IV R E R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEE]

// * %
[l ** LTC1609.v - LTC1609 16-BI T SERI AL ADC (LTC1609/ LTC1609A CRADES)
// * %

IR R E R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEREEEE]
// * %

[l ** CCPYRI CHT (c) 2003 YCUNG ENCI NEERI NC

/] ** ALL RI CHTS RESERVED

// * %

/] ** THI' S PRCCRAN |'S CCNFI DENTI AL AND A TRADE SECRET CF YCUNC ENCINEERI NGC. THE RECElI PT CR
[l ** PCSSESSICN CF THI S PRCCRAV DCES NCT CCNVEY ANY RICHTS TC REPRCDUCE CR DI SCLCSE ITS
/] ** CCNTENTS, CR TC NANUFACTURE, USE, CR SELL ANYTHI NG THAT I T NAY DESCRIBE, IN WHCLE CR IN
[l ** PART, W THCUT THE SPECI FI C WRI TTEN CCNSENT CF YCUNC ENCI NEERI NC

IR R E R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEREEEE]

/] ** Revi si on 1.0
/] ** Modi fied Date : 05/01/2003
Il ** Revi si on History:

Il ** 05/01/2003: Initial design - External Data Clock Read During Conversion is NCT Supported
// * %

// khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhkhkhhhhhhkhhkhkhhkhhhkhkhhkhkhkhkhkhkkhkhhkhkkkkkkkkkkkkkk*kk***x*%

/] ** TABLE CF CCNTENTS

// khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkkhkkhkhkkhhkkkkkkkkkkkkkkk*x**x*%
R
/= DECLARATI CNS
R
B
/] ** I NI TI ALI ZATI CN

B
R
/= CCRE LCCI C

0
B
/] ** TI M NG CHECKS

B
// * %

// khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkkhkkhkhkkhhkkkkkkkkkkkkkkk*x**x*%

“timescal e 1ns/10ps

nmodul e LTC1609 (DATA, SYNC, DATACLK, BUSY_N, VIN, R.C, TAG, CS_N, SB BTC, EXT_INT, RESET)

input [15:00] VIN; /1 anal og voltage in

i nput R _C; /'l read or convert

i nput TAG; /'l external serial data input

i nput CS N, /'l chip select

i nput SB _BTC; /'l binary/two's conpl enent sel ect
i nput EXT_I NT; /1 external/internal clock select
i nput RESET; /'l systen reset

i nout DATACLK; /'l serial data clock input/output
out put DATA; /1 serial data out

out put SYNC; /'l external clock sync pul se

out put BUSY_N; /'l conversion status

// khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhkhhkhkhhkhhhkkhkhhkkhhkkhkkhkhkkhkhkhkkhkkhkkkkkkkkkkkk*kkk**x*%

[l ** DECLARATI CNS

// khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhhhhhkhhhkhhhhhkhkhkhkhhkhkkhkhkkhkhkkhkkhkkhkkkkkkkkkkkkkk***x*%

reg [15:00] VI N_Hol d; /] sanpled input data - current
reg [15:00] VI N_Last; /'l sanpled input data - previous
reg [15:00] Dat ashifter; /1 data output shift register
reg Shi f t Enabl e; /1 data shift enable

reg TAC_Hol d; /'l sanpl ed TAC input

reg DATA; /1 serial output data

* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %

* %
* %
* %



/1
/1
/1

/1
/1
/1

reg SYNC

reg BUSY_N;
reg DATACLK_DC
wre DATACLK_CE
wre ConvTri gger
reg SyncEnabl e
i nteger t2

i nteger t3;

i nteger t8;

i nteger t9;

i nteger t10

i nteger t11

i nteger t17

i nteger t18

external c
conver si on

data cl ock
data cl ock

conversi on

sync pul se

ock sync out put
status

out put
out put enabl e

trigger

generate enabl e

t
t
t
t
t
t
ti
ti

i
N
i
N
i
N
i
N

ng
ng
ng
ng
ng
ng
ng
ng

par amnet er
par anet er
par amnet er
par anet er
par amnet er
par anet er
par amnet er
par anet er

R R R R R R R R R R R R R R R R

*x I'NI TI ALI ZATI CN

* %

R R R R R R R R R R R R R R R R

initial beg
VI N_Hol d

| 16' h0000
VI N_Last

16' h0000

Inins

Dat ashi fter
Shi ft Enabl e
end

= 16' h0000
= 1'b0
initial begin

SyncEnabl e = 1' b0
end

initial begin

DATA = 1'b0

SYNC = 1'b0

BUSY_N = 1'b1l
end

initial begin
DATACLK_DC = 1' b0
end

al ways €(EXT_I NT) begin
SyncEnable = 1'b0
Shift Enable = 1' b0
end

initial begin

t2 =80
t3 = 3000
t8 = 260
t9 = 150
t10 = 15
t11l = 40
t17 = 50
t18 = 50
end

/1
/1
/1
/1
/1
/1
/1
/1

R
BUSY_N | ow
RClowto

C/CS_N to BUSY_N del ay

tinmne
DATACLK del ay

i nternal DATACLK peri od

DATA valid
DATA valid

setup tine
hold tinme

external DATACLK to SYNC del ay
ext ernal DATACLK to DATA del ay

khkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhkhhhhhkhkkhkhkhkhhkkhkhkhkhkkhhkkhkhkhkhkhkkhkkhkhkkkkkkkkkkkkk*k***x*%

