LAMPIRAN A
FOTO RANGKAITAN MODULATOR
DIGITAL






LAMPIRAN B

FOTO SINYAL



Sinyal dengan input 300bps

BASK

Time/div 0.5ms

BFSK

Time/div 0.5ms

BPSK

Time/div 0.5ms



Sinyal dengan input 900bps

BASK

Time/div 0.5ms

BFSK

Time/div 0.5ms

BPSK

Time/div 0.5ms



Sinyal dengan input 1800bps

BASK

Time/div 0.5ms

BFSK

Time/div 0.5ms

BPSK

Time/div 0.5ms



Sinyal Dengan Input 2200bps

BASK

Time/Div 0.5ms

BFSK

Time/Div 0.5ms

BPSK

Time/Div 0.5ms



Sinyal Dengan input 2400bps

BASK

Time/div 0.5ms

BFSK

Time/div 0.5ms

BPSK

Time/div 0.5ms



Sinyal Dengan Input 2600bps

BASK

Time/Div 0.5ms

BFSK

oy —

Time/Div 0.5ms

BPSK

Time/Div 0.5ms



Sinyal Dengan Input 3000bps

BASK

Time/Div 0.5ms

BFSK

Time/Div 0.5ms

BPSK

Time/Div 0.5ms



Sinyal Dengan Input 4000bps

BASK

Time/div 0.5ms

BFSK

Time/div 0.25ms

BPSK

Time/div 0.25ms



LAMPIRAN C

DATA ROM SINUS



Data ROM Sinus

Data Data Data Data

No (Hex) No (Hex) No (Hex) No (Hex)
1 80 36 EO 71 FE 106 C4
2 83 37 E2 72 FE 107 C1
3 86 38 E4 73 FD 108 BF
4 89 39 E6 74 FC 109 BC
5 8C 40 E8 75 FC 110 B9
6 8F 41 EA 76 FB 111 B6
7 92 42 EC 77 FA 112 B3
8 95 43 ED 78 F9 113 BO
9 98 44 EF 79 F8 114 AE
10 9C 45 FO 80 F7 115 AB
11 9F 46 F2 81 F6 116 A8
12 A2 47 F3 82 F5 117 A5
13 A5 48 F5 83 F3 118 A2
14 A8 49 F6 84 F2 119 9F
15 AB 50 F7 85 FO 120 9C
16 AE 51 F8 86 EF 121 98
17 BO 52 F9 87 ED 122 95
18 B3 53 FA 88 EC 123 92
19 B6 54 FB 89 EA 124 8F
20 B9 55 FC 90 E8 125 8C
21 BC 56 FC 91 E6 126 89
22 BF 57 FD 92 E4 127 86
23 C1 58 FE 93 E2 128 83
24 C4 59 FE 94 EOQ 129 80
25 C7 60 FF 95 DE 130 80
26 C9 61 FF 96 DC 131 7C
27 CcC 62 FF 97 DA 132 79
28 CE 63 FF 98 D8 133 73
29 D1 64 FF 99 D5 134 70
30 D3 65 FF 100 D3 135 6D
31 D5 66 FF 101 D1 136 6A
32 D8 67 FF 102 CE 137 67
33 DA 68 FF 103 CC 138 63
34 DC 69 FF 104 C9 139 60
35 DE 70 FF 105 C7 140 5D




Data Data Data Data

No (Hex) No (Hex) No (Hex) No (Hex)
141 5A 176 0A 211 0C 246 5D
142 57 177 09 212 0D 247 60
143 54 178 08 213 OF 248 63
144 51 179 07 214 10 249 67
145 4F 180 06 215 12 250 6A
146 4C 181 05 216 13 251 6D
147 49 182 04 217 15 252 70
148 46 183 03 218 17 253 73
149 43 184 03 219 19 254 76
150 40 185 02 220 1B 255 79
151 3E 186 01 221 1D 256 7C
152 3B 187 00 222 1F

153 38 188 00 223 21

154 36 189 00 224 23

155 33 190 00 225 25

156 31 191 00 226 27

157 2E 192 00 227 2A

158 2C 193 00 228 2C

159 2A 194 00 229 2E

160 27 195 00 230 31

161 25 196 00 231 33

162 23 197 00 232 36

163 21 198 00 233 38

164 1F 199 01 234 3B

165 1F 200 01 235 3E

166 1D 201 02 236 40

167 19 202 03 237 43

168 17 203 03 238 46

169 15 204 04 239 49

170 13 205 05 240 4C

171 12 206 06 241 4F

172 10 207 07 242 51

173 OF 208 08 243 54

174 0D 209 09 244 57

175 0C 210 0A 245 5A




LAMPIRAN D

DATA HASIL PENGAMATAN /
PENGUKURAN



Tabel Keluaran 8 bit Alamat Bawah ROM Sinus input 1 modulasi BASK

Step | 8 bit Alamat Bawah Dec
1 0000 0100 4
2 0000 1000 8
3 0000 1100 12
4 0001 0000 16
5 0001 0100 20
6 0001 1000 24
7 0001 1100 28
8 0010 0000 32
9 0010 0100 36
10 0010 1000 40
11 0010 1100 44
12 0011 0000 48
13 0011 0100 52
14 0011 1000 56
15 0011 1100 60
16 0100 0000 64
17 0100 0100 68
18 0100 1000 72
19 0100 1100 76
20 0101 0000 80
21 0101 0100 84
22 0101 1000 88
23 0101 1100 92
24 0110 0000 96
25 0110 0100 100
26 0110 1000 104
27 0110 1100 108
28 0111 0000 112
29 0111 0100 116
30 0111 1000 120
31 0111 1100 124
32 1000 0000 128
33 1000 0100 132
34 1000 1000 136
35 1000 1100 140

Step | 8 bit Alamat Bawah Dec
36 1001 0000 144
37 1001 0100 148
38 1001 1000 152
39 1001 1100 156
40 1010 0000 160
41 1010 0100 164
42 1010 1000 168
43 1010 1100 172
44 1011 0000 176
45 1011 0100 180
46 1011 1000 184
47 1011 1100 188
48 1100 0000 192
49 1100 0100 196
50 1100 1000 200
51 1100 1100 204
52 1101 0000 208
53 1101 0100 212
54 1101 1000 216
55 1101 1100 220
56 1110 0000 224
57 1110 0100 228
58 1110 1000 232
59 1110 1100 236
60 1111 0000 240
61 1111 0100 244
62 1111 1000 248
63 1111 1100 252
64 0000 0000 0
65 0000 0100 4
66 0000 1000 8
67 0000 1100 12
68 0001 0000 16
69 0001 0100 20
70 0001 1000 24




Step | 8 bit Alamat Bawah Dec
71 0001 1100 28
72 0010 0000 32
73 0010 0100 36
74 0010 1000 40
75 0010 1100 44
76 0011 0000 48
77 0011 0100 52
78 0011 1000 56
79 0011 1100 60
80 0100 0000 64
81 0100 0100 68
82 0100 1000 72
83 0100 1100 76
84 0101 0000 80
85 0101 0100 84
86 0101 1000 88
87 0101 1100 92
88 0110 0000 96
89 0110 0100 100
90 0110 1000 104
91 0110 1100 108
92 0111 0000 112
93 0111 0100 116
94 0111 1000 120
95 0111 1100 124
96 1000 0000 128
97 1000 0100 132
98 1000 1000 136
99 1000 1100 140
100 1001 0000 144
101 1001 0100 148
102 1001 1000 152
103 1001 1100 156
104 1010 0000 160
105 1010 0100 164

Step | 8 bit Alamat Bawah Dec
106 1010 1000 168
107 1010 1100 172
108 1011 0000 176
109 1011 0100 180
110 1011 1000 184
111 1011 1100 188
112 1100 0000 192
113 1100 0100 196
114 1100 1000 200
115 1100 1100 204
116 1101 0000 208
117 1101 0100 212
118 1101 1000 216
119 1101 1100 220
120 1110 0000 224
121 1110 0100 228
122 1110 1000 232
123 1110 1100 236
124 1111 0000 240
125 1111 0100 244
126 1111 1000 248
127 1111 1100 252
128 0000 0000 0

129 0000 0100 4

130 0000 1000 8

131 0000 1100 12
132 0001 0000 16
133 0001 0100 20
134 0001 1000 24
135 0001 1100 28
136 0010 0000 32
137 0010 0100 36
138 0010 1000 40
139 0010 1100 44
140 0011 0000 48




Step | 8 bit Alamat Bawah Dec
141 0011 0100 52
142 0011 1000 56
143 0011 1100 60
144 0100 0000 64
145 0100 0100 68
146 0100 1000 72
147 0100 1100 76
148 0101 0000 80
149 0101 0100 84
150 0101 1000 88
151 0101 1100 92
152 0110 0000 96
153 0110 0100 100
154 0110 1000 104
155 0110 1100 108
156 0111 0000 112
157 0111 0100 116
158 0111 1000 120
159 0111 1100 124
160 1000 0000 128
161 1000 0100 132
162 1000 1000 136
163 1000 1100 140
164 1001 0000 144
165 1001 0100 148
166 1001 1000 152
167 1001 1100 156
168 1010 0000 160
169 1010 0100 164
170 1010 1000 168
171 1010 1100 172
172 1011 0000 176
173 1011 0100 180
174 1011 1000 184
175 1011 1100 188

Step | 8 bit Alamat Bawah Dec
176 1100 0000 192
177 1100 0100 196
178 1100 1000 200
179 1100 1100 204
180 1101 0000 208
181 1101 0100 212
182 1101 1000 216
183 1101 1100 220
184 1110 0000 224
185 1110 0100 228
186 1110 1000 232
187 1110 1100 236
188 1111 0000 240
189 1111 0100 244
190 1111 1000 248
191 1111 1100 252
192 0000 0000 0

193 0000 0100 4

194 0000 1000 8

195 0000 1100 12
196 0001 0000 16
197 0001 0100 20
198 0001 1000 24
199 0001 1100 28
200 0010 0000 32
201 0010 0100 36
202 0010 1000 40
203 0010 1100 44
204 0011 0000 48
205 0011 0100 52
206 0011 1000 56
207 0011 1100 60
208 0100 0000 64
209 0100 0100 68
210 0100 1000 72




Step | 8 bit Alamat Bawah Dec
246 1101 1000 216
247 1101 1100 220
248 1110 0000 224
249 1110 0100 228
250 1110 1000 232
251 1110 1100 236
252 1111 0000 240
253 1111 0100 244
254 1111 1000 248
255 1111 1100 252
256 0000 0000 0

Step | 8 bit Alamat Bawah Dec
211 0100 1100 76
212 0101 0000 80
213 0101 0100 84
214 0101 1000 88
215 0101 1100 92
216 0110 0000 96
217 0110 0100 100
218 0110 1000 104
219 0110 1100 108
220 0111 0000 112
221 0111 0100 116
222 0111 1000 120
223 0111 1100 124
224 1000 0000 128
225 1000 0100 132
226 1000 1000 136
227 1000 1100 140
228 1001 0000 144
229 1001 0100 148
230 1001 1000 152
231 1001 1100 156
232 1010 0000 160
233 1010 0100 164
234 1010 1000 168
235 1010 1100 172
236 1011 0000 176
237 1011 0100 180
238 1011 1000 184
239 1011 1100 188
240 1100 0000 192
241 1100 0100 196
242 1100 1000 200
243 1100 1100 204
244 1101 0000 208
245 1101 0100 212




Tabel Keluaran 8 bit Alamat Bawah ROM Sinus input 0 modulasi BASK

Step | 8 bit Alamat Bawah Dec
1 0000 0000 0
2 0000 0000 0
3 0000 0000 0
4 0000 0000 0
5 0000 0000 0
6 0000 0000 0
7 0000 0000 0
8 0000 0000 0
9 0000 0000 0
10 0000 0000 0
11 0000 0000 0
12 0000 0000 0
13 0000 0000 0
14 0000 0000 0
15 0000 0000 0
16 0000 0000 0
17 0000 0000 0
18 0000 0000 0
19 0000 0000 0
20 0000 0000 0
21 0000 0000 0
29 0000 0000 0
23 0000 0000 0
o4 0000 0000 0
o5 0000 0000 0
26 0000 0000 0
27 0000 0000 0
8 0000 0000 0
29 0000 0000 0
30 0000 0000 0
31 0000 0000 0
32 0000 0000 0
33 0000 0000 0
34 0000 0000 0
35 0000 0000 0

Step | 8 bit Alamat Bawah Dec
36 0000 0000 0
37 0000 0000 0
38 0000 0000 0
39 0000 0000 0
40 0000 0000 0
41 0000 0000 0
42 0000 0000 0
43 0000 0000 0
44 0000 0000 0
45 0000 0000 0
46 0000 0000 0
47 0000 0000 0
48 0000 0000 0
49 0000 0000 0
50 0000 0000 0
51 0000 0000 0
52 0000 0000 0
53 0000 0000 0
54 0000 0000 0
55 0000 0000 0
56 0000 0000 0
57 0000 0000 0
58 0000 0000 0
59 0000 0000 0
60 0000 0000 0
61 0000 0000 0
62 0000 0000 0
63 0000 0000 0
64 0000 0000 0
65 0000 0000 0
66 0000 0000 0
67 0000 0000 0
68 0000 0000 0
69 0000 0000 0
70 0000 0000 0




Step

8 bit Alamat Bawah

Step | 8 bit Alamat Bawah Dec
71 0000 0000 0
72 0000 0000 0
73 0000 0000 0
74 0000 0000 0
75 0000 0000 0
76 0000 0000 0
77 0000 0000 0
78 0000 0000 0
79 0000 0000 0
80 0000 0000 0
81 0000 0000 0
82 0000 0000 0
83 0000 0000 0
84 0000 0000 0
85 0000 0000 0
86 0000 0000 0
87 0000 0000 0
88 0000 0000 0
89 0000 0000 0
90 0000 0000 0
91 0000 0000 0
92 0000 0000 0
93 0000 0000 0
94 0000 0000 0
95 0000 0000 0
96 0000 0000 0
97 0000 0000 0
98 0000 0000 0
99 0000 0000 0
100 0000 0000 0
101 0000 0000 0
102 0000 0000 0
103 0000 0000 0
104 0000 0000 0
105 0000 0000 0

Dec
106 0000 0000 0
107 0000 0000 0
108 0000 0000 0
109 0000 0000 0
110 0000 0000 0
111 0000 0000 0
112 0000 0000 0
113 0000 0000 0
114 0000 0000 0
115 0000 0000 0
116 0000 0000 0
117 0000 0000 0
118 0000 0000 0
119 0000 0000 0
120 0000 0000 0
121 0000 0000 0
122 0000 0000 0
123 0000 0000 0
124 0000 0000 0
125 0000 0000 0
126 0000 0000 0
127 0000 0000 0
128 0000 0000 0
129 0000 0000 0
130 0000 0000 0
131 0000 0000 0
132 0000 0000 0
133 0000 0000 0
134 0000 0000 0
135 0000 0000 0
136 0000 0000 0
137 0000 0000 0
138 0000 0000 0
139 0000 0000 0
140 0000 0000 0




