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Ipp2 18 22 mA Vo2 =5.5V
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Vpp1 [1] [16] GND,
Vine [2] [15] NIC

vin- 2]l Ap7405 [[22] Vor2

GNDy [4] ropview [[z3] MCLKIN+
NIC E (Not to Scale) E MCLKIN—

NIC [§] 11| MDAT+
Vpps [7] [10] MDAT-
GND; [&] o] GND,

NOTES
1. NIC = NOT INTERNALLY CONNECTED. CONNECT
TO Vppy, GNDy, OR LEAVE FLOATING.

4. 5 hE &
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2 Vins E AR A
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4,8 GND; Bedb1, Be 5 R BR S v — DT A R P B AL v
56,15 NIC WA ER:, 5V, GND &, SRRz,
9,16 GND; B2, 5 IR R v — D T R P b
10,11 mgﬁl— LVDSER it . BB Ll s 175 X 2es | ikt
+
12,13 MCLKIN=, | LVDSIgP A, Fetfe g RAEMCLKING) ETHERS I,
MCLKIN+
14 Vop2 BRI : 3VESSV, %5 IR AR B mi A IE R E, I H X TFGND,,

>R JH 100 nFHL 20K ik HL IR 25 B 2 GND,,
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BRAESA B, T, =25°C, V,, =5V, V, =5V, V, =-250mV%+250mV, V=0V,

18 2561 R AEZE(OSR)Hysinc3 JE P 4%

0 T T
200mV p-p SINE WAVE ON Vpp;
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-20
—40
o
Z
% —60
& — MCLKIN = 20MHz
& — MCLKIN = 10MHz
-80
-100
klé—\ — - ~:o=vd
-120
0 200 400 600 800 1000
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[&]5. PSRRG HE IR 20 I AT I K 52
0 TTTTTT T T T T T 1T
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—40 | | | | |||| | |
— MCLKIN = 20MHz, SINC3 DECIMATION RATE = 256
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@ _§0 [— — MCLKIN = 20MHz, UNFILTERED
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o =
=
Z 80
//
—
-100 i —
-120
-140
0.1 1 10 100 1000
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6. FEREEHNFIH (CMRR) 5 A 140 o 4 R [ %
9
88 = =M
MANAA rew
86 o gt
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T 82
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2 80 16MHz MCLKIN, Vpp; = 5.0V 11
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© 18 — 20MHz MCLKIN, Vppy = 4.5V TTT]
76 — 20MHz MCLKIN, Vppy =5.0V | | ||
20MHz MCLKIN, Vppy = 5.5V
74
72
70
100 1k 10k

ANALOG

INPUT FREQUENCY (Hz)

7. SINAD 5 B S A TH AR F

MAGNITUDE (dB)
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DNL ERROR (LSB)
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e ]
o

~
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60
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TEMPERATURE (°C)
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2 —
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I -100
-110
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OFFSET (u)
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GAIN ERROR (mV)
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12536-013
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Ipp1 (MA)
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32 T T
— Ta=-40°C DC INPUT
Ta=0°C
31 |— — Ta=+25°C
Tp = +85°C
— Tp = +125°C
30
29
28
27
26
25
-250 -125 0 125 250
Vin: DC INPUT (mV)
FE17. RABET, 1,5V, HikAN%R
20
18
* /
14 /
/ I
12
/
10 jm——
8 —— MCLKIN = 20MHz, —40°C
6 ——— MCLKIN = 20MHz, +25°C
MCLKIN = 20MHz, +85°C
—— MCLKIN = 20MHz, +125°C
4 ——— MCLKIN = 10MHz, —40°C
——— MCLKIN = 10MHz, +25°C
2 MCLKIN = 10MHz, +85°C
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3.0 35 4.0 45 5.0 55
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17.4

/__\ DC INPUT

173 // \\
<
E
= 17.2 —— —
o
o
17.1 / \
— T =-40°C
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— T =+125°C
17.0 .
—250 —125 0 125 250 §
Vin: DC INPUT (mV) 8
E19. ARBET, 1,5V, HEmANXF
60 T
DC INPUT
40 ,/
20 /
g 1
4
E —— |
| // — MCLKIN = 5MHz
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—40 //
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320 -240 -160 80 0 80 160 240 320
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12536-020
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WA R R . MR E TA IR B R AR
(f/2, Hitls SBINIFEERE S,

R B, EAEBK/DNRRT B E . 214
TR, AR BN, XA TE 5% I A B A
NS, SNREISETE AR :

512 b= (6.02N + 1.76) dB
B, 12475538 g SNREF {14 %74 dB,

PERBRTMINE
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S
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.
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S 1 R sinc i % 2% 1 A% 328 AR,

—prR )\ N
H(z):[l (4 )j (1)

DR =27
Hp, DREMMBUER, NiEsinclgik 2B,
sincilf 5o A7 ek = 9T 2 e 61 25 I b il BOGE R P
MCLK
DR
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X Fsinc3 g R AR =, P HIEE S ERRE(FEXD)EE
=3 dBJE P A3 A LR, ZME A E R 0.2620%5, =
sinc3yE I A R B g5 LK 1,

FR11. Sinc3E R 284514 (20 MHz MCLKIN)

i L B
HHERER(DR) | Fi @3 (kHz) K/ (fif) i B 280 R (kHz)
32 625 15 163.7
64 31255 18 81.8
128 156.2 21 40.9
256 78.1 24 204
512 39.1 27 10.2

