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PIN DESCRIPTION
NC DI ‘ 4 :l:D NC GND - Ground
SCE v ED: 3 6 :[D NG DQ - Data In/Out
Z A0 Vop - Power Supply Voltage
O > pal]][] 4 5 | []]eND NC - No Connect
DS18B20Z

8-Pin SOIC (150 mul)
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INSTRUCTION

DESCRIPTION

PROTOCOL

1-WIRE BUS
AFTER ISSUING
PROTOCOL

TEMPERATURE CONVERSION COMMANDS

NOTES

Convert T

Initiates temperature
conversion.
MEMOR

44h

[ COMMANDS

<read temperature busy
status=

Read Scratchpad

Reads bytes from
scratchpad and reads
CRC byte.

BEh

<read data up to 9 bytes>

Write Scratchpad

Writes bytes into
scratchpad at addresses 2
through 4 (TH and TL
temperature triggers and
config).

4Eh

<write data into 3 bytes
at addr. 2 through. 4>

Copy Scratchpad

Copies scratchpad into
nonvolatile memory
(addresses 2 through 4
only).

48h

<read copy status>

-2

Recall E*

Recalls values stored in

nonvolatile memory into
scratchpad (temperature
triggers).

B8h

<read temperature busy
status>

Read Power Supply

Signals the mode of
DS18B20 power supply
to the master.

B4h

<read supply status=>
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MASTER MODE |DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 44h Master issues Convert T command.

TX Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx BEh Master issues Read Scratchpad command.

Rx 2 data Byte Master reads temperature data of scratchpad.
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Figure 13. Initialization Timing

MASTER Tx RESET PULSE MASTER Ry
480us minimum ——»|* 480pus minimum >
DS18B20 Ty |
DS18B20 +«—— presence pulse
waits 15-60us —» |4_ 60-240us _.I
Veu
1-WIRE BUS | / i /
GND ——— ———

LINE TYPE LEGEND
= Bus master pulling low

e DS18B20 pulling low
Resistor pullup




INIT:begin

if(cnt init >=

N oS (TSR

) cnt init <= ;

else cnt init <= cnt init + ;

case(cnt init)

endcase
end

begin
begin
begin
begin
begin
begin
begin

one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= INIT; end
one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= INIT; end
if (one wire) state <= IDLE; else state <= INIT; end

num delay <= ;state <= DELAY;state back <= INIT; end

state <= MAIN; end default: state <= IDLE;
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Figure 14. Read/Write Time Slot Timing Diagram
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PRES ﬁ%wf
: begin
begin
begin
begin
begin
begin
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: begin
begin
begin
begin
begin
begin
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one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= WRITE; end
one wire buffer <= data wr buffer[0]; end

num delay <= ;state <= DELAY;state back <= WRITE; end
one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= WRITE; end
one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= READ; end
one wire buffer <= ; end

num delay <= ;state <= DELAY;state back <= READ; end
temperature buffer[0] <= one wire; end

num delay <= ;state <= DELAY;state back <= READ; end
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CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contams the conﬁguratlon register, whnch is organized as 1llubtrated in

Figure 8. The user can set t

register as shown in Table 2| The power-up default of these bits is RO = | and R1 = 1 (12-bit resolution).

Note that there is a direct tradeoft between resolution and conversion time. Bit 7 and bits 0 to 4 in the

configuration register are reserved for internal use by the device and cannot be overwritten.

Figure 8. Configuration Register

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
0 R1 RO 1 1 1 1 1
Table 2. Thermometer Resolution Configuration
R1 RO RESOLUTION MAX CONVERSION
(BITS) TIME

2 B 2 2 (tconv/8) L SR 12-bi tARHT
0 | 10 187.5ms (tconv/4) BERERIEA 750ms
| 0 11 375ms (t(-()Nv/z) /
| | 12 750ms (tconv)
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Table 1. Temperature/Data Relationship

DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (°C) (BINARY) (HEX)
12 0000 0111 1101 0000 07DOh
+85* 0000 0101 0101 0000 0550h
+25.0625 0000 0001 1001 0001 0191h
+10.125 0000 0000 1010 0010 00A2h
+0.5 0000 0000 0000 1000 0008h
0 0000 0000 0000 0000 0000h
-0.5 [T 1111 1111 1000 FFF8h
-10.125 I111 11110101 1110 FFSEh
-25.0625 1111 11100110 1111 FE6Fh
-55 1111 1100 1001 0000 FC90h
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Figure 2. Temperature Register Format
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>|%_: 5&%’] éﬁi_—g ?%EY. BCDEQ Operation Hundreds Tens Units Binary
MR, RAEBIN= g —r
ﬁ;\i ([/X8’hffy\j1§lj) : Shift 1 1 1 : 11 111
Shift 2 11 (1111 11
0 EBEHBN TR s Tk
N2 Add 3 1010 |1111 |1
@2 L#¥zZJE, BCOHEZ 3 Shift 4 1 o101 |1111
BETEM. +HL. ML Add 3 1 1000 |1111
Q) WMRMBALEFFFERBCD Shift 5 11 o001 [111
BHKFHEFS, N Shift & 110 (0011 |11
IZAEHN3 Add 3 1001 (0011 |11
@) HEEBHNEEREES Shift 7 1{0010 (D111 |1
E‘K%%'fﬁ:’iﬁﬁ Add 3 l|{oo010 1010 1
Shift 8 10(0101 D101
BCD 2 5 5
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module bin to bcd # ( parameter B SIZE =

01

input rst n, // system reset, active low
input [B SIZE-1:0] bin code, // binary code
output reg [B SIZE+3:0] bcd code // bcd code

)

reg [2*B SIZE+3:0] shift reg;
always@(bin code or rst n)begin

shift reg= {25'h0,bin code};
if('rst n) bcd code <= 0;

else begin
repeat (B SIZE)//repeat B SIZE times begin

if
if
if
if
if
if

end

(shift reg[24:
:25]
:29]

(shift regl[28
(shift regl[32

(shift reg[36:
(shift reg[40:
(shift reg[44:
shift reg =

011

23]
371
411

>=

>=

9)

= 5)

9)
9)

= 5)

9)

shift reg << 1;

bcd code<=shift reg[45:21];

end
end

shift reg[Z24
shift reg[Z8
shift reg[3”

shift reg[36:
shift reg[40:
shift reg[44:

:21]
:25]
:29]

33]
371
4117

HEEHII

fi£ A FH 2 MR EEE]

shift reg[Z24:
shift reg[28:
shift reg[32:
shift reg[36:
shift reg[40:
shift regf[44:

211
25]
29]
23]
371
411

+ 4+ + + + +

2'bll;
2'bll;
2'bll;
2'bll;
2'bll;
2'bll;
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// translate temperature code to real temperature
wire [20:0] bin code = data out[10:0] * ;

wire [24:0] bcd code; //Translate binary code to bcd code
bin to bcd u2

(

.rst n (rst n ), // system reset, active low

.bin code (bin code ), // binary code

.bcd code (bcd code ) // bcd code

) ;

dot array driver u3

(

.clk (clk ),

.rst n (rst n ),

.data (bcd code[23:121), //{RE—H/\EL
.row (row ),

.col (col )

) ;
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reg [15:0] dot = { , Yo J/INEURFEE
reg [63:0] space = {8{ Yy; //ESARFEE

reg [/:0] cnt2;

always @ (posedge clk 800hz or negedge rst n)
if('rst n) cnt2 <= ;
else if (cnt2 >= ) cnt2 <= ;
else if(clk 5hz) cnt2 <= cnt2 + ;
else cnt2 <= cnt2;

reg [ :0] mem r;
always @ (posedge clk 800hz or negedge rst n)
if(!'rst n) mem r <= ;

else if(cnt2 == )
mem r <= {space,mem[data[ll:8]],mem[data[/:4]],dot,mem[datal
else if(clk 5hz) mem r <= {mem r][ :0] ymem r[ 1}

else mem r <= mem r;

11}
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