Step

8 bit Alamat Bawah

Dec
141 0000 0000 0
142 0000 0000 0
143 0000 0000 0
144 0000 0000 0
145 0000 0000 0
146 0000 0000 0
147 0000 0000 0
148 0000 0000 0
149 0000 0000 0
150 0000 0000 0
151 0000 0000 0
152 0000 0000 0
153 0000 0000 0
154 0000 0000 0
155 0000 0000 0
156 0000 0000 0
157 0000 0000 0
158 0000 0000 0
159 0000 0000 0
160 0000 0000 0
161 0000 0000 0
162 0000 0000 0
163 0000 0000 0
164 0000 0000 0
165 0000 0000 0
166 0000 0000 0
167 0000 0000 0
168 0000 0000 0
169 0000 0000 0
170 0000 0000 0
171 0000 0000 0
172 0000 0000 0
173 0000 0000 0
174 0000 0000 0
175 0000 0000 0

Step | 8 bit Alamat Bawah Dec
176 0000 0000 0
177 0000 0000 0
178 0000 0000 0
179 0000 0000 0
180 0000 0000 0
181 0000 0000 0
182 0000 0000 0
183 0000 0000 0
184 0000 0000 0
185 0000 0000 0
186 0000 0000 0
187 0000 0000 0
188 0000 0000 0
189 0000 0000 0
190 0000 0000 0
191 0000 0000 0
192 0000 0000 0
193 0000 0000 0
194 0000 0000 0
195 0000 0000 0
196 0000 0000 0
197 0000 0000 0
198 0000 0000 0
199 0000 0000 0
200 0000 0000 0
201 0000 0000 0
202 0000 0000 0
203 0000 0000 0
204 0000 0000 0
205 0000 0000 0
206 0000 0000 0
207 0000 0000 0
208 0000 0000 0
209 0000 0000 0
210 0000 0000 0




Step | 8 bit Alamat Bawah Dec
246 0000 0000 0
247 0000 0000 0
248 0000 0000 0
249 0000 0000 0
250 0000 0000 0
251 0000 0000 0
252 0000 0000 0
253 0000 0000 0
254 0000 0000 0
255 0000 0000 0
256 0000 0000 0

Step | 8 bit Alamat Bawah Dec
211 0000 0000 0
212 0000 0000 0
213 0000 0000 0
214 0000 0000 0
215 0000 0000 0
216 0000 0000 0
217 0000 0000 0
218 0000 0000 0
219 0000 0000 0
220 0000 0000 0
221 0000 0000 0
299 0000 0000 0
293 0000 0000 0
224 0000 0000 0
225 0000 0000 0
226 0000 0000 0
297 0000 0000 0
228 0000 0000 0
229 0000 0000 0
230 0000 0000 0
231 0000 0000 0
232 0000 0000 0
233 0000 0000 0
234 0000 0000 0
235 0000 0000 0
236 0000 0000 0
237 0000 0000 0
238 0000 0000 0
239 0000 0000 0
240 0000 0000 0
241 0000 0000 0
242 0000 0000 0
243 0000 0000 0
244 0000 0000 0
245 0000 0000 0




Tabel Keluaran 8§ bit Alamat Bawah ROM Sinus input 1 modulasi BFSK

Step | 8 bit Alamat Bawah Dec
1 0000 0100 4
2 0000 1000 8
3 0000 1100 12
4 0001 0000 16
5 0001 0100 20
6 0001 1000 24
7 0001 1100 28
8 0010 0000 32
9 0010 0100 36
10 0010 1000 40
11 0010 1100 44
12 0011 0000 48
13 0011 0100 52
14 0011 1000 56
15 0011 1100 60
16 0100 0000 64
17 0100 0100 68
18 0100 1000 72
19 0100 1100 76
20 0101 0000 80
21 0101 0100 84
22 0101 1000 88
23 0101 1100 92
24 0110 0000 96
25 0110 0100 100
26 0110 1000 104
27 0110 1100 108
28 0111 0000 112
29 0111 0100 116
30 0111 1000 120
31 0111 1100 124
32 1000 0000 128
33 1000 0100 132
34 1000 1000 136
35 1000 1100 140

Step | 8 bit Alamat Bawah Dec
36 1001 0000 144
37 1001 0100 148
38 1001 1000 152
39 1001 1100 156
40 1010 0000 160
41 1010 0100 164
42 1010 1000 168
43 1010 1100 172
44 1011 0000 176
45 1011 0100 180
46 1011 1000 184
47 1011 1100 188
48 1100 0000 192
49 1100 0100 196
50 1100 1000 200
51 1100 1100 204
52 1101 0000 208
53 1101 0100 212
54 1101 1000 216
55 1101 1100 220
56 1110 0000 224
57 1110 0100 228
58 1110 1000 232
59 1110 1100 236
60 1111 0000 240
61 1111 0100 244
62 1111 1000 248
63 1111 1100 252
64 0000 0000 0
65 0000 0100 4
66 0000 1000 8
67 0000 1100 12
68 0001 0000 16
69 0001 0100 20
70 0001 1000 24




Step | 8 bit Alamat Bawah Dec
71 0001 1100 28
72 0010 0000 32
73 0010 0100 36
74 0010 1000 40
75 0010 1100 44
76 0011 0000 48
77 0011 0100 52
78 0011 1000 56
79 0011 1100 60
80 0100 0000 64
81 0100 0100 68
82 0100 1000 72
83 0100 1100 76
84 0101 0000 80
85 0101 0100 84
86 0101 1000 88
87 0101 1100 92
88 0110 0000 96
89 0110 0100 100
90 0110 1000 104
91 0110 1100 108
92 0111 0000 112
93 0111 0100 116
94 0111 1000 120
95 0111 1100 124
96 1000 0000 128
97 1000 0100 132
98 1000 1000 136
99 1000 1100 140
100 1001 0000 144
101 1001 0100 148
102 1001 1000 152
103 1001 1100 156
104 1010 0000 160
105 1010 0100 164

Step | 8 bit Alamat Bawah Dec
106 1010 1000 168
107 1010 1100 172
108 1011 0000 176
109 1011 0100 180
110 1011 1000 184
111 1011 1100 188
112 1100 0000 192
113 1100 0100 196
114 1100 1000 200
115 1100 1100 204
116 1101 0000 208
117 1101 0100 212
118 1101 1000 216
119 1101 1100 220
120 1110 0000 224
121 1110 0100 228
122 1110 1000 232
123 1110 1100 236
124 1111 0000 240
125 1111 0100 244
126 1111 1000 248
127 1111 1100 252
128 0000 0000 0

129 0000 0100 4

130 0000 1000 8

131 0000 1100 12
132 0001 0000 16
133 0001 0100 20
134 0001 1000 24
135 0001 1100 28
136 0010 0000 32
137 0010 0100 36
138 0010 1000 40
139 0010 1100 44
140 0011 0000 48




Step | 8 bit Alamat Bawah Dec
141 0011 0100 52
142 0011 1000 56
143 0011 1100 60
144 0100 0000 64
145 0100 0100 68
146 0100 1000 72
147 0100 1100 76
148 0101 0000 80
149 0101 0100 84
150 0101 1000 88
151 0101 1100 92
152 0110 0000 96
153 0110 0100 100
154 0110 1000 104
155 0110 1100 108
156 0111 0000 112
157 0111 0100 116
158 0111 1000 120
159 0111 1100 124
160 1000 0000 128
161 1000 0100 132
162 1000 1000 136
163 1000 1100 140
164 1001 0000 144
165 1001 0100 148
166 1001 1000 152
167 1001 1100 156
168 1010 0000 160
169 1010 0100 164
170 1010 1000 168
171 1010 1100 172
172 1011 0000 176
173 1011 0100 180
174 1011 1000 184
175 1011 1100 188

Step | 8 bit Alamat Bawah Dec
176 1100 0000 192
177 1100 0100 196
178 1100 1000 200
179 1100 1100 204
180 1101 0000 208
181 1101 0100 212
182 1101 1000 216
183 1101 1100 220
184 1110 0000 224
185 1110 0100 228
186 1110 1000 232
187 1110 1100 236
188 1111 0000 240
189 1111 0100 244
190 1111 1000 248
191 1111 1100 252
192 0000 0000 0

193 0000 0100 4

194 0000 1000 8

195 0000 1100 12
196 0001 0000 16
197 0001 0100 20
198 0001 1000 24
199 0001 1100 28
200 0010 0000 32
201 0010 0100 36
202 0010 1000 40
203 0010 1100 44
204 0011 0000 48
205 0011 0100 52
206 0011 1000 56
207 0011 1100 60
208 0100 0000 64
209 0100 0100 68
210 0100 1000 72




Step | 8 bit Alamat Bawah Dec
246 1101 1000 216
247 1101 1100 220
248 1110 0000 224
249 1110 0100 228
250 1110 1000 232
251 1110 1100 236
252 1111 0000 240
253 1111 0100 244
254 1111 1000 248
255 1111 1100 252
256 0000 0000 0

Step | 8 bit Alamat Bawah Dec
211 0100 1100 76
212 0101 0000 80
213 0101 0100 84
214 0101 1000 88
215 0101 1100 92
216 0110 0000 96
217 0110 0100 100
218 0110 1000 104
219 0110 1100 108
220 0111 0000 112
221 0111 0100 116
222 0111 1000 120
223 0111 1100 124
224 1000 0000 128
225 1000 0100 132
226 1000 1000 136
227 1000 1100 140
228 1001 0000 144
229 1001 0100 148
230 1001 1000 152
231 1001 1100 156
232 1010 0000 160
233 1010 0100 164
234 1010 1000 168
235 1010 1100 172
236 1011 0000 176
237 1011 0100 180
238 1011 1000 184
239 1011 1100 188
240 1100 0000 192
241 1100 0100 196
242 1100 1000 200
243 1100 1100 204
244 1101 0000 208
245 1101 0100 212




Tabel Keluaran 8 bit Alamat Bawah ROM Sinus input 0 modulasi BFSK

8 bit Alamat

Step | 8 bit Alamat Bawah Dec Step Bawah Dec
1 0000 1000 8 36 0010 0000 32
2 0001 0000 16 37 0010 1000 40
3 0001 1000 24 38 0011 0000 48
4 0010 0000 32 39 0011 1000 56
5 0010 1000 40 40 0100 0000 64
6 0011 0000 48 41 0100 1000 72
7 0011 1000 56 42 0101 0000 80
8 0100 0000 64 43 0101 1000 88
9 0100 1000 72 44 0110 0000 96
10 0101 0000 80 45 0110 1000 104
11 0101 1000 88 46 0111 0000 112
12 0110 0000 96 47 0111 1000 120
13 0110 1000 104 48 1000 0000 128
14 0111 0000 112 49 1000 1000 136
15 0111 1000 120 50 1001 0000 144
16 1000 0000 128 51 1001 1000 152
17 1000 1000 136 52 1010 0000 160
18 1001 0000 144 53 1010 1000 168
19 1001 1000 152 54 1011 0000 176
20 1010 0000 160 55 1011 1000 184
21 1010 1000 168 56 1100 0000 192
22 1011 0000 176 57 1100 1000 200
23 1011 1000 184 58 1101 0000 208
24 1100 0000 192 59 1101 1000 216
25 1100 1000 200 60 1110 0000 224
26 1101 0000 208 61 1110 1000 232
27 1101 1000 216 62 1111 0000 240
28 1110 0000 224 63 1111 1000 248
29 1110 1000 232 64 0000 0000 0
30 1111 0000 240 65 0000 1000 8
31 1111 1000 248 66 0001 0000 16
32 0000 0000 0 67 0001 1000 24
33 0000 1000 8 68 0010 0000 32
34 0001 0000 16 69 0010 1000 40
35 0001 1000 24 70 0011 0000 48




8 bit Alamat

Step | 8 bit Alamat Bawah Dec
71 0011 1000 56
72 0100 0000 64
73 0100 1000 72
74 0101 0000 80
75 0101 1000 88
76 0110 0000 96
77 0110 1000 104
78 0111 0000 112
79 0111 1000 120
80 1000 0000 128
81 1000 1000 136
82 1001 0000 144
83 1001 1000 152
84 1010 0000 160
85 1010 1000 168
86 1011 0000 176
87 1011 1000 184
88 1100 0000 192
89 1100 1000 200
90 1101 0000 208
91 1101 1000 216
92 1110 0000 224
93 1110 1000 232
94 1111 0000 240
95 1111 1000 248
96 0000 0000 0
97 0000 1000 8
98 0001 0000 16
99 0001 1000 24
100 0010 0000 32
101 0010 1000 40
102 0011 0000 48
103 0011 1000 56
104 0100 0000 64
105 0100 1000 72

Step Bawah Dec
106 0101 0000 80
107 0101 1000 88
108 0110 0000 96
109 0110 1000 104
110 0111 0000 112
111 0111 1000 120
112 1000 0000 128
113 1000 1000 136
114 1001 0000 144
115 1001 1000 152
116 1010 0000 160
117 1010 1000 168
118 1011 0000 176
119 1011 1000 184
120 1100 0000 192
121 1100 1000 200
122 1101 0000 208
123 1101 1000 216
124 1110 0000 224
125 1110 1000 232
126 1111 0000 240
127 1111 1000 248
128 0000 0000 0

129 0000 1000 8

130 0001 0000 16
131 0001 1000 24
132 0010 0000 32
133 0010 1000 40
134 0011 0000 48
135 0011 1000 56
136 0100 0000 64
137 0100 1000 72
138 0101 0000 80
139 0101 1000 88
140 0110 0000 96




8 bit Alamat

Step | 8 bit Alamat Bawah Dec
141 0110 1000 104
142 0111 0000 112
143 0111 1000 120
144 1000 0000 128
145 1000 1000 136
146 1001 0000 144
147 1001 1000 152
148 1010 0000 160
149 1010 1000 168
150 1011 0000 176
151 1011 1000 184
152 1100 0000 192
153 1100 1000 200
154 1101 0000 208
155 1101 1000 216
156 1110 0000 224
157 1110 1000 232
158 1111 0000 240
159 1111 1000 248
160 0000 0000 0

161 0000 1000 8

162 0001 0000 16
163 0001 1000 24
164 0010 0000 32
165 0010 1000 40
166 0011 0000 48
167 0011 1000 56
168 0100 0000 64
169 0100 1000 72
170 0101 0000 80
171 0101 1000 88
172 0110 0000 96
173 0110 1000 104
174 0111 0000 112
175 0111 1000 120

Step Bawah Dec
176 1000 0000 128
177 1000 1000 136
178 1001 0000 144
179 1001 1000 152
180 1010 0000 160
181 1010 1000 168
182 1011 0000 176
183 1011 1000 184
184 1100 0000 192
185 1100 1000 200
186 1101 0000 208
187 1101 1000 216
188 1110 0000 224
189 1110 1000 232
190 1111 0000 240
191 1111 1000 248
192 0000 0000 0

