EE R 1A 8 7, X Ef=AERHIN ADC KAESE R, K Vdata
(RIE5E 8 U T 12 67, X2 TLC0832 ADC — kA& %i 2 12 4 SCLK, iX
BNEE— SCLK BtITaar= A Bl Ar, AR RTH 0T 4 172 5 FE E L
Bl . RN vdata S 8 7, BEFHEEMEXBARILHE 4 A SCLK 2 J5HIT
GE—Ar I AR 1. N T RIS, AL E R 12 fir.

KR, ZHCRIIERITIR 4 AL EURLE task B B, M ANRZ—1 8 fir
M, FrClERING 4 fLede 0, BIA S R RGN, TG0 =25,
" E H T EhiEH DAC_DATA i NIRESIER , 10T EE R IR EI 5 HE. P
No

JTLCO832_th/Clk

[TLC0832_th/Rst_n

JTLC0832_th/Channel

[TLCO832_th/Data 0 Y7F o Ypil  Ygd  Yg5 [ Y4 [
JTLCO832_th/En_Conv

/TLCO832_th/Conv_Done

[TLC0832_th/ADC_State
JTLCO832_th/DIV_PARAM 00001101
[TLC0832_th/ADC_SCLK

fTLCO832_tb/ADC_CS_N

JTLCO832_th/ADC_DOUT

[TLC0832_th/ADC_DIN

B 8 BFHERN

BORE — MR teqmidfe, W rEFoR, AEHRIRE SRS .. XEEER
&5 ADC HIRHIMEREE S IREREE T UL SCLK I BHE S5, fdbl
REAES, ATLVEH, &AM DI En_Conv Fe#fs 5, MRBLNH



ffRefE S en BME R, —HBFKEMTHAFESS Conv_Done AHE 0. 4
SLK2X 1183 E°N 25d H24 SCLK2X Ay, {84t — AN B & 1 5 e fikek
F5, WEBERRFERIIFEG R, [FK SCLK2X W44 ADC TAER % SCLK
MwifE. PLESESRaREE &t

4 [TLC0832_th/Clk

4 [TLC0832_tb/Rst_n

4 [TLCOB32_th/Channel
4 [TLCO832_th/Data

4. [TLCD832_tb/En_Conv
4 [TLC0832_th/Conv_Done
4 [TLCO832_th/ADC_SCLK

4 [TLCD832_tb/ADC_CS_N

4 [TLC0832_tb/ADC_DOUT
4 [TLC0832_tb/ADC_DIN
+ [TLC0832_th/address
4 [TLC0832_tb/TLC0832_ADC/SCLKZX
4 [TLCD832_th/TLCOB32_ADC/SCLK_GEN... O O e ey O e e O oo e ooy
4. [TLCD832_tb/TLCO832_ADC/en

B 9 S—XEMBRERNERN

W IFAT R H s Data WE NEIIE, BAxA# A Data (55, fEHH
% 1 H & $ format—>Analog(Custom), 28 J5 £ H IS E0% B HE Format 12T
b, WEBME SHRKEN 255, &AMEN 0, HELR 8 Al e R s 1%L
PECHE o BIRHT & B AR S bR AE L B AT B, AR E 100, 40T EIFTR .

|ﬁ Wave Analog > |

Height Format

|l ] {Pixels) f* Analog Step

" Analog Interpolated
" Analog Backstep

Data Range

Max: 255

Mir: |E|

[ Clamp waveform within row

04 | Cancel

& 10 FBEFIRE

5 07 B AT BN R R 52 R R A IR, AT SRR .



11 REFBIRR

W DL TR WEEAT DLERAIE TLCO832 ADC H4ith F 3R ¥t (10 IE Ak . 52
AT EEAIE S, T RGEAT ISSP L E ,  HE M SZILMR 2L 580E .