T Verilogf i F i #EXilinx® Spartan®-6 FPGA |- 5zHsinc3
WP IRP], 1R, BIRAAEER PRI, #IEE
B iy I . IR REAT ARG, DAE M 32
4096 )l B 13 %

module dec256sinc24b

input mclkl, /* used to clk Ffilter */
input reset, /* used to reset filter */
input mdatal, /* input data to be filtered
*/

output reg [15:0] DATA, /* filtered output
*/

output reg data_en,

input [15:0] dec_rate

/* Data is read on positive clk edge */

reg [36:0] ip_datal;
reg [36:0] accl;

reg [36:0] acc2;

reg [36:0] acc3;

reg [36:0] acc3_d2;
reg [36:0] diffl;
reg [36:0] diff2;
reg [36:0] diff3;
reg [36:0] diffl_d;
reg [36:0] diff2_d;

reg [15:0] word_count;

reg word_clk;
reg enable;

/*Perform the Sinc action*/
always @ (mdatal)
if(ndatal==0)
ip_datal <= 377dO;
/* change 0 to a -1 for twos
complement */
else
ip_datal <= 37"d1;

/*Accumulator (Integrator)
Perform the accumulation (1IR) at the speed
of the modulator.

Z = one sample delay MCLKOUT = modulators
conversion bit rate */
MCLKIN

ACC1+ ACC2+ l
z

Y ACC3+
IP_DATAL — )—| z '—T—( )—| '—T—( )—| z '—T—
+ + +

31, Bnss
always @ (negedge mclkl, posedge reset)
begin

12536-031

if (reset)
begin
/* initialize acc registers on reset
*/
accl <= 37"dO;
acc2 <= 37°dO;
acc3 <= 37"d0;
end
else
begin
/*perform accumulation process */
accl <= accl + ip_datal;
acc2 <= acc2 + accl;
acc3 <= acc3 + acc2;
end
end

/*decimation stage (MCLKOUT/WORD_CLK) */
always @ (posedge mclkl, posedge reset)
begin

if (reset)
word_count <= 16"dO;
else
begin
if ( word_count == dec_rate -
1)
word_count <= 16"dO;
else
word_count <= word_count
+ 16"bl;
end
end

always @ ( posedge mclkl, posedge reset )
begin
if ( reset )
word_clk <= 17"b0;
else
begin
if ( word_count == dec_rate/2 -
1)
word_clk <= 1%"b1;
else if ( word_count ==
dec_rate - 1)
word_clk <= 17"b0;
end
end

/*Differentiator (including decimation
stage)

Perform the differentiation stage (FIR) at a
lower speed.
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Z = one sample delay WORD_CLK = output word
rate */

DIFF1 DIFF2
ACC3 _ o +O R + DIFF3
Lmj L{ P };f L{ 1 L
[ [ )
WORD_CLK
132755} 2%

always @ (posedge word_clk, posedge reset)
begin
if(reset)
begin
acc3 _d2 <= 37"dO;
diffl d <= 377dO;
diff2_d <= 37°dO;
diffl <= 37"dO;
diff2 <= 37"dO;
diff3 <= 37"dO;

end

else

begin
diffl <= acc3 - acc3 _d2;
diff2 <= diffl - diffl_d;
diff3 <= diff2 - diff2_d;
acc3_d2 <= acc3;
diffl d <= diffi;
diff2_d <= diff2;

end

end

/* Clock the Sinc output into an output
register

WORD_CLK = output word rate */

WORD_CLK

12536-033

[E133. Sinc3 iy i £ A B tH 27 £7%

always @ ( posedge word_clk )
begin

case ( dec_rate )
16°d32:begin
DATA <= (diff3[15:0] ==
16"h8000) ? 16"hFFFF : {diff3[14:0], 1°b0};
end
16"d64:begin
DATA <= (diff3[18:2] ==
17°h10000) ? 16"hFFFF : diff3[17:2];
end
16°d128:begin
DATA <= (diff3[21:5] ==
17°h10000) ? 16"hFFFF : diff3[20:5];
end

12536-032

16"d256:begin
DATA <= (diff3[24:8] ==
17"h10000) ? 16"hFFFF : diff3[23:8];
end
16"d512:begin
DATA <= (diff3[27:11] ==
17"h10000) ? 16"hFFFF : diff3[26:11];
end
16"d1024:begin
DATA <= (diff3[30:14] ==
17"h10000) ? 16"hFFFF : diff3[29:14];
end
167d2048:begin
DATA <= (diff3[33:17] ==
17"h10000) ? 16"hFFFF : diff3[32:17];
end
16"d4096:begin
DATA <= (diff3[36:20] ==
17"h10000) ? 16"hFFFF : diff3[35:20];
end
default:begin
DATA <= (diff3[24:8] ==
17"h10000) ? 16"hFFFF : diff3[23:8];
end
endcase

end

/* Synchronize Data Output*/
always@ ( posedge mclkl, posedge reset )
begin
if ( reset)
begin
data_en <= 1"b0;
enable <= 1"b1;
end
else
begin
if ( (word_count == dec_rate/2
- 1) && enable )
begin
data _en <= 1%bl;
enable <= 1"b0;
end
else if ( (word_count ==
dec_rate - 1) && ~enable )
begin
data _en <= 1"h0;
enable <= 1"b1l;
end
else
data_en <= 1"b0;

end
end

endmodule
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