193 0000 1000 8

194 0001 0000 16
195 0001 1000 24
196 0010 0000 32
197 0010 1000 40
198 0011 0000 48
199 0011 1000 56
200 0100 0000 64
201 0100 1000 72
202 0101 0000 80
203 0101 1000 88
204 0110 0000 96
205 0110 1000 104
206 0111 0000 112
207 0111 1000 120
208 1000 0000 128
209 1000 1000 136
210 1001 0000 144




8 bit Alamat

Step Bawah Dec
246 1011 0000 176
247 1011 1000 184
248 1100 0000 192
249 1100 1000 200
250 1101 0000 208
251 1101 1000 216
252 1110 0000 224
253 1110 1000 232
254 1111 0000 240
255 1111 1000 248
256 0000 0000 0

Step | 8 bit Alamat Bawah Dec
211 1001 1000 152
212 1010 0000 160
213 1010 1000 168
214 1011 0000 176
215 1011 1000 184
216 1100 0000 192
217 1100 1000 200
218 1101 0000 208
219 1101 1000 216
220 1110 0000 224
221 1110 1000 232
222 1111 0000 240
223 1111 1000 248
224 0000 0000 0

225 0000 1000 8

226 0001 0000 16
227 0001 1000 24
228 0010 0000 32
229 0010 1000 40
230 0011 0000 48
231 0011 1000 56
232 0100 0000 64
233 0100 1000 72
234 0101 0000 80
235 0101 1000 88
236 0110 0000 96
237 0110 1000 104
238 0111 0000 112
239 0111 1000 120
240 1000 0000 128
241 1000 1000 136
242 1001 0000 144
243 1001 1000 152
244 1010 0000 160
245 1010 1000 168




Tabel Keluaran 8 bit Alamat Bawah ROM Sinus input 1 modulasi BPSK

Step | 8 bit Alamat Bawah Dec
1 0000 0100 4
2 0000 1000 8
3 0000 1100 12
4 0001 0000 16
5 0001 0100 20
6 0001 1000 24
7 0001 1100 28
8 0010 0000 32
9 0010 0100 36
10 0010 1000 40
11 0010 1100 44
12 0011 0000 48
13 0011 0100 52
14 0011 1000 56
15 0011 1100 60
16 0100 0000 64
17 0100 0100 68
18 0100 1000 72
19 0100 1100 76
20 0101 0000 80
21 0101 0100 84
22 0101 1000 88
23 0101 1100 92
24 0110 0000 96
25 0110 0100 100
26 0110 1000 104
27 0110 1100 108
28 0111 0000 112
29 0111 0100 116
30 0111 1000 120
31 0111 1100 124
32 1000 0000 128
33 1000 0100 132
34 1000 1000 136
35 1000 1100 140

Step | 8 bit Alamat Bawah Dec
36 1001 0000 144
37 1001 0100 148
38 1001 1000 152
39 1001 1100 156
40 1010 0000 160
41 1010 0100 164
42 1010 1000 168
43 1010 1100 172
44 1011 0000 176
45 1011 0100 180
46 1011 1000 184
47 1011 1100 188
48 1100 0000 192
49 1100 0100 196
50 1100 1000 200
51 1100 1100 204
52 1101 0000 208
53 1101 0100 212
54 1101 1000 216
55 1101 1100 220
56 1110 0000 224
57 1110 0100 228
58 1110 1000 232
59 1110 1100 236
60 1111 0000 240
61 1111 0100 244
62 1111 1000 248
63 1111 1100 252
64 0000 0000 0
65 0000 0100 4
66 0000 1000 8
67 0000 1100 12
68 0001 0000 16
69 0001 0100 20
70 0001 1000 24




Step | 8 bit Alamat Bawah Dec
71 0001 1100 28
72 0010 0000 32
73 0010 0100 36
74 0010 1000 40
75 0010 1100 44
76 0011 0000 48
77 0011 0100 52
78 0011 1000 56
79 0011 1100 60
80 0100 0000 64
81 0100 0100 68
82 0100 1000 72
83 0100 1100 76
84 0101 0000 80
85 0101 0100 84
86 0101 1000 88
87 0101 1100 92
88 0110 0000 96
89 0110 0100 100
90 0110 1000 104
91 0110 1100 108
92 0111 0000 112
93 0111 0100 116
94 0111 1000 120
95 0111 1100 124
96 1000 0000 128
97 1000 0100 132
98 1000 1000 136
99 1000 1100 140
100 1001 0000 144
101 1001 0100 148
102 1001 1000 152
103 1001 1100 156
104 1010 0000 160
105 1010 0100 164

Step | 8 bit Alamat Bawah Dec
106 1010 1000 168
107 1010 1100 172
108 1011 0000 176
109 1011 0100 180
110 1011 1000 184
111 1011 1100 188
112 1100 0000 192
113 1100 0100 196
114 1100 1000 200
115 1100 1100 204
116 1101 0000 208
117 1101 0100 212
118 1101 1000 216
119 1101 1100 220
120 1110 0000 224
121 1110 0100 228
122 1110 1000 232
123 1110 1100 236
124 1111 0000 240
125 1111 0100 244
126 1111 1000 248
127 1111 1100 252
128 0000 0000 0

129 0000 0100 4

130 0000 1000 8

131 0000 1100 12
132 0001 0000 16
133 0001 0100 20
134 0001 1000 24
135 0001 1100 28
136 0010 0000 32
137 0010 0100 36
138 0010 1000 40
139 0010 1100 44
140 0011 0000 48




Step | 8 bit Alamat Bawah Dec
141 0011 0100 52
142 0011 1000 56
143 0011 1100 60
144 0100 0000 64
145 0100 0100 68
146 0100 1000 72
147 0100 1100 76
148 0101 0000 80
149 0101 0100 84
150 0101 1000 88
151 0101 1100 92
152 0110 0000 96
153 0110 0100 100
154 0110 1000 104
155 0110 1100 108
156 0111 0000 112
157 0111 0100 116
158 0111 1000 120
159 0111 1100 124
160 1000 0000 128
161 1000 0100 132
162 1000 1000 136
163 1000 1100 140
164 1001 0000 144
165 1001 0100 148
166 1001 1000 152
167 1001 1100 156
168 1010 0000 160
169 1010 0100 164
170 1010 1000 168
171 1010 1100 172
172 1011 0000 176
173 1011 0100 180
174 1011 1000 184
175 1011 1100 188

Step | 8 bit Alamat Bawah Dec
176 1100 0000 192
177 1100 0100 196
178 1100 1000 200
179 1100 1100 204
180 1101 0000 208
181 1101 0100 212
182 1101 1000 216
183 1101 1100 220
184 1110 0000 224
185 1110 0100 228
186 1110 1000 232
187 1110 1100 236
188 1111 0000 240
189 1111 0100 244
190 1111 1000 248
191 1111 1100 252
192 0000 0000 0

193 0000 0100 4

194 0000 1000 8

195 0000 1100 12
196 0001 0000 16
197 0001 0100 20
198 0001 1000 24
199 0001 1100 28
200 0010 0000 32
201 0010 0100 36
202 0010 1000 40
203 0010 1100 44
204 0011 0000 48
205 0011 0100 52
206 0011 1000 56
207 0011 1100 60
208 0100 0000 64
209 0100 0100 68
210 0100 1000 72




Step | 8 bit Alamat Bawah Dec
246 1101 1000 216
247 1101 1100 220
248 1110 0000 224
249 1110 0100 228
250 1110 1000 232
251 1110 1100 236
252 1111 0000 240
253 1111 0100 244
254 1111 1000 248
255 1111 1100 252
256 0000 0000 0

Step | 8 bit Alamat Bawah Dec
211 0100 1100 76
212 0101 0000 80
213 0101 0100 84
214 0101 1000 88
215 0101 1100 92
216 0110 0000 96
217 0110 0100 100
218 0110 1000 104
219 0110 1100 108
220 0111 0000 112
221 0111 0100 116
222 0111 1000 120
223 0111 1100 124
224 1000 0000 128
225 1000 0100 132
226 1000 1000 136
227 1000 1100 140
228 1001 0000 144
229 1001 0100 148
230 1001 1000 152
231 1001 1100 156
232 1010 0000 160
233 1010 0100 164
234 1010 1000 168
235 1010 1100 172
236 1011 0000 176
237 1011 0100 180
238 1011 1000 184
239 1011 1100 188
240 1100 0000 192
241 1100 0100 196
242 1100 1000 200
243 1100 1100 204
244 1101 0000 208
245 1101 0100 212




Tabel Keluaran 8 bit Alamat Bawah ROM Sinus input 0 modulasi BPSK

8 bit Alamat 8 bit Alamat
Step Bawah Dec Step Bawah Dec
1 1111 1100 252 36 0111 0000 112
2 1111 1000 248 37 0110 1100 108
3 1111 0100 244 38 0110 1000 104
4 1111 0000 240 39 0110 0100 100
5 1110 1100 236 40 0110 0000 96
6 1110 1000 232 41 0101 1100 92
7 1110 0100 228 42 0101 1000 88
8 1110 0000 224 43 0101 0100 84
9 1101 1100 220 44 0101 0000 80
10 1101 1000 216 45 0100 1100 76
11 1101 0100 212 46 0100 1000 72
12 1101 0000 208 47 0100 0100 68
13 1100 1100 204 48 0100 0000 64
14 1100 1000 200 49 0011 1100 60
15 1100 0100 196 50 0011 1000 56
16 1100 0000 192 51 0011 0100 52
17 1011 1100 188 52 0011 0000 48
18 1011 1000 184 53 0010 1100 44
19 1011 0100 180 54 0010 1000 40
20 1011 0000 176 55 0010 0100 36
21 1010 1100 172 56 0010 0000 32
22 1010 1000 168 57 0001 1100 28
23 1010 0100 164 58 0001 1000 24
24 1010 0000 160 59 0001 0100 20
25 1001 1100 156 60 0001 0000 16
26 1001 1000 152 61 0000 1100 12
27 1001 0100 148 62 0000 1000 8
28 1001 0000 144 63 0000 0100 4
29 1000 1100 140 64 0000 0000 0
30 1000 1000 136 65 1111 1100 252
31 1000 0100 132 66 1111 1000 248
32 1000 0000 128 67 1111 0100 244
33 0111 1100 124 68 1111 0000 240
34 0111 1000 120 69 1110 1100 236
35 0111 0100 116 70 1110 1000 232




8 bit Alamat

Step Bawah Dec
71 1110 0100 228
72 1110 0000 224
73 1101 1100 220
74 1101 1000 216
75 1101 0100 212
76 1101 0000 208
77 1100 1100 204
78 1100 1000 200
79 1100 0100 196
80 1100 0000 192
81 1011 1100 188
82 1011 1000 184
83 1011 0100 180
84 1011 0000 176
85 1010 1100 172
86 1010 1000 168
87 1010 0100 164
88 1010 0000 160
89 1001 1100 156
90 1001 1000 152
91 1001 0100 148
92 1001 0000 144
93 1000 1100 140
94 1000 1000 136
95 1000 0100 132
96 1000 0000 128
97 0111 1100 124
98 0111 1000 120
99 0111 0100 116
100 0111 0000 112
101 0110 1100 108
102 0110 1000 104
103 0110 0100 100
104 0110 0000 96
105 0101 1100 92

8 bit Alamat

Step Bawah Dec
106 0101 1000 88
107 0101 0100 84
108 0101 0000 80
109 0100 1100 76
110 0100 1000 72
111 0100 0100 68
112 0100 0000 64
113 0011 1100 60
114 0011 1000 56
115 0011 0100 52
116 0011 0000 48
117 0010 1100 44
118 0010 1000 40
119 0010 0100 36
120 0010 0000 32
121 0001 1100 28
122 0001 1000 24
123 0001 0100 20
124 0001 0000 16
125 0000 1100 12
126 0000 1000 8

127 0000 0100 4

128 0000 0000 0

129 1111 1100 252
130 1111 1000 248
131 1111 0100 244
132 1111 0000 240
133 1110 1100 236
134 1110 1000 232
135 1110 0100 228
136 1110 0000 224
137 1101 1100 220
138 1101 1000 216
139 1101 0100 212
140 1101 0000 208




8 bit Alamat

Step Bawah Dec
141 1100 1100 204
142 1100 1000 200
143 1100 0100 196
144 1100 0000 192
145 1011 1100 188
146 1011 1000 184
147 1011 0100 180
148 1011 0000 176
149 1010 1100 172
150 1010 1000 168
151 1010 0100 164
152 1010 0000 160
153 1001 1100 156
154 1001 1000 152
155 1001 0100 148
156 1001 0000 144
157 1000 1100 140
158 1000 1000 136
159 1000 0100 132
160 1000 0000 128
161 0111 1100 124
162 0111 1000 120
163 0111 0100 116
164 0111 0000 112
165 0110 1100 108
166 0110 1000 104
167 0110 0100 100
168 0110 0000 96
169 0101 1100 92
170 0101 1000 88
171 0101 0100 84
172 0101 0000 80
173 0100 1100 76
174 0100 1000 72
175 0100 0100 68

8 bit Alamat

Step Bawah Dec
176 0100 0000 64
177 0011 1100 60
178 0011 1000 56
179 0011 0100 52
180 0011 0000 48
181 0010 1100 44
182 0010 1000 40
183 0010 0100 36
184 0010 0000 32
185 0001 1100 28
186 0001 1000 24
187 0001 0100 20
188 0001 0000 16
189 0000 1100 12
190 0000 1000 8

191 0000 0100 4

192 0000 0000 0

193 1111 1100 252
194 1111 1000 248
195 1111 0100 244
196 1111 0000 240
197 1110 1100 236
198 1110 1000 232
199 1110 0100 228
200 1110 0000 224
201 1101 1100 220
202 1101 1000 216
203 1101 0100 212
204 1101 0000 208
205 1100 1100 204
206 1100 1000 200
207 1100 0100 196
208 1100 0000 192
209 1011 1100 188
210 1011 1000 184




8 bit Alamat

8 bit Alamat
Step Bawah Dec
246 0010 1000 40
247 0010 0100 36
248 0010 0000 32
249 0001 1100 28
250 0001 1000 24
251 0001 0100 20
252 0001 0000 16
253 0000 1100 12
254 0000 1000 8
255 0000 0100 4
256 0000 0000 0

Step Bawah Dec
211 1011 0100 180
212 1011 0000 176
213 1010 1100 172
214 1010 1000 168
215 1010 0100 164
216 1010 0000 160
217 1001 1100 156
218 1001 1000 152
219 1001 0100 148
220 1001 0000 144
221 1000 1100 140
222 1000 1000 136
223 1000 0100 132
224 1000 0000 128
225 0111 1100 124
226 0111 1000 120
227 0111 0100 116
228 0111 0000 112
229 0110 1100 108
230 0110 1000 104
231 0110 0100 100
232 0110 0000 96
233 0101 1100 92
234 0101 1000 88
235 0101 0100 84
236 0101 0000 80
237 0100 1100 76
238 0100 1000 72
239 0100 0100 68
240 0100 0000 64
241 0011 1100 60
242 0011 1000 56
243 0011 0100 52
244 0011 0000 48
245 0010 1100 44