1.7 ISSP fic B X AR WA

2ot DA B A B AT, AT AR W) TLC0832 HIERsh I e B4 5k
o 2D R AT DA A 1242 i g8 ke b i - & pR B 1 TLC0832 ALt o

o, SRR TRRME YR, WM KRLR:

(EReEZ 71 AC101
Clk Input PIN 23
Rst n Input PIN 24

DAC DIN | Output | PIN 98

DAC SCLK | Output | PIN 99

DAC LDAC | Output | PIN 87

DAC_SCLK | Output | PIN 99

DAC CS N | Output | PIN 100

ADC CS N | Output | PIN 86

ADC_DIN Output PIN 104

ADC DOUT | Input 23




ADC _SCLK Output 101

FEN R AT LU iz dw i B R as il F &l B R TLC0832 Y ADC v . 1k
RIS B, H DI Re AL B R e N 755, DAL, W 75 225 4
BRI EE T . XE AT DE B AT — 15 i i EE T MCP4802 (B H &
g, KmhiEE K BEEE S, HFRKIZE SN TLC0832 & F BB M Ak 1 o
FiHH FPGA JEII AT ITH TLCO832 & # 4% TLC0832 ith A RAEFL 1% H
JE55 . I RREL AT MCP4802 BY DAC (% ¥ e FLUE HEAT EL A, fn S
G B0 AT AR E AT BT TLCO832 41 2% RE % SE I NHZ S Fr (55 Hdss
AL EC I RE -

S MCP4802 iy Hi (I HLR AR, ) LAZKSER A A7 — 8 1 ISSP Thie ki
FIAAEE, M6 TLCO832 KAfidE, WrlLL#ER ISSP [ Source ThHERi%
B, [EEF, {#H ISSP ¥ Probe IThREREZHL TLCO0832 4| 25 Bl 15 3] i AR £ 4
s R,

BN RG0 B PR .

FPGAE: Fr
Channel[1:0] oI AD_CHO
| E— SCLK =
ISSP MCP4802 »| TLCOB32iE S a_i1
4 Data[7:0] CS N - -
__ bour
DIN o
Dac_data[15:0] SCLK ; OUTA
ISSP ——— MCP4802 s N | ol MCP4802:h B
LDAC : 0UTB

AC101 FPGAFFRHR

12 ISSP RIS HIRE
97kt TLCO832 JRALH AT S E, ] LA B {5 ] ISSP 7E£R 1A T
HH AT HOS S e 10 Bt B e

HeAE—/> ISSP_DAC IP #%, HIFALTE RN 16 AL, WiFEFR:



%} MegaWizard Plug-In Manager [page 23] et

Which megafunction would you like to customize?  which device family will you be using?  Cydone IVE -
Select a megafunction from the list below
Q % Which type of output file do you want to create?
el
() AHDL
hd 5‘5 Installed Plug-Ins o
VHDL

> [ Arithmetic =

» [ Communications O Veriog HOL

> |1 Dsp What name do you want for the output file?

» [ Gates D:flifaciot/

> 1o QOutput files will be generated using the dassic file structure

> [ Interfaces ["] Return to this page for another create operation

% | JTAG-accessible Extensions
i Mote: To compile a project successfully in the Quartus II software, your design

S In-System Sources and Probe | | fiee must be in the project directory, in a library specified in the Libraries page of

“<, Parallel Flash Loader the Options dialog box (Tools menu), or a library specified in the Libraries page
s gerial Flash Load of the Settings dialog box (Assignments menu).
%, Serial Flash Loader
%‘ SignalTap 11 Logic Analyzer ‘Your current user library directories are:
3, Virtual TTAG

» |1 Memory Compiler

. o

Cancel < Back Next = Finish
& 131ISSP &
% MegaWizard Plug-In Manager [page 3 of 5] ? *

r& In-System Sources and Probes

Currently selected device family:  ycpne v E

B Match project/default
source[15..0]=
Do you want to specify an Instance Index?

© Mo, assign it automatically

() Yes, use this number 0

The 'Instance ID' of this instance (optional): NONE 4 characters
Howe wide should the probe port be? i] *  bits
How wide should the source port be? 16 *  hits

Advanced Options...

| Cancel || < Back || Mext = || Finish |

& 14 ISSP DAC &¥IEE

SR B4 ISSP._ADC IP #, JRALTEN 2, HREMLTE N 8.



“ MegaWizard Plug-In Manager [page 1 of 3] ? X

%2} In-System Sources and Probes
[t

Currently selected device family:  cydone v E

ISSP_ADC

B Match project/default

bel7..0
probe(7..0] Do you want to specify an Instance Index?