*x CCRE LCcl C

* %

khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhkhhhhkhkhkhhkhkkhkkhkkhkhhkhkhkkhkhkhkhkhkkhkkhkkhkkkkkkkkkkkkkkkk*x*x*%

assign ConvTrigger = /R C & !CS_N

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
VI N_Last = VI N_Hol d[ 15: 00] ;
VIN_Hol d = VIN[15:00];
end
end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
#(12) BUSY N = 1' bO;



#(13) BUSY_N = 1'b1l;
end
end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
TAC_Hol d = TAG
end
end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
if (EXT_INT == 0) begin
#(18-110) DATA = VIN_Last[15];

#(19) DATA = VI N_Last[14];
#(t9) DATA = VI N_Last[13];
#(19) DATA = VIN Last[12];
#(t9) DATA = VI N_Last[11];
#(19) DATA = VIN_Last[10];
#(t9) DATA = VIN_Last[09];
#(19) DATA = VIN_Last[08];
#(t9) DATA = VI N_Last[07];
#(19) DATA = VIN_Last[06];
#(t9) DATA = VI N_Last[05];
#(19) DATA = VIN_Last[04];
#(t9) DATA = VI N_Last[03];
#(19) DATA = VIN_Last[02];
#(t9) DATA = VIN_Last[01];
#(19) DATA = VIN_Last[00];
#(t9) DATA = TAC_Hol d;
end
end
end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
SyncEnabl e = 1' bO;
#(t 2+t 3);
SyncEnabl e = 1' b1l;
end
end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin
Shift Enabl e = 1' bO;
end
end

al ways €(negedge BUSY_N) begin
Dat ashifter = VIN_Last[15:00];
end

al ways @(posedge BUSY_N) begin
Dat ashi fter = VI N_Hol d[ 15: 00] ;
end

(posedge DATACLK) begin

RC==1) & (CS_N==0) & (EXT_INT == 1)) begin
(SyncEnabl ) begin

SYNC <= #(t17) 1'bi;

al ways €
if ((
if

SyncEnabl e <= 1'bO0;
Shi ft Enabl e <= 1' b1,

end

el se begin
SYNC <= #(t17) 1'bO;

end

end
end

al ways @€(posedge DATACLK) begin
if ((CS_N == 0) & (EXT_INT == 1)) begin
if (ShiftEnable) begin
Dat ashi fter[15: 01] <= DataShifter[14:00];
Dat ashi fter[ 00] <= TAG

DATA <= #(t18) DataShifter[15];
end
end



end

al ways €(posedge ConvTrigger) begin
if (BUSY_N == 1) begin

#(18) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t19/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t19/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
#(t9/2) DATACLK_DC = 1' b1;
#(t9/2) DATACLK_DC = 1' bO;
end

end
assi gn DATACLK_CE = (EXT_INT == 0);
bufifl (DATACLK, DATACLK DC, DATACLK CE);

IR R EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEREEEE]

/] ** TI M NG CHECKS *x

IR R EE R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEREEEE]

wi re Tini ngCheckEnabl el (RESET == 0) & (R_C == 0);

= (

wi re Ti m ngCheckEnabl e2 = (RESET == 0) & (CS_N == 0);

wi re TiningCheckEnabl e3 = (RESET == 0) & (CS_N == 1);

speci fy

specpar am

tl = 40, /1 R_C/ICS_N pulse width - |ow
t12 = 50, /| DATACLK peri od
t13 = 20, /'l DATACLK pul se wi dth - high
t14 = 20, /| DATACLK pul se width - |ow
t15 = 15, /1 R_C/ICS_N to DATACLK setup tinme
t16 = 10, /1 RCto CS_N setup tinmne
t19 = 10, /1 CS_N to DATACLK setup tine
t24 = 10; /1 TAG to DATACLK hold tine

$wi dth (negedge R C, t1);
$wi dth (negedge CS_N, t1);
$wi dt h (posedge DATACLK, t13);
$wi dt h (negedge DATACLK, t14);

$setup (R_C, negedge CS_N &&& (RESET==0), t16);

$setup (R_C, posedge DATACLK &&& (Ti mi ngCheckEnabl el==1), t15);
$setup (CS_N, posedge DATACLK &&& (Ti mi ngCheckEnabl e2==1), t15);
$setup (CS_N, posedge DATACLK &&& (Ti mi ngCheckEnabl e3==1), t19);
$hold (posedge DATACLK &&& (RESET==0), TAC, t24);

$period (posedge DATACLK &&& (RESET==0), t12);
endspeci fy

endrrodul e