Tabel Keluaran ROM Sinus untuk input bit 1 modulasi BASK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 8C 36 4F 71 D1 106 15
2 98 37 43 72 DA 107 OF
3 A5 38 38 73 E2 108 9
4 BO 39 2E 74 EA 109 5
5 BC 40 25 75 FO 110 2
6 C7 41 1F 76 F6 111 0
7 D1 42 15 77 FA 112 0
8 DA 43 OF 78 FD 113 0
9 E2 44 9 79 FF 114 2
10 EA 45 5 80 FF 115 5
11 FO 46 2 81 FF 116 9
12 F6 47 0 82 FD 117 OF
13 FA 48 0 83 FA 118 15
14 FD 49 0 84 F6 119 1D
15 FF 50 2 85 FO 120 25
16 FF 51 5 86 EA 121 2E
17 FF 52 9 87 E2 122 38
18 FD 53 OF 88 DA 123 43
19 FA 54 15 89 D1 124 4F
20 F6 55 1D 90 C7 125 5A
21 FO 56 25 91 BC 126 67
22 EA 57 2E 92 BO 127 73
23 E2 58 38 93 A5 128 80
24 DA 59 43 94 98 129 8C
25 D1 60 4F 95 8C 130 98
26 C7 61 5A 96 80 131 A5
27 BC 62 67 97 73 132 BO
28 BO 63 73 98 67 133 BC
29 A5 64 80 99 5A 134 Cc7
30 98 65 8C 100 4F 135 D1
31 8C 66 98 101 43 136 DA
32 80 67 A5 102 38 137 E2
33 73 68 BO 103 2E 138 EA
34 67 69 BC 104 25 139 FO
35 5A 70 C7 105 1F 140 F6




Data Data Data Data
No (Hex) No (Hex) No (Hex) No (Hex)
141 FA 176 0 211 FA 246 15
142 FD 177 0 212 F6 247 1D
143 FF 178 2 213 FO 248 25
144 FF 179 5 214 EA 249 2E
145 FF 180 9 215 E2 250 38
146 FD 181 OF 216 DA 251 43
147 FA 182 15 217 D1 252 4F
148 F6 183 1D 218 C7 253 5A
149 FO 184 25 219 BC 254 67
150 EA 185 2E 220 BO 255 73
151 E2 186 38 221 A5 256 80
152 DA 187 43 222 98
153 D1 188 4F 223 8C
154 C7 189 5A 224 80
155 BC 190 67 225 73
156 BO 191 73 226 67
157 A5 192 80 227 5A
158 98 193 8C 228 4F
159 8C 194 98 229 43
160 80 195 A5 230 38
161 73 196 BO 231 2E
162 67 197 BC 232 25
163 5A 198 C7 233 1F
164 4F 199 D1 234 15
165 43 200 DA 235 OF
166 38 201 E2 236 9
167 2E 202 EA 237 5
168 25 203 FO 238 2
169 1F 204 F6 239 0
170 15 205 FA 240 0
171 OF 206 FD 241 0
172 9 207 FF 242 2
173 5 208 FF 243 5
174 2 209 FF 244 9
175 0 210 FD 245 OF




Tabel Keluaran ROM Sinus untuk input bit 0 modulasi BASK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 87 36 87 71 87 106 87
2 87 37 87 72 87 107 87
3 87 38 87 73 87 108 87
4 87 39 87 74 87 109 87
5 87 40 87 75 87 110 87
6 87 41 87 76 87 111 87
7 87 42 87 77 87 112 87
8 87 43 87 78 87 113 87
9 87 44 87 79 87 114 87
10 87 45 87 80 87 115 87
11 87 46 87 81 87 116 87
12 87 47 87 82 87 117 87
13 87 48 87 83 87 118 87
14 87 49 87 84 87 119 87
15 87 50 87 85 87 120 87
16 87 51 87 86 87 121 87
17 87 52 87 87 87 122 87
18 87 53 87 88 87 123 87
19 87 54 87 89 87 124 87
20 87 55 87 90 87 125 87
21 87 56 87 91 87 126 87
22 87 57 87 92 87 127 87
23 87 58 87 93 87 128 87
24 87 59 87 94 87 129 87
25 87 60 87 95 87 130 87
26 87 61 87 96 87 131 87
27 87 62 87 97 87 132 87
28 87 63 87 98 87 133 87
29 87 64 87 99 87 134 87
30 87 65 87 100 87 135 87
31 87 66 87 101 87 136 87
32 87 67 87 102 87 137 87
33 87 68 87 103 87 138 87
34 87 69 87 104 87 139 87
35 87 70 87 105 87 140 87




Data Data Data Data

No (Hex) No (Hex) No (Hex) No (Hex)
141 87 176 87 211 87 246 87
142 87 177 87 212 87 247 87
143 87 178 87 213 87 248 87
144 87 179 87 214 87 249 87
145 87 180 87 215 87 250 87
146 87 181 87 216 87 251 87
147 87 182 87 217 87 252 87
148 87 183 87 218 87 253 87
149 87 184 87 219 87 254 87
150 87 185 87 220 87 255 87
151 87 186 87 221 87 256 87
152 87 187 87 222 87

153 87 188 87 223 87

154 87 189 87 224 87

155 87 190 87 225 87

156 87 191 87 226 87

157 87 192 87 227 87

158 87 193 87 228 87

159 87 194 87 229 87

160 87 195 87 230 87

161 87 196 87 231 87

162 87 197 87 232 87

163 87 198 87 233 87

164 87 199 87 234 87

165 87 200 87 235 87

166 87 201 87 236 87

167 87 202 87 237 87

168 87 203 87 238 87

169 87 204 87 239 87

170 87 205 87 240 87

171 87 206 87 241 87

172 87 207 87 242 87

173 87 208 87 243 87

174 87 209 87 244 87

175 87 210 87 245 87




Tabel Keluaran ROM Sinus untuk input bit 1 modulasi BFSK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 8C 36 4F 71 D1 106 15
2 98 37 43 72 DA 107 OF
3 A5 38 38 73 E2 108 9
4 BO 39 2E 74 EA 109 5
5 BC 40 25 75 FO 110 2
6 C7 41 1F 76 F6 111 0
7 D1 42 15 77 FA 112 0
8 DA 43 OF 78 FD 113 0
9 E2 44 9 79 FF 114 2
10 EA 45 5 80 FF 115 5
11 FO 46 2 81 FF 116 9
12 F6 47 0 82 FD 117 OF
13 FA 48 0 83 FA 118 15
14 FD 49 0 84 F6 119 1D
15 FF 50 2 85 FO 120 25
16 FF 51 5 86 EA 121 2E
17 FF 52 9 87 E2 122 38
18 FD 53 OF 88 DA 123 43
19 FA 54 15 89 D1 124 4F
20 F6 55 1D 90 C7 125 5A
21 FO 56 25 91 BC 126 67
22 EA 57 2E 92 BO 127 73
23 E2 58 38 93 A5 128 80
24 DA 59 43 94 98 129 8C
25 D1 60 4F 95 8C 130 98
26 C7 61 5A 96 80 131 A5
27 BC 62 67 97 73 132 BO
28 BO 63 73 98 67 133 BC
29 A5 64 80 99 5A 134 Cc7
30 98 65 8C 100 4F 135 D1
31 8C 66 98 101 43 136 DA
32 80 67 A5 102 38 137 E2
33 73 68 BO 103 2E 138 EA
34 67 69 BC 104 25 139 FO
35 5A 70 C7 105 1F 140 F6




Data Data Data Data
No (Hex) No (Hex) No (Hex) No (Hex)
141 FA 176 0 211 FA 246 15
142 FD 177 0 212 F6 247 1D
143 FF 178 2 213 FO 248 25
144 FF 179 5 214 EA 249 2E
145 FF 180 9 215 E2 250 38
146 FD 181 OF 216 DA 251 43
147 FA 182 15 217 D1 252 4F
148 F6 183 1D 218 C7 253 5A
149 FO 184 25 219 BC 254 67
150 EA 185 2E 220 BO 255 73
151 E2 186 38 221 A5 256 80
152 DA 187 43 222 98
153 D1 188 4F 223 8C
154 C7 189 5A 224 80
155 BC 190 67 225 73
156 BO 191 73 226 67
157 A5 192 80 227 5A
158 98 193 8C 228 4F
159 8C 194 98 229 43
160 80 195 A5 230 38
161 73 196 BO 231 2E
162 67 197 BC 232 25
163 5A 198 C7 233 1F
164 4F 199 D1 234 15
165 43 200 DA 235 OF
166 38 201 E2 236 9
167 2E 202 EA 237 5
168 25 203 FO 238 2
169 1F 204 F6 239 0
170 15 205 FA 240 0
171 OF 206 FD 241 0
172 9 207 FF 242 2
173 5 208 FF 243 5
174 2 209 FF 244 9
175 0 210 FD 245 OF




Tabel Keluaran ROM Sinus untuk input bit 0 modulasi BFSK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 98 36 DA 71 FD 106 F6
2 BO 37 EA 72 FF 107 EA
3 C7 38 F6 73 FD 108 DA
4 DA 39 FD 74 F6 109 Cc7
5 EA 40 FF 75 EA 110 BO
6 F6 41 FD 76 DA 111 98
7 FD 42 F6 77 C7 112 80
8 FF 43 EA 78 BO 113 67
9 FD 44 DA 79 98 114 4F
10 F6 45 C7 80 80 115 38
11 EA 46 BO 81 67 116 25
12 DA 47 98 82 4F 117 15
13 Cc7 48 80 83 38 118 9
14 BO 49 67 84 25 119 2
15 98 50 4F 85 15 120 0
16 80 51 38 86 9 121 2
17 67 52 25 87 2 122 9
18 4F 53 15 88 0 123 15
19 38 54 9 89 2 124 25
20 25 55 2 90 9 125 38
21 15 56 0 91 15 126 4F
22 9 57 2 92 25 127 67
23 2 58 9 93 38 128 80
24 0 59 15 94 4F 129 98
25 2 60 25 95 67 130 BO
26 9 61 38 96 80 131 Cc7
27 15 62 4F 97 98 132 DA
28 25 63 67 98 BO 133 EA
29 38 64 80 99 C7 134 F6
30 4F 65 98 100 DA 135 FD
31 67 66 BO 101 EA 136 FF
32 80 67 C7 102 F6 137 FD
33 98 68 DA 103 FD 138 F6
34 BO 69 EA 104 FF 139 EA
35 C7 70 F6 105 FD 140 DA




Data Data Data Data
No (Hex) No (Hex) No (Hex) No (Hex)
141 Cc7 176 80 211 38 246 9
142 BO 177 67 212 25 247 2
143 98 178 4F 213 15 248 0
144 80 179 38 214 9 249 2
145 67 180 25 215 2 250 9
146 4F 181 15 216 0 251 15
147 38 182 9 217 2 252 25
148 25 183 2 218 9 253 38
149 15 184 0 219 15 254 4F
150 9 185 2 220 25 255 67
151 2 186 9 221 38 256 80
152 0 187 15 222 4F
153 2 188 25 223 67
154 9 189 38 224 80
155 15 190 4F 225 98
156 25 191 67 226 BO
157 38 192 80 227 C7
158 4F 193 98 228 DA
159 67 194 BO 229 EA
160 80 195 C7 230 F6
161 98 196 DA 231 FD
162 BO 197 EA 232 FF
163 Cc7 198 F6 233 FD
164 DA 199 FD 234 F6
165 EA 200 FF 235 EA
166 F6 201 FD 236 DA
167 FD 202 F6 237 C7
168 FF 203 EA 238 BO
169 FD 204 DA 239 98
170 F6 205 C7 240 80
171 EA 206 BO 241 67
172 DA 207 98 242 4F
173 Cc7 208 80 243 38
174 BO 209 67 244 25
175 98 210 4F 245 15




Tabel Keluaran ROM Sinus untuk input bit 1 modulasi BPSK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 8C 36 4F 71 D1 106 15
2 98 37 43 72 DA 107 OF
3 A5 38 38 73 E2 108 9
4 BO 39 2E 74 EA 109 5
5 BC 40 25 75 FO 110 2
6 C7 41 1F 76 F6 111 0
7 D1 42 15 77 FA 112 0
8 DA 43 OF 78 FD 113 0
9 E2 44 9 79 FF 114 2
10 EA 45 5 80 FF 115 5
11 FO 46 2 81 FF 116 9
12 F6 47 0 82 FD 117 OF
13 FA 48 0 83 FA 118 15
14 FD 49 0 84 F6 119 1D
15 FF 50 2 85 FO 120 25
16 FF 51 5 86 EA 121 2E
17 FF 52 9 87 E2 122 38
18 FD 53 OF 88 DA 123 43
19 FA 54 15 89 D1 124 4F
20 F6 55 1D 90 C7 125 5A
21 FO 56 25 91 BC 126 67
22 EA 57 2E 92 BO 127 73
23 E2 58 38 93 A5 128 80
24 DA 59 43 94 98 129 8C
25 D1 60 4F 95 8C 130 98
26 C7 61 5A 96 80 131 A5
27 BC 62 67 97 73 132 BO
28 BO 63 73 98 67 133 BC
29 A5 64 80 99 5A 134 Cc7
30 98 65 8C 100 4F 135 D1
31 8C 66 98 101 43 136 DA
32 80 67 A5 102 38 137 E2
33 73 68 BO 103 2E 138 EA
34 67 69 BC 104 25 139 FO
35 5A 70 C7 105 1F 140 F6




Data Data Data Data
No (Hex) No (Hex) No (Hex) No (Hex)
141 FA 176 0 211 FA 246 15
142 FD 177 0 212 F6 247 1D
143 FF 178 2 213 FO 248 25
144 FF 179 5 214 EA 249 2E
145 FF 180 9 215 E2 250 38
146 FD 181 OF 216 DA 251 43
147 FA 182 15 217 D1 252 4F
148 F6 183 1D 218 Cc7 253 5A
149 FO 184 25 219 BC 254 67
150 EA 185 2E 220 BO 255 73
151 E2 186 38 221 A5 256 80
152 DA 187 43 222 98
153 D1 188 4F 223 8C
154 C7 189 5A 224 80
155 BC 190 67 225 73
156 BO 191 73 226 67
157 A5 192 80 227 5A
158 98 193 8C 228 4F
159 8C 194 98 229 43
160 80 195 A5 230 38
161 73 196 BO 231 2E
162 67 197 BC 232 25
163 5A 198 Cc7 233 1F
164 4F 199 D1 234 15
165 43 200 DA 235 OF
166 38 201 E2 236 9
167 2E 202 EA 237 5
168 25 203 FO 238 2
169 1F 204 F6 239 0
170 15 205 FA 240 0
171 OF 206 FD 241 0
172 9 207 FF 242 2
173 5 208 FF 243 5
174 2 209 FF 244 9
175 0 210 FD 245 OF