© Mo, assign it automatically

() Yes, use this number 0

The 'Instance ID' of this instance (optional): NONE 4 characters
How wide should the probe port be? 8 = hbits
How wide should the source port be? 2 = hbits
Advanced Options. ..

| Cancel | | < Back | | Mext = | | Einish |

& 15ISSP_ADC S#ELE

TN TR G B 22 T2 0 ADC test.v, FE5F ISSP LA A i1 MCP4802 Fll
TLCO0832 KB EHEAT B, WA FF 2, S H MR AT bE TR A [ .

ZJEIEERITRIRETELS, ¥ ADC ) CH1 5 DAC & F | CHA HAE
FRESE . HNEEF.

16 R UIEESEE



o BRI B PR S A\ o 5 R O AL A R SO

fe G2k, 55 P T IIR A IR 3L GND.
SeA FiR TAERE S 5 5h ISSP, ¥ ADC 4T B 8hiE

BEAT U0 R 0k

EAE R 3% TR AT LA

@ In-System Sources and Probes Editor - D/I/ACTO/TLCO832_ADC/TLCO832 ADC - TLC0832 ADC - [Spfl.spf] = (] >

File  Edit Vi Processing Tools  Windo Hep & Search altera.com

_ JTAG Chain Configuration: JTAG read & X
Instance Manager: @} [ =l @ Ready to acquire & X - =
Probe read interval Eventlog Hardware:  USB-Blasterll [USB-1] - Setup...
Current interval: 0 samples mr& Maimum size: 8 - Device:  @1: EP3C(10]5)/EPACE(1016) (0 ~ | Scan Chain
B |
© Automatic ﬂ Save dam to event log Fie: &
Manual 5 - ﬂ % g;
O L r| source daia ontinbously *  |[Z|]
Index Instance ID Status Sources: 18
I
|E| 1 Mot running 2 8
#o |
Index Type Alias Name Data 8 7 i 7 i i 2 1 J

S[15.0] =Hige [ source[15..0] ]

1 |
Index Type Alias Name Data ,'8 ,7 b ',5 ‘,} ?’ ',2 ,1 :',
PI7.01 & probe(7..0] 0
S[1.0] =% - source[1..0] ]

0% 00:00:00

DAC HIBDL L A JEE M 5 (ACL01 TR R EFRIEZZET N DA)E
ADC f) Al % Ni. an AR, @18 DAC it LA 0, aJUEHEEN 0.

(o |
Index Type Alias Name Data Y S S S P ? i3
S[15.0] =Zia - source[15..0] 7000h

#:1 |
Index Type Alias Name Data S S R P t 3
P[7.0] e - probe[7..0] 0 o

S[1.0] =Zie - source[1..0] 11h 11b

VB B8 DAC RS A SEIE R AE Y TFFFh, Wil B s, w]

DLEH Al MEHIERN 164, HIiLdEEM N 2.048V,

164/255%3.3=2.12V, fEiRZRETEEN .

DN DI



o

Index Type Alias Mame Data ,'8 ? ',6 ,5 4,
S[15..0] =i - source[15..0] FFFFh
[®]4
Index Type Alias Name Data ,'3 ? ',6 :5 4,
p7.01 FH = probe(7..0] 164 164 G185
S[1.0] =Higa - source[1..0] 11b 11b

1 NN B 3

[EHE DAC [ S B il IE % H 5 (AC101 JF &M _EFRIE22 BN DB)i& B
ADC 1] A0 %t Nuigo @0 FEIFR, ATUVEH A0 MIEHPE N 164, HIEWHE(E
N 3216V, SEBREEN 255/255%3.3=3.3V, fFiEERUTEEN.

[EAL]

Index Type Alias Name Data B 7 ° 2 4
S[15.0] =Hie - source[15..0] DCgoh

I S
®1
Index Type Alias Name Data B 7 ° 7 4
P7.01 i - probe[7..0] 255 255
S[1.0] =Hi%e [ source[1..0] 10b 10b

I S

0% 00:00:00

1.8 & W Ia] At BH
1. BdE ISSP T ERK, THEXSHUAIEER ISSP &2 ADC HIEHEIRIE
& DAC WIEHRIR, HH T HE MR TER R .

2 B ) B 4 5 SR RT A Pl A TE HEAT R . PRI SRR
E T NE M, TR AR R

3. TLCO832 IS5 N 3.3V, iHERNIZME 3.3V it&,
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