Tabel Keluaran ROM Sinus untuk input bit 0 modulasi BPSK

Data Data Data Data
Step (Hex) No (Hex) No (Hex) No (Hex)

1 73 36 BO 71 2E 106 EA
2 67 37 BC 72 25 107 FO
3 5A 38 C7 73 1D 108 F6
4 4F 39 D1 74 15 109 FA
5 43 40 DA 75 OF 110 FD
6 38 41 E2 76 9 111 FF
7 2E 42 EA 77 5 112 FF
8 25 43 FO 78 2 113 FF
9 1D 44 F6 79 0 114 FD
10 15 45 FA 80 0 115 FA
11 OF 46 FD 81 0 116 F6
12 9 47 FF 82 2 117 FO
13 5 48 FF 83 5 118 EA
14 2 49 FF 84 9 119 E2
15 0 50 FD 85 OF 120 DA
16 0 51 FA 86 15 121 D1
17 0 52 F6 87 1F 122 Cc7
18 2 53 FO 88 25 123 BC
19 5 54 EA 89 2E 124 BO
20 9 55 E2 90 38 125 A5
21 OF 56 DA 91 43 126 98
22 15 57 D1 92 4F 127 8C
23 1F 58 C7 93 5A 128 80
24 25 59 BC 94 67 129 73
25 2E 60 BO 95 73 130 67
26 38 61 A5 96 80 131 5A
27 43 62 98 97 8C 132 4F
28 4F 63 8C 98 98 133 43
29 5A 64 80 99 A5 134 38
30 67 65 73 100 BO 135 2E
31 73 66 67 101 BC 136 25
32 80 67 5A 102 C7 137 1D
33 8C 68 4F 103 D1 138 15
34 98 69 43 104 DA 139 OF
35 A5 70 38 105 E2 140 9




Data Data Data Data

No (Hex) No (Hex) No (Hex) No (Hex)
141 5 176 FF 211 5 246 EA
142 2 177 FF 212 9 247 E2
143 0 178 FD 213 OF 248 DA
144 0 179 FA 214 15 249 D1
145 0 180 F6 215 1F 250 Cc7
146 2 181 FO 216 25 251 BC
147 5 182 EA 217 2E 252 BO
148 9 183 E2 218 38 253 A5
149 OF 184 DA 219 43 254 98
150 15 185 D1 220 4F 255 8C
151 1F 186 C7 221 5A 256 80
152 25 187 BC 222 67

153 2E 188 BO 223 73

154 38 189 A5 224 80

155 43 190 98 225 8C

156 4F 191 8C 226 98

157 5A 192 80 227 A5

158 67 193 73 228 BO

159 73 194 67 229 BC

160 80 195 5A 230 C7

161 8C 196 4F 231 D1

162 98 197 43 232 DA

163 AS 198 38 233 E2

164 BO 199 2E 234 EA

165 BC 200 25 235 FO

166 Cc7 201 1D 236 F6

167 D1 202 15 237 FA

168 DA 203 OF 238 FD

169 E2 204 9 239 FF

170 EA 205 5 240 FF

171 FO 206 2 241 FF

172 F6 207 0 242 FD

173 FA 208 0 243 FA

174 FD 209 0 244 F6

175 FF 210 2 245 FO




TABEL PENGUKURAN LINEARITAS DIGITAL TO ANALOG CONVERTER

V0 DAC (volt)

-5.02
-4.99
-4.95
-4.91
-4.87
-4.83
-4.79
-4.76
-4.71
-4.68
-4.64
-4.60
-4.56
-4.52
-4.48
-4.45
-4.41
-4.37
-4.33
-4.29
-4.26
-4.22
-4.18
-4.14
-4.10
-4.06
-4.02
-3.98
-3.94
-3.91
-3.87
-3.83
-3.79
-3.76
-3.72
-3.68
-3.64

B7

B6

B5

(DAC)
B4

B3

B2

B1

BO

DEC

10

11

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35

36




-3.61
-3.57
-3.53
-3.49
-3.45
-3.41
-3.37
-3.34
-3.30
-3.26
-3.22
-3.18
-3.14
-3.10
-3.06
-3.03
-2.99
-2.95
-2.91
-2.87
-2.83
-2.79
-2.76
-2.72
-2.68
-2.64
-2.60
-2.57
-2.53
-2.49
-2.45
-2.42
-2.38
-2.34
-2.30
-2.26
-2.22
-2.19
-2.15
-2.11

-2.08

37

38
39
40
41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67

68

69
70
71

72
73
74
75
76
77




-2.04
-1.99
-1.96
-1.92
-1.88
-1.84
-1.80
-1.77
-1.73
-1.69
-1.65
-1.61
-1.57
-1.54
-1.50
-1.46
-1.42
-1.38
-1.34
-1.31
-1.27
-1.23
-1.19
-1.15
-1.11
-1.07
-1.03
-0.99
-0.96
-0.92
-0.88
-0.84
-0.80
-0.76
-0.73
-0.70
-0.66
-0.62
-0.58
-0.54
-0.51

78
79
80
81

82
83
84
85

86
87
88

89
90
91

92

93
94
95
96
97

98
99
100
101
102
103
104

105
106
107
108
109
110
111

112

113

114

115

116

117

118




-0.47
-0.43
-0.39
-0.35
-0.31
-0.27
-0.23
-0.19
-0.15
-0.12
-0.08
-0.05
-0.01
0.03
0.07
0.11

0.15
0.19
0.23
0.27
0.30
0.34
0.37
0.41

0.45
0.49
0.53
0.57
0.61

0.65
0.69
0.73
0.77
0.80
0.84
0.88
0.92
0.96
0.98
1.02
1.06

119

120

121

122
123
124

125
126
127
128
129
130

131

132
133
134

135
136
137
138
139
140

141

142

143

144

145

146

147

148

149

150

151

152
153
154

155
156
157
158
159




1.10
1.14
1.18
1.22
1.26
1.30
1.33
1.37
1.41
1.45
1.49
1.53
1.57
1.60
1.64
1.68
1.72
1.76
1.80
1.84
1.88
1.90
1.94
1.98
2.02
2.06
2.10
2.14
2.17
2.21
2.25
2.28
2.32
2.36
2.40
2.44
2.48
2.52
2.56
2.60
2.64

160
161
162
163
164

165
166
167
168
169
170
171
172
173
174

175
176
177
178
179
180
181
182
183
184

185
186
187
188
189
190
191
192
193
194

195
196
197
198
199
200




2.68
2.71
2.75
2.79
2.83
2.87
2.91
2.94
2.98
3.02
3.06
3.09
3.13
3.17
3.21
3.25
3.29
3.33
3.37
3.40
3.44
3.48
3.52
3.56
3.60
3.64
3.68
3.72
3.76
3.80
3.84
3.88
3.91
3.95
3.98
4.01
4.05
4.09
4.13
4.17
4.20

201
202
203
204
205
206
207
208
209
210

211

212

213

214

215

216

217

218

219

220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241




4.24
4.28
4.32
4.36
4.40
4.44
4.48
4.51
4.55
4.59
4.63
4.67
4.70
4.74

242
243

244

245
246

247

248

249

250
251

252
253
254
255




Tabel Pengukuran Karakteristik Frekuensi Lowpass

No Frekuensi (Hz) Vout (Volt)
39 8500 4.00
40 9000 4.00
41 9500 4.00
42 10000 4.00
43 15000 4.00
44 20000 4.00
45 25000 3.90
46 30000 3.87
47 35000 3.80
48 40000 3.70
49 45000 3.63
50 50000 3.60
51 55000 3.52
52 60000 3.40
53 65000 3.30
54 70000 3.22
55 75000 3.10
56 80000 3.00
57 85000 2.90
58 90000 2.90
59 95000 2.80
60 100000 2.60
61 110000 2.40
62 120000 2.20
63 130000 2.00
64 140000 1.80
65 150000 1.40
66 160000 1.10
67 170000 0.80
68 180000 0.50
69 190000 0.30
70 200000 0.20
71 210000 0.15
72 220000 0.10
73 230000 0.10

No | Frekuensi (Hz) Vout (Volt)
1 150 4.20
2 300 4.20
3 400 4.20
4 500 4.20
5 600 4.20
6 700 4.20
7 800 4.20
8 900 4.20
9 1000 4.20

10 1100 4.20

11 1200 4.20
12 1300 4.20
13 1400 4.20
14 1500 4.20
15 1600 4.15
16 1700 4.15
17 1800 4.15
18 1900 4.15
19 2000 4.15

20 2200 4.15

21 2400 4.15

22 2600 4.15

23 2800 4.15

24 3000 4.15

25 3200 4.15

26 3400 4.15

27 3600 4.00

28 3800 4.00

29 4000 4.00

30 4400 4.00

31 4800 4.00

32 5200 4.00

33 5600 4.00

34 6000 4.00
35 6500 4.00
36 7000 4.00
37 7500 4.00
38 8000 4.00
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; Modulator Digital BASK, BPSK, BFSK dgn Metoda DDS(Direct Digital Synthesis)
; Nama : Wi.Arbi.Kamto

; NRP : 0122006

; Dosen: Ir Daniel Setiadikurnia., MT

; Modulator Digital BASK, BPSK, BFSK dgn Metoda DDS(Direct Digital Synthesis)

— Pin Assignment

;LCD:

; DI-D8 > p0
s equ  p3.5
™ cqu p3.6
en equ p3.7

; KEYPAD :

coll equ pl4
col2 equ pl.5
col3 equ pl.6
rowl equ pl.3
row?2 equ pl.2
row3 equ pl.l
row4 equ pl.0
; DAC 0800 :

dac_data equ  p2

; Clock Out :
clock out equ p34
clock in equ  p3.3

— Buffer
; bit :
pressf bit 00h
timer0 flag bit  Olh
; byte :

ascii_buff  equ  30h
timer0 buff equ 31h

temp 1 equ  32h

temp 2 equ  33h
S —— Page Zero
org 0000h

sjmp init



---------- Inisialisasi

........... Mian Program

org 000bh
ljmp timerO

9

org 0030h
mov sp,#4th

mov th0,#0ffh ;,60mS
mov tl0,#0c3h

clr clock out

mov timer()_buff,#20

setb timer0_flag

mov tmod,#01h
mov ie,#10000010b
mov tcon,#00001100b

call init lcd ;inisialisasi LCD

b

call clr_scr

mov dptr,#msgl ;
call linel

mov dptr,#msg2 ;
call line2

call delay 500ms
call delay 500ms
call delay 500ms
call delay 500ms

select mod:

call clr_scr

mov dptr,#msg3 ;
call linel

mov dptr,#msg4 ;
call line2

chk select:  call qchk

jnb pressf,chk select
mov a,ascii_buff
cjne a,#'l',chk 2
call clr_scr
mov dptr,#msg5 ;



chk 2:

chk 3:

call linel

jb clock in,$

mov dptr,#rom_sinus
jmp bask

cjne a,#2',chk 3

call cIr_scr

mov dptr,#msg5

call linel

jb clock in,$

mov dptr,#rom_sinus
jmp bfsk

cjne a,#'3',chk_select
call clr_scr

mov dptr,#msg5

call linel

jb clock in,$

mov dptr,#rom_sinus
jmp bpsk

b

bask:

_no_sinus:

jnb clock in, no_sinus
call sinus_1x

jmp bask

call no_sinus

jmp bask

2

bfsk:

_sinus_2x:

jnb clock in, sinus 2x
call sinus_1x
jmp bfsk

call sinus_2x
call sinus_2x
jmp bfsk

2

bpsk:

_anti_sinus:

jnb clock in, anti sinus
mov dptr,#rom_sinus
call sinus_1x

jmp bpsk

call anti_sinus

jmp bpsk

b



b

sinus_1x:

inc dpl

inc dpl

inc dpl

inc dpl

clra

movc a,@a+dptr
mov dac_data,a
ret

b

b

sinus_2x:

inc dpl

inc dpl

inc dpl

inc dpl

inc dpl

inc dpl

inc dpl

inc dpl

clra

movc a,@a+dptr
mov dac_data,a
ret

2

b

anti_sinus:

dec dpl

dec dpl

dec dpl

dec dpl

clra

movc a,@a+dptr
mov dac_data,a
ret

b

2

no_sinus:

mov dac_data, #(0fth-078h)
mov dac_data,#(0fth-078h)
mov dac_data, #(0fth-078h)
mov dac_data,#(0fth-078h)
ret

b



pad_1:

pad 2:

pad_3:

----------- Timer O

mov th0,#0ffth
mov tl0,#0c3h
cpl clock out
reti

:60mS

clr pressf

clr rowl
jbcoll,pad_1

call delay 30ms
jnb coll,$

mov ascii_buff,#'1'
setb row1

ljmp pad 12

b

jbcol2,pad 2

call delay 30ms
jnb col2,$

mov ascii_buff,#?2'
setb row1

ljmp pad 12

>

jb col3,pad 3

call delay 30ms
jnb col3,$

mov ascii_buff,#'3'
setb row1

ljmp pad 12

2

setb row1

clr row?2

jb coll,pad 4

call delay 30ms
jnb coll,$

mov ascii_buff,#'4'
setb row2

ljmp pad 12

2



pad 4:

pad_5:

pad_6:

pad_7:

pad_8:

pad O:

jbcol2,pad 5

call delay 30ms
jnb col2,$

mov ascii_buff,#'5'
setb row?2

ljmp pad_12

9

jb col3,pad 6

call delay 30ms
jnb col3,$

mov ascii_buff,#'6'
setb row2

ljmp pad_12

b

setb row?2

clr row3

jb coll,pad 7

call delay 30ms
jnb coll,$

mov ascii_buff,#7'
setb row3

jmp pad_12

b

jbcol2,pad 8

call delay 30ms
jnb col2,$

mov ascii_buff,#'8§'
setb row3

sjmp pad_12

b

jbcol3,pad 9

call delay 30ms
jnb col3,$

mov ascii_buff,#9'
setb row3

sjmp pad 12

b

setb row3
clr row4
jbcoll,pad 10



call delay 30ms
jnb coll,$
mov ascii_buff,#*'
setb row4
sjmp pad_12
pad 10:
jbcol2,pad 11
call delay 30ms
jnb col2,$
mov ascii_buff,#'0’
setb row4
sjmp pad_12
pad_11:
jb col3,exitkeypad
call delay 30ms
jnb col3,$
mov ascii_buff, ##'
setb row4
pad_12:
setb pressf
exitkeypad:
setb row4
ret

S LCD 2X20

linel: push acc
mov acc,#80h
call iwr
call line
pop acc
ret
line2: push acc
mov acc,#0cOh
call iwr
call line
pop acc
ret
line: clra
movc a,@a+dptr
cjne a,#0fth,go_on
ret
go on: call dwr
inc dptr



jmp line

b

dwr: mov p0,a
setb rs
clr rw
setb en
clren

call delay 1ms

ret
iwr_1:  mov p0,a

clrrs

clr rw

setb en

clren

call delay 10ms

ret
5

wr: mov p0,a
clrrs
clr rw
setb en
clren

call delay 1ms

ret

clr_scr: push acc
mov a,#01h
call iwr 1
pop acc
ret

blink: push acc
mov a,#0dh
call iwr
pop acc
ret

stopblink: push acc
mov a,#0ch
call iwr
pop acc
ret

2

;kirim data di a ke p0
rs=1
aw =0
;en=1
;en=0

;tunggu 1ms

;kirim data di a ke p0
s=10
aw =0
;en=1
;en=0

;tunggu 10ms

;kirim data di a ke p0
s=10
aw =0
;en=1
;en=0

;tunggu 1ms

; clear display

;blink char



init_lcd: push acc
call delay 30ms
clra
mov a,#30h
call iwr 1
call iwr 1
call iwr 1
mov a,#38h
call iwr 1
mov a,#08h
call iwr 1
mov a,#01h
call iwr 1
mov a,#06h
call iwr 1
mov a,#0ch
call iwr 1
pop acc
ret

Charakter Are

: db'

: db'NRP : 0122006

: db'Modulator: (1)BAS
: db'(2)BFSK (3)BPSK

. db'Press Reset -> Stop

: db'Nama: Wi Arbi Kamto

;interface is 8*bit long

;display off

;display off

;inc

a

', Ofth;
' Ofth;
' Ofth;
' 0ffh;
' 0fth;
' Ofth;

K

mov r6,#80
djnz r6,loop1
ret

delay 1ms:
loopl:

9

mov 15,#20
mov 16,#250
djnz r6,loop4
djnz r5,loop3
ret

delay 10ms:
loop3:
loop4:

3

mov r5,#60
mov 16,#250

delay 30ms:
loop10:

2

2

b



loopl11: djnz r6,loop11

djnz r5,loop10
ret

2

delay 100ms: mov 15,#200 ;

loop5:
loop6:

mov r6,#250
djnz 16,loop6
djnz r5,loop5
ret

9

delay 500ms: mov r5,#4
loopl15: mov 16,#250
loop16: mov 1r7,#250
loop17: djnz r7,loop17

djnz r6,loop16
djnz r5,loop15
ret

---------- Look Up Table (ROM Sinus)

rom_sinus:

db 080h, 083h, 086h, 089h, 08ch, 08fh, 092h, 095h, 098h, 09ch, 09fh
db 0a2h, 0a5h, 0a8h, Oabh, Oach, ObOh, 0b3h, 0b6h, Ob9h, Obch, Obfh
db Oclh, Oc4h, Oc7h, 0c9h, Occh, Oceh, 0d1h, 0d3h, 0d5h, 0d8h, Odah
db 0dch, Odeh, 0eOh, Oe2h, Oe4h, Oe6h, 0Oe8h, Ocah, Occh, Oedh, Ocfh
db 0f0h, 0f2h, 0f3h, 0fSh, 0f6h, 0f7h, 0f8h, 0f9h, Ofah, Ofbh, Ofch

db Ofch, 0fdh, Ofeh, Ofeh, Offh, Ofth, Offh, Ofth, Offh, Offth, Offh

db 0fth, 0ffh, Ofth, Offh, Ofeh, Ofeh, Ofdh, Ofch, Ofch, Ofbh, Ofah

db 0f9h, 0f8h, 0f7h, 0f6h, 0fSh, 0f3h, 0f2h, 0fOh, Oefth, Oedh, Oech

db Oeah, 0e8h, Oe6h, 0edh, Oc2h, 0eOh, Odeh, Odch, Odah, 0d8h, 0d5h
db 0d3h, 0d1h, Oceh, Occh, 0c9h, Oc7h, Ocdh, Oclh, Obfh, Obch, 0bSh
db 0b6h, 0b3h, ObOh, Oach, Oabh, 0a8h, 0a5h, 0a2h, 09fh, 09ch, 098h
db 095h, 092h, 08fh, 08ch, 089h, 086h, 083h, 080h, 080h, 07ch, 079h
db 073h, 070h, 06dh, 06ah, 067h, 063h, 060h, 05dh, 05ah, 057h, 054h
db 051h, 04fh, 04ch, 049h, 046h, 043h, 040h, 03eh, 03bh, 038h, 036h
db 033h, 031h, 02¢h, 02ch, 02ah, 027h, 025h, 023h, 021h, 01fh, 01fh
db 01bh, 019h, 017h, 015h, 013h, 012h, 010h, 00fh, 00dh, 00ch, 00ah
db 009h, 008h, 007h, 006h, 005h, 004h, 003h, 003h, 002h, 001h, 000h
db 000h, 000h, 000h, 000h, 000h, 000h, 000h, 000h, 000h, 000h, 000h
db 001h, 001h, 002h, 003h, 003h, 004h, 005h, 006h, 007h, 008h, 009h
db 00ah, 00ch, 00dh, 00fh, 010h, 012h, 013h, 015h, 017h, 019h, 01bh
db 01dh, 01th, 021h, 023h, 025h, 027h, 02ah, 02ch, 02¢h, 031h, 033h
db 036h, 038h, 03bh, 03eh, 040h, 043h, 046h, 049h, 04ch, 04fh, 051h
db 054h, 057h, 05ah, 05dh, 060h, 063h, 067h, 06ah, 06dh, 070h, 073h
db 076h, 079h, 07ch

End
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Features

+ Compatible with MCS-51™ Products

8K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Pragram Memory Lock

256 x 8-Bit Internal RAM

+ 32 Programmable /O Lines

Three 16-Bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The ATB9C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high density nonvolatile memory technology and is
compatible with the industry standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT88C52 is a powerful microcomputer
which provides a highly flexible and cost effective solution to many embedded control

applications. (continued)
Pin Configurations PDIP
) Ly .
T2y P1.O A 40 b Voo
(T2 EX) P11 2 30 b P00 (ADD)
[ERE= ] 3B [P (ADT)
SRE=F AT pPoE (ADZ)
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Pis o6 35 QP04 (AD4)
[ANCN= N 34 O P0.s (ADS)
A= 33 QP0G (ADE)
PQFPTQFP RET O o 32 QP07 (ADT)
— (RXD) P20 10 31 g ERIVPP
i PR (THD) 30 B ALE/PROG
~& oDooo 20 0 PSEN
o 2EAPLT (A1S)
INDE X - - 2TEPZE (A1)
CORMER RN, 8858s 26 QP25 (A13)
peoLonZ=oo00 25 QP24 (A12)
\4 annonannnann 24 QP22 (A1)
a4, 47, 4038 36 34 23fp22 (atn)
P15 01 an AP0 (AD4) 22 R2.1 (AD)
TN E=F] 3z APO.5 (ADS) GND O 20 21 0 P2.0 [AB)
P17 3 31 QP0G (ADE)
RET ] 4 a0 gPO.T (ADT)
(RXD) P3.0C] 5 28 OEAIVPP . .
ned s 28 QNG B8PLCC
(TXD) P3AC] T 27T OALE/IPROG
(TATT) P32z & 26 OPSEN =
(IMNT1) P3.a ] @ 25 OP2.T (A15) wo Soam
RORERT=R bPz.6 (a1d) pe 2RLS
(T1) Pa.5 1 bBrz.s (a13) INDEX e ITEEE
- aemm
CoRNER S ORT2, 07700
\‘nuu&nz.‘:nnnn
P16 (ADA)
P16 5 (ADE)
P17 (ADE)
RST 0.7 (ADT)
(RXD) P3.0 VPP
NC (
(TR0} P30 B ALE/FRTG
(INTD) P3.2 [ FSEN
(TATA) P23 BPz7 (A1)
(TO) P3.416 30EP2.6 (A14)
(T1) P26 73, 25,2 ZOEIP2.5 (A13)
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s A T89C 52

The AT89CS52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 1/O lines, three 16-hit
timer/counters, a six-vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT83C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional IO port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configurad to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups.

Part 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to he the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger
and direction contral)

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.
Port 2 also receives the high-order address bits and some
control sighals during Flash programming and verification.

Port 3

Part 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I,.) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

AIMEL

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 TNTT (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P34 TO (timer 0 external input)

P35 T1 (timer 1 external input)

P36 WR (external data memory write strobe)

p3.7 RO (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALEPROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT83C52 SFR Map and Reset Values

EAIVpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory |ocations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF&H OFFH
CFOH B - OF7H
Q0000000
OE8H OEFH
OEOH OETH
oDzH ODFH
; PSW .

ODOH 00000000 0D7H

T2CON T2ZMOD TLZ2 THZ .
OCBH [ aoooooon | xoxxxxxon 00000000 | 00000000 OCFH
OCOH OCTH
OB8H OBFH
_— P2 -
OBOH 1 441911114 CETH
o | E OAFH

0X000000

” P2 o

COAOH 1111111 OATH
SCO SBEUF
08 [+]
BH 1 ooocooon | xeooooax 2lix
- F1

a0 a7

OH A 41991919 ITH

e T TLO LY THO TH1 sk

00000000 00000000 00000000 00000000 00000000

o FO SP DPL DPH C o

30H 11111111 Qooan111 Q0000000 Q0000000 X X0000 87H
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON—Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status hits are contained
in registers T2CON (shown in Table 2) and T2MOD (shown
in Table 4) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in
16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable hits
are in the |E register. Two priorities can be set for each of
the six interrupt sources in the IP register.

T2CON Address = 0CEH

Bit Addressable

Reset Value = 0000 0000B

Bit TF2 EXF2 RCLK TCLK EXENZ TR2 CiT2 CPRLZ

7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10or TCLK=1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXENZ =
1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2
must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXENZ Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2ZEX
if Timer 2 is not being used to clock the serial port. EXENZ = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start'Stop control for Timer 2. TR2 = 1 starts the timer.

cimz Timer or counter select for Timer 2. C/TZ = 0 for timer function. C/TZ = 1 for external event counter {falling edge
triggered).

CPRLZ Capture/Reload select. CP/RLZ = 1 causes capturas to occur on negative transitions at T2EX if EXEN2 = 1. CPR[Z
= () causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at TZEX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The ATB9C52 implements 256 bytes of on-chip RAM. The
upper 128 hytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location OAOH {which is P2).

MOV ODAOH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAQH, accesses
the data byte at address OAQH, rather than P2 (whose
address is 0AOH).

MOV &R0, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/TZ in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
{up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator fre-
quency.

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CPIRLZ | TR2 | MODE
0 0 1 16-Bit Auto-Reload
0 1 1 16-Bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples

Figure 1. Timer in Capture Mode

show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-hit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 =1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR TZMOD (see Table 4). Upon reset, the DCEN hit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the TZEX pin.

0sC +12 _
Ci2 = 0
P — .
_o/!/o_—p{ e | 12 [ R |
i OVERFLOW
| CoNTROL OVERFLOW
DQ [“.'_2 = L »
P CAPTURE
RCAPZH | RCAP2L
TRANSITION TIMER 2
CTO -
DETECTOR INTERRUPT
TEXPIN[J—% 4 D”,/O =
i

| conTROL

EXENZ
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXENZ in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The over-
flow also causes the timer registers to be reloaded with the
16-bit value in RCAP2H and RCAP2L. The values in Timer
in Capture ModeRCAP2H and RCAP2L are preset by soft-
ware. I EXENZ =1, a 16-bit reload can be triggered either
by an overflow or by a 1-to-0 transition at external input
T2EX. This transition also sets the EXF2 bit. Both the TF2
and EXF2 hits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

Figure 2. Timer 2 Auto Reload Mode (DCEN =0)

0sC —e 12

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

Alogic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TLZ2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

! H | TR
| CONTROL A A
B TR2 \
0 | o2 = 1 T ¥
T2 PIN TIMER 2
- - INTERRUPT
RCAP2ZL
. TF2
TRANSITION
DETECTOR
T2EX PIN [J—— ~ % o//c EXF2
|

Table 4. T2MOD—Timer 2 Mode Control Register

| ConTRoL
N2

T2MOD Address = 0C9H

Not Bit Addressable

Reset Value = XXXX XX00B

T20E DCEN

Bit 7 6

on
=

3 2 1 0

Symbol Function

— Mot implemented, reserved for future

T20E Timer 2 Cutput Enable bit.

DCEN

When set, this bit allows Timer 2 to be configured as an up/down counter.

AIMEL
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

T2 PIN

Figure 4. Timer 2 in Baud Rate Generator Mode

. +2

r MNOTE: OSC. FREQ. |5 DIVIDED BY 2, NOT 12

T2 PIN
TRANSITION
DETECTOR
TEX PN —  a_

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH | oFFH ~ o em
T
M M overrLOW
: T 1 . ;
—0"|/o——b| H | T2 > TF2
| CoNTROL
TR2 / N 1
] TIMER 2
INTERRUPT
RCAPZH | RoAP2L 4
COUNT
(UP COUNTING RELOAD VALUE) DIRECTION
0=DOWN
T2EX PIN
TIMER 1 OVERFLOW
SHOD!
oo TH2 TL2
! Rx
CONTROL CLOCK
TR2 A" . —*
RCAP2H | RCAP2L T«
cLOCK
i
: TIMER 2
OA/O EXF2 % INTERRUPT
|
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the baud
rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for
the other function. Setting RCLK and/or TCLK puts Timer 2
into its baud rate generator made, as shown in Figure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in THZ causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates =
16

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/TZ = 0). The timer operation is different for
Timer 2 when itis used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-Out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3
Baud Rate

Oscillator Frequency
32 % 65536 - (RCAP2H.RCAPZL)|

where (RCAP2H, RCAPZL) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in THZ2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-t0-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TLZ should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAPZ registers.

&

prof \

oTe TL2 TH2
1 © (8-BITS) | (8-BITS)

— CT2 BT

RCAPZL | RCAPZH

/

(T2 \

p1 Y

T20E (TZMOD.1)

TIMER 2

(T2EX) \ I

EXENZ
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 1/O pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

Table 5. Interrupt Enable (IE) Register

(MSB)

(LSB)

| EA | — | ETZ | ES | ET1 | EX1 | ETO | EX0 |

Enable Bit=1 enables the interrupt.

Enable Bit =0 disables the interrupt.

To configure the Timer/Counter 2 as a clock generator, bit Symbol Position Function
C/T2 {T2CON.1) must be cleared and bit T20E (T2MOD.1) y e Disables all nerm TEA=0
must be set, Bit TR2 (T2CON.2) starts and stops the timer a : isables allInterrupts. It EA = J,

B ' e ) o no interrupt is acknowledged. If
The clock-out frequency depends on the oscillator fre- EA =1, sach interrupt source is
quency and the reload value of Timer 2 capture registers individually enabled or disabled
(RCAPZ2H, RCAPZL), as shown in the following equation. by setting or clearing its enable

; - Eaniin bit.
- . Oscillator Fequency

Clock-Out Frequency = 725 —(RCAPZHRCAPZL)| ~ = E—
In the clock-out mode, Timer 2 roll-overs will not generate ET2 IE.5 Timer 2 interrupt enable bit.
an interrupt. This behavior is similar to when Timer 2 is o .
used as a baud-rate generator. It is possible to use Timer 2 | =5 L= sl T LS
as a haud-rate generator and a clock generator simulta- ET1 IE.3 Timer 1 interrupt enable bit.
neously;_Note: however, that_the b_aud—rate and clock-out EX1 E2 External intefrupt 1 enable bt
frequencies cannot be determined independently from one _ . .
another since they both use RCAP2H and RCAPZL. ETO IEA Timer 0 interrupt enable bit.

EX0 IE.O External interrupt 0 enable bit.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

User software should never write 1s to unimplemented bits,
because they may be used in future ATAS products.

Figure 6. Interrupt Sources

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INTT), three timer interrupts (Tim-
ers 0, 1, and 2), and the serial port interrupt. These inter-
rupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a hit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 5 shows that bit position |E.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also unimple-
mented. User software should not write 1s to these bit posi-
tions, since they may be used in future AT89 products.
Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at

S5P2 of the cycle in which the timers overflow. The values TF2

are then polled by the circuitry in the next cycle. However, EXF2 :D—'
the Timer 2 flag, TF2, is set at S2P2 and is polled in the

same cycle in which the timer overflows.
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power Down Mode

In the power down mode, the oscillator is stopped, and the
instruction that invokes power down is the last instruction

restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Figure 7. Oscillator Connactions

c2
3 I XTALZ
C1

-—})—I— XTAL1

MNote:  C1,C2 =30 pF £ 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC — XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

executed. The on-chip RAM and Special Function Regis- GND

ters retain their values until the power down mode is termi- |

nated. The only exit from power down is a hardware reset. =

Reset redefines the SFRs but does not change the on-chip -

RAM. The reset should not be activated before V¢ is

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE | PSEN PORTO PORT1 PORT2 PORT3
Iclle Internal 1 1 Data Data Data Data
Iclle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

AIMEL i
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Program Memory Lock Bits

The AT89CS52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 U U U Mo program lock features.

2 P U U MOV C instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memary, EX is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disablad.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89CS52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(V) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB89C52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The ATB9CS52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

4-72

Vpp =12V Vpp =5V
Top-Side Mark AT89CS2 ATB9C52
XHAX XHHKA-5
Signature (030H)=1EH (030H)=1EH
(031H)=52H (031H)=52H
(032H)=FFH (032H)=05H

The AT89CS52 code memory array is programmed hyte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
ATBAC52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figures 9 and 10. To program the AT89C52, take the fol-
lowing steps.

1. Input the desired memory location on the address
lines.

Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

Raise EAIVgp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

BN
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Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{030H) = 1EH indicates manufactured by Atmel
{031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming
{032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANpp P26 P2.7 P36 P3.7
Write Code Data H L HM12v L H H H
~_
Read Code Data H L H H L H
Write Lock Bit - 1 H L H12 H H H
~
Bit-2 H L H12 H H L L
~
Bit-3 H L H12 H L H L
~
Chip Erase H L 1) Hi12v H L L L
N A
Read Signature Byte H L H H L L L L

Note: 1. Chip Erase requires a 10-ms PROG pulse.

AIMEL
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Figure 9. Programming the Flash Memary Figure 10. Verifying the Flash Memory
+5V +5V
o AT89C52 j o AT89CS2 j
oor, A ATyl py Ve ~ appr. ML ATy py Voo A
'H”FFFEB — ¥ P20 P24 PO [4— P ""'H"'1FFF£|;; F';:J.O -P24 PO _PEUJEUEEE
—m P26 —m F2.6 !
SEE FLASH —m P27 ALE |#—— PROG SEE FLASH —m P27 ALE o
PROGRAMMING PROGRAMMING
MODES TABLE | —®{ P38 MODES TABLE | —#| P36 '
— P37 —m P37
» XTAL2 EA — VyVip ’ XTAL2 EA u
3-24 MHz I 3-24 MHz I
O] W -
# f XTALY RST W—— Wy XTAL1 RST —— Vi
GND PSEM GND PSEN
1 L
Flash Programming and Verification Characteristics
Ta=0"Cto 70°C, Vo = 5.0 + 10%
Symbol Parameter Min Max Units
ypplt Programming Enable Voltage 11.5 125
Ippt Programming Enable Current 1.0 mA
Mool Oscillator Freguency 3 24 MHz
tavoL Address Setup to PROG Low 48ty o
toHax Address Hold After PROG 48tc) oL
touaL Data Setup to PROG Low 48tc) oL
toHDx Data Hold After PROG 4810 oL
teHsH P2.7 (ENABLE) High to Vpp 48t oL
tspaL Vpp Setup to PROG Low 10 us
tapg " Vpp Hold After PROG 10 us
ta aH PROG Width 1 110 us
tavay Address to Data Valid 48t o
teLay ENABLE Low to Data Valid 48t oL
teHO? Data Float After ENABLE 0 48tcicL
taHEL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Mote: 1. Only used in 12-volt programming mode.

474 AT89C52 mees—————————



AT89C52

Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P10 - P17 PROGRAMMING VERIFICATION
— tuay

PORT 0 —‘L_. DATA IN | DATA QUT p———
i tver  loHox '_" i
AVGL Ly # lahax
ALE/PROG
tspoL [ ety — lohsL
__ 7_____"‘_"@ _________ LOGIC 1
AN ] e eeo_____ .
*— lensn
P2.7
(ENABLE)
taHpL —™
P34 _
(RDY/ESY)

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp=5V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P24 _— ADDRESS ﬂ ADDRESS
— tay
PORT 0 —<L_. DATA IN | DATA QUT b———
tovaL IGHD)(‘_"
t,q\,fGL tGH.ﬂ\)(
ALE/PROG
tsoL et
—_ LOGIC 1
EMNe S Logic o] ____
—t —t
o EHSH teay e~ e
(ENABLE)
toHeL =
P3.4
(RDY/BSY) READY

AIMEL L
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S
Absolute Maximum Ratings*
Operating Temparature . .........o..oo.ooovcroveeo e -55°C to +125°C "NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature .. -65°C to +150°C age to the device. This is a stress rating anly and
functional operation of the device at these or any
‘oltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ... 1.0V to +7.0V operational sections of this specification is not
_ o - implied. Exposure to absolute maximum rating
Maximum Operating Voltage. ... 6.6Y conditions for extended periods may affect
device reliability.
DC Output Curmrent ..o 15.0 mA - v

DC Characteristics
The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 5.0V + 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
WL Input Low Voltage {Except EA) -0.5 0.2 V0.1
YL Input Low ae (ER) -0.5 0.2Vpe-0.3
Wiy Input High Voltage (Except XTALT, RST) 0.2 Vpgt0.9 Vee+0.5
Vigt Input High Voltage (XTAL1, RST) 0.7 Ve Vgt 5
Yol loL=1.6mA 0.45
VoL loL = 2.2 mA 0.45
Yo Cutput High Voltage loy = -60 1A, Vg = 5V £ 10% 24
(Ports 1,2,3, ALE, FSEN) v = 25 1 075 Ve
loy =-10 LA 0.9 Vg |
Vo Qutput High Voltage lon = -B00 1A, Vg = 5V + 10% 24
(Port Oin External Bus Maocle) lop = -300 1A
lon = -B0 1A 0.9 Vg
I Logical O Input Current (Ports 1,2,3) -50 LA
ITL Logical 1to 0 Transition Current 650 LA
(Ports 1,2,3)
I Input Leakage Current (Port 0, ER) 0.45 <V < Voo +10 LA
RRET Reset Pulldown Resistor 50 200 KLL
Cio Fin Capacitance Test Freg. = 1 MHz, Ta = 25°C 10 nF
lco Power Supply Current Active Mode, 12 MHz 25 mA
Idle Made, 12 MHz 6.5 mA
Power Down Made!!) Vee 100 nA
Vog =3V 40 nA

Notes: 1. Under steady state (non-transient) conditions, lop must be externally limited as follows:
Maximum Iy per port pin: 10 mA
Maximum g per 8-bit part:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total |~ for all output pins: 71 mA
If I exceeds the test condition, ¥y may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

2. Minimum Ve for Power Down is 2V,
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

outputs = 80 pF.

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator Variahle Oscillator Units
Min Max Min Max
MeLeL Oscillator Frequency 0 24 WHz
tHLL ALE Pulse Width 127 2y 40 ns
taiL Address Valid to ALE Low 43 top =12 ns
tLax Address Hold After ALE Low 48 top o -20 ns
ty ALE Low to Valid Instruction In 233 Hey oL 65 ns
tLpL ALE Low to PSEN Low 43 toLel-13 ns
tpLPH PSEN Pulse Width 205 3o oL-20 ns
topy PSEN Low to Valid Instruction In 145 Hpy o 45 ns
tey Input Instruction Hold After PSEN 0 0 ns
toyz Input Instruction Float After PSEN 59 topc-10 ns
toyay PSEN to Address Valid 75 tooL8 ns
L Address to Valid Instruction In 312 5ty o 55 ns
tpLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 Btc o -100 ns
[ WR Pulse Width 400 Bty g -100 ns
tre oy RO Low to Valid Data In 252 Sty 90 ns
thHDX Data Hold After RD 0 0 ns
tRHDZ Data Float After RD a7 2te 128 ns
b Lov ALE Low to Valid Data In 517 Bty g -150 ns
tavoy Address to Valid Data In 585 Itc oL -165 ns
oL ALE Low to RD or WR Low 200 300 oo -50 3t L +50 ns
b Address to RD or WR Low 203 Mol -T5 ns
tonnx Data Valid to WR Transition 23 top o -20 ns
tovn Data Valid to WR High 433 Tto o120 ns
tohox Data Hold After WR 33 te o -20 ns
trLaz RO Low to Address Float 0 0 ns
twHLH RD or WR High to ALE High 43 123 to cL-20 to oL +25 ns

AIMEL
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External Program Memory Read Cycle

L —™
ALE

¥ topy
t)’WLL b tLLI\“
) —m lup — !
PSEN / * Moy
— [t
ILLAX N PLAZ tF‘)(II{
Toyi—»
PORT 0 > A0-A7  P——INSTRIN B> AD-AT >
o tg\.q\; ™
PORT 2 X A8 -AT5 S AB-Al5
External Data Memory Read Cycle
b —
ALE
™ Uiy
PSEN /
J tLLD‘J _\—/
je— tpipn —»
— by —
RD Tt ax—W ]
et — toioy trHpz
) laLaz ™ t
— RHDX
PORT 0 > A0 - A7 FROM RI OR DPLYC) K DATA INJDERCA0 - A7 FROM PCLY~ INSTR IN
Laywt
d IA\JD\; P
PORT 2 ) P20 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

4-78
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External Data Memory Write Cycle

L y—n
ALE M
—¥ baHLH
PSEN

— f . —— L —»
WR yd

—1 | ax

e— L — tavwx M —M *— typox
— lovin —

PORT 0 K A0 - AT FROM RI OR DFL DATA OUT I A0 - A7 FROW PCL-CINSTR IN

¥

N tavw

~

PORT 2

P20 - P27 OR A8 - A15 FROM DPH X AG - A15 FROM PCH

External Clock Drive Waveforms

tenex
torcy —™ 4 toncL

0.45V v u L

— toiox — ¥

forcL
External Clock Drive
Symbeol Parameter Min Max Units
MeLeL Oscillator Frequency 0 24 WMHz
toLoL Clock Period 4.6 ns
tenex High Time 15 ns
torox Low Time 15 ns
toicH Rise Time 20 ns
tcHoL Fall Time 20 ns

AIMEL e
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Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for V¢ = 5.0V + 20% and Load Capacitance = 80 pF.

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

tye L Serial Port Clock Cycle Time 1.0 12t 00 us

towH Output Data Setup to Clock Rising Edge 700 10tz ¢ 133 ns

tyHax Output Data Hold After Clock Rising Edge 50 2t o117 ns

tyHox Input Data Hold After Clock Rising Edge 0 0 ns

tyHoy Clock Rising Edge to Input Data Valid 700 10tgy ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTICJN|0|1|2|3|4|5|Ei|?|8|

ae LTIy e e

G e e s Y s O O
v j—]
| —b)-ftxra!zx
WRITE TO SBUF 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7
— et
OUTPUT DATA baro f— [ oo SETTIT

| CLEARRI |
v

INPUT DATA

AC Testing Input/Output Waveforms!'") Float Waveforms!'"

Vgg- 05V

02 Vgg + 0.0V

TEST POINTS

Timing Reference
Faints

02 Vpp - 01V Yy oapy 01V Y+ 0V
045V e LOAD oL
Note: 1. AC Inputs during testing are driven at Vg - 0.5V Note: 1. Fortiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from load voltage occurs. A
surements are made at v,y min. for a logic 1and V) port pin begins to float when a 100 mV change from
rax. for a logic 0. the loaded Vop/Voy level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% ATBICH2-12AC 444 Commercial
ATB9C52-12JC 44 (0°C 1o 70°C)
B9C52-12PC 40P6
AT89C52-12QC 440
AT89C52-12Al 444 Industrial
ATB9CH2-12J1 44 (-40°C t0 85°C)
ATB9CH2-12PI 40P6
AT89C52-120Q 440
ATB9CE2- 444 Automative
ATS 44 {-40°Cto 105°C)
ATS 40P6
ATBIC52-1204A 440
16 5V +20% AT89C52-16AC 444 Commercial
ATB9C52-16JC 44 (0°C to 70°C)
ATBSC52-16PC 40P6
AT89C52-16QC 440
444 Industrial
44) {-40°C to 85°C)
40P6
440
ATB9CH2-16AA 444 Automotive
B9C52-16JA 44 (-40°C to 105°C)
ATB9CH2-16PA 40P6
ATB9CE2-16QA 440
20 5V +20% ATB9C52-20AC 444 Commercial
ATB9C52-20JC 44 (0°C to 70°C)
ATB9C52-20PC 40P6
AT89C52-20QC 440
ATAOCH2-20Al 444 Industrial
ATBSC52-20J1 44 (-40°C to 85°C)
ATBSC52-20PI 40P6
AT89CS52-200Q 440

AIMEL
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V £20% ATEOC52-24AC 444 Commercial
AT89C52-24JC 44 (0°Cto 70°C)
ATBOCE2-24PC 40P6
ATB9C52-24Q0C 440
AT89C52-24Al 444 Industrial
ATB9C52-24.1 44 (-40°C to 85°C)
ATBOC52-24P 40P6
ATB9C52-24Q 40
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44 | ead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIF)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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DACO0800/DAC0802

General Description

The DACOS00 senes are monolithic &bt high-spesd
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic pedformance over a 40 to 1 reference cur-
rent range is possible. The DACOR00 series also features
high compliance complementary current oulputs to allow dif-
ferential output wdtages of 20 WVp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale current
matching of better than 1 LSE eliminates the need for
full-scale frims in most applications while the nonlinearities
of better than *0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DAC0800 sares will accept
TTL levels with the logic threshold pin, % g, grounded.
Changing the i - potential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged owver the full +4 5V to
18V power supply range; power dissipation is only 23 myW
with +5V supplies and is independent of the logic input
states.

National Semiconductor

8-Bit Digital-to-Analog Converters

June 1599

The DACOB00, DACOB0Z, DACOBO0C and DACOBO2C are a
direct replacement for the DAC-08, DAC-084, DAC-08C,
and DAC-08H, respectively.

Features

Fast settling output curent:
Full scale error: *1 LSE
Monlinearity over termperature:  *+0.1%

Full scale current drift;  +10 ppm/"C

High output compliance:  -10% o +18Y
Complementary current outputs

Interface directy with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: 4 5V to 18V

Low power consumplion: 33 mWW at £5V

Low cost

100 ns

Typical Applications

MGITAL INPUTS

L1
o2

DACABM

&
W7 000 uF [*ad

Ordering Information

138
81 B3 BS EE E7 HRE

R,

FIGURE 1. £20 ¥ p Output Digital-to-Analeg Converter (Note &)

10N

Vgur T0 20 Vpp

DOEDOGEHE-1

Maon-Linearity Temperature Order Numbers
Range J Package (J1&A) (Mote 1) | N Package (N16E) (Mote 1) | SO Package (M16A)
+0.1% FS 0'C =T =+70°C DACOAOZLC] | DAC-08HD |DACOSDZLCN| DAC-08HP DACOBOZLCM
+0.19% FS —EE'C 2 T = +125°C | DACOBOOL) | DAC-DAQ
+0.19% FS 0'C =T, =+70°C DACOSO0LC] | DACD2EQ |DACOSOOLCN| DACDSERP DACOBO0LCM

Mote 1: Desices may be ordered by using either order numbar.

@ 1999 Nafional Semiconductor Carporation DS00562E

www. national.com

siapeAuo) Bojeuy-o)-[eybiqg 11g-g 20800VA/00800VA



Absolute Maximum Ratings (note 2)

If MilitaryiAerospace specified devices are required,
please contact the National Semiconductor Salas Officel
Distributors for availability and specifications,

Supply Volkage (W' - V)
Power Dissipation (Mote 3)

(V14 to V15)

Reference Input Common-Mode
Range V14, W15)

Reference Input Currant

Logic Inputs

Analog Current Outputs
(Vg— = -15V)

ESD Susceptibility (Note 4)

Reference Input Differential Yoltage

18V or 36Y
500 mi

W oto W
Voo v
5ma

VT oto W oplus 36Y

425 mA4
TED W

Electrical Characteristics

The following specifications apply for Mg = #1858, Igpr = 2 mA and Ty = Ta = Tyax UNless othervise spedfied. Output
characteristics refer fo both Iy and lqyT

Storage Temperature
Lead Temp. (Soldering, 10 ssconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Wapor Phase (60 seconds)
Infrared {15 seconds)

Operating Conditions (note 2)

Min Max

Temperature (Ty)
DACGEO0L -55 +125
DACOBOOLC 0 +70
DACOBOZLC 0 +70

-65'C to +180°C

260°C
300°C

215°C
220°C

Units

(%]

DACOBOZLC DACOBOOLS
Symbal Parameter Conditions DACOBAOLE Lnits
Min Typ Max Min Typ Max
Resolution g 8 a -] 8 g Bitz
Monotanicity g a 2 & 8 8 Bits
Monlinsarity +0.1 +0.19 WFS
(8 Settling Tima To 1% LSE, All Bits Switched 100 135 ns
“ON" or "0FF", Ty=25'C
DACOB00L 100 135 ns
DACDBOOLC 100 150 ns
tFLH, Propagation Delay Tp=25'C
tPHL Each Bit 35 G0 35 [ila] ns
Al Bits Swilched 35 G0 35 [ila] ns
TClg Full Sezale Tempoo +10 60 +10 +50 ppm/'C
Voo Output Voltags Compliancs Full Szale Current Change -10 18 =10 12 v
<l& LSB, Rour™20 MQ Typ
Ipay Full Seale Currant WVrpr=10.000W, R14=5.000 ki 1.984 1.002 2.000 1.94 1.09 2.04 mé
R15=5.000 kil, Ty=25C
Irag Full Sezale Symmetry Irz4=lpzz 0.5 4.0 +1 2.0 A
lzz, Zero Scak Cuomrent 21 1.0 0.2 2.0 A
3] Cutput Current Rangs V==V 1] 20 21 o 20 21 mA
VTE-EV 1o 18V 0 20 42 0 20 4.2 mé
Logic Input Levels
WL Logic “0" Vo=V 08 0.8 v
Lum Logic “1" 20 20 W
Logic Input Current W =0V
IiL Logic “0" =100 2 pg+0.8Y -2.0 =10 -2.0 -10 pA
M Logic “1" 2V 18y 0.002 10 0.002 10 pA
Vg Logic Input Swing VTE-15Y -10 18 =10 12 f
ViR Logic Threshold Range V=16V -10 135 =10 13.5 v
lig Referance Bias Current -3 -1.0 -3.0 BA
dlidt Referance Input Slew Rate {Figure 17} 40 4.0 8.0 mAfps
FSSlrs. | Power Supply Sensitivity 4.5V0"S18Y 0.01 0.0001 0.m W o
PSSIrs- —4 5=V L1y 0.01 0.0001 0.01 Wi %
Irer=1maA

waww.national. com




Electrical Characteristics (continued)

The following specificaions apply for ¥z = Y15V, lggr = 2 mA and Ty £ Ta £ Tyax unless otherwise specified. Oufput

characteristics refer to both loyr and Tayr.

DACOBOZLE DACOB0L/
Symbal Parameter Conditions DACO300LE Units
Min Typ Max Min Typ Max
Power Supply Currant Wg=15Y, Iger=1 mA
I+ 23 38 23 38 mé&
- 4.3 -5.8 -4.3 -5.8 ma
V=B, 158V, Iger=2 mA
I+ 24 38 24 38 m&
- -4 -7.8 -6.4 -T7.8 ma
V=215, Irer=2 mA
I+ 25 38 2.5 38 m&
- -3.5 -7.8 -6.5 -7.8 m&
Po Power Dissipation 25, Igpr=1 mA 33 48 33 45 vy
5V 15V, lppr=2 mA 108 136 108 136 vy
+15Y, |gpr=2 mA 125 174 135 174 mvy

Note 2: Absolule Maximum Ralings indicale limits bayond which damage 1o the device may ozour. DC and AC eledtica spedificalions do not apply whan operating

the device beyond its specified oparating condtions.

Note 3: The maximum junction temperature of the DACOB00 and DACOBR2 is 125 C. For oparaling at elevated temperatures, devices in the Dual-n-Line J package
must bie derated bassd on a thermal resistance of 100°CAY, jundion-to-ambient, 175 CAY for the molded Duak In-Line W package and 100°CAY for the Small Outline

M package.
Mote 4: Human body model, 100 pF discharged through a 1.5 ko resistor,

Mote 5: Pincout numbers for the DACOB0X rapresent the DuakIn-Line package. The Smal Oulline padkage pin-cut differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package

)

THRESHOLD |
CONTROL. ¥y =] ®

1
It —

itl‘WFENSﬁTIDH

-i"nfn-:
l'Flmlo:
13
itl L5
L 2

10

p—5

Top View

[=006626-13

Small QOutline Package

vt ~ 16 f=Bj LsB
Veere(*)— 2 15 =B,
Vaere(=)— 3 14 =B
COMPENSATION —] 4 138y
THRESHOLD CONTROL, ¥, o — 128,
lour =] ® !
7 10—,

lgur =& 9}-B, MsB

DEDOGEEE-14

Top View

See Ordering Information
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Block Diagram inote 5

[ A A A A A O O
| | | | | 1 1 1 |
[ Ifmalf ]
* = R o - o § =hgyy
) Y YD Y Y ) Y Y S
e || TS I IR S S
T S

Typical Performance Characteristics

Full Scale Currant
vs Reference Current

6 FTa= Tran T9 Tiaax 4
E ALL BITS HIGH «l_
E LIMT FOR
E L | I v i |>-
E [] ' ' il | 1 | 3 }I
i ==sannsre:
P
S - |
2 L
T L LIMIT FOR™T
B, P W osy ——
N 7
[ H 3 ] 5
Ingf - REFERENCE CURRENT imAl
DE SR

Reference Amp
Cemmon-Mode Range

4
18 T ™ Tamn T0 Tuax
= ALL BITS“OK”
E ou
=
-
Eu +
s “W:-150 W= -5W V=15V
& 1 -
E u I | [ lage-tma
2 u 1 TREE = 1 mh +—
|
e ] f LI N
" L ipgp = 02 mA—]
o LI - T
-4 -m -6 -2 2 & MW W om

15 - REFERENCE COMMON-SODE YOLTAGE (V)

LSB Propagation Delay vs Ig

FHOPAGATION DELAY {m)

L]

400 T
o

- il
e [
o L1380

m T

L@

L]
0EVed DES0IQ0E 85 1

Ifg — DUTPUT FULL SCALE CURRENT ima]

Logic Input Current
vs Input Veltage

DOEOOGEEE-25

Mote. Posilive cormmon-mode range is always
W) - 18w

LOGIC INFUT CURRENT LAl

D05 56ES -2

12-10-B-E-4-202 & & 1012140618
V; - LOGIC INFUT VOLTAGE (V)

DEN0sEgE-28

Reference Input
Fraquency Response

i v T

10 FR14=R15= 1k !r' | I II

b }Ag <50 . 1

E 6 AL BITS DN st
= ]
g 2
ERl]
- 2
=
=
E -k
=10
12
-1

ooz 05 17 5o

FREQUENCY (MHz|
DOEQ0SE9E-24

Curve 1: Cz=18 pF, V=2 Vp-p centered at 13,
Curve 2: Co=15 pF, Vi =50 myp-p cenlerad al
200 mv.

Curve 3: Cr=0 pF, Wpy= 100 myp-p centered at
0 anmd spc?ed Emu& 500 DDI'IE:EFE:IEd I pin
14.2Vap|:il|:ad o R14.

Viy — Vo vs Temperature

15 T
P ==
I

.

F
7 "

Vw - VgVl

ik !

-0 n = ] 150
Ty — TEMPERATRRE | C)
OIS 156 527
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Typical Performance Characteristics (continued)

Qutput Current vs Output
Veltage (Output Voltage

Compliance)
8
ALLBITE"ON" Ty = Tyyy 7O Ty

= 14 | _ [
T 1 I [
= -V 15 -V -5V |
£t
£ LT [
E i + 1 -
=
: | 1]
g 12 | Iggg " 1 mi
ERNT Iri | | 14—
=
= 04 T | Ipgp =B mA

P | -

M- -E -2 7 O W W

Vg - DUTPUT VOLTADE I¥)

DE005E26-28

Power Supply Current

Qutput Voltage Compliance
vs Temperature

bil
18 \-\t N
18 |~ IHABED AREA INDICATES

PEAMISSIBLE DUTPUT £ 1
' VOLTAGE RANGE FORA
Vo=l gpp Tl 1

0 | FOR OTHER -V OR Iggp, +——
SEE FIGURE

Ve - OUTPUT VOLTAGE (v

-t DA D00 O

-0 ] ] L]
Ty — TEMPERATURE | €I
=05 62820

Power Supply Current

Bit Transfer
Characteristics

14
1 | T I
- [ ingr = 2ma I
3 12 [ IReF i
| I . L
ic
[ 03 ]-
oy |
£ " | R
5 -'\ll-li\'l T
8 o4 Y | -1 BiLIE
e e 11 Bl
2 o2 _f.l_ \:.I e ——
p WL LT T 14]

-12-10-8-5-4-70 24 5@ 101204 1613
Wy - LOGIC INFUT VOLTARE (Vi
DE05ESE- 3
hte. B1-B& have identical iransfer
charactenslics. Bils are fully switchad with less
then 1% LSE error, at less than £100 m from

aclual threshcld. Thess swilching points ane
quaranteed to lie betwaen 0.8 and 2V over the

operaling lemperature range (V- = OV

Power Supply Current

Vs +V vs =V vs Tamperatura
a a
_ o "
E ) ALL BITS HIGH OR L . ALL BITS 1:.'1':;::5}1 l]u:L::d ;é. \ AL s_lTs TG OR LOW I
£ E REF = IRgs = 2mA |
T 5 5 g 1! |
= - -
= E ST 1-WTHIpgs oA g’ L 3
t 3 3= [ ] | —
Bt = 4 g ¢
3, £ s IWITH Iggg = 02mA_| | 3 [ ]
] n | | = I T
] § | | £ "l |
U | 1 T |
n NERREER : |
0 % & B B W97 1816 820 0 -1 -4 <& =B =10 -12-14-16-1§-20 5 80 i 150
Vipr - POSITIVE FOWER SUPPLY (V) ¥ = NEQATIVE POWER SUPPLY (V) Ty, - TEMPERATURE (G}
[E005ESE- 51 eI EaE-12 DEO05ESE-23
Equivalent Circuit
L] LB
W ¥ig i [H: 3] M " [ i
L] 1 s s I y i T ?
k]
v
- A | 1 1 T | 1 El
v —
NS o o o CHHC e [
l'n[:-ﬂ-’ I““1 ? | f
cowe alEl— r J“ } JI:? 1k I Utk Iita ] yizy
-ﬁ 1‘[ A B [l ] & [ n " (]
L a ha ] ba
h 4 i L. w o m o
& . DAL
T
&
DEATSERE-15
FIGURE 2.
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Typical Applications

WIGITHL INPUTS

L] LiE
W OEI ORI OB BE BE BT BE

[CE05EE6-5

+VpEF | 255

e =
T

Ig +Ta = kg for all logic statas

Foor fized rafieranze, TTL operation, iypical values ane:
Wrer = 100004

Rpgr = 5000k

R15 = Rper

Cp =001 pF

Wi = 0V (Ground)

FIGURE 3. Basic Positive Refarence Operation (Note 5)

[ET=1H
AL HEE

i
o

—
DS0055ES 18
DED5E85-21 e VREF ., 255
] BT R 258
FIGURE 4. Recommanded Full Scale Adjustmant i

Circuit (Note 5) Mote. Rper sets |ps; R15 is for bas curent cancellation

FIGURE 5. Basic Negative Reference Oparation
(Mot &)
DIGITAL INPUTE
L] (81}
Bl BZEI BEOBS BS ET B kg
iy 2k G—{ 1
DEDOEEES1T
B1 B2 B3 B4 B5 B6 BT B8 | I,mA | Toma | Eg E,

Full Scale T 1 1 1 1 1 1 1 1.892 0000 | -9.880 | 0000

Full Scale-LSB T 1 1 1 1 1 1 0 1.984 0.008 | -5920 | -0.040

Half Scale+LSE 1 0 o 0 o 0o 0 1 1.008 0884 | -5.040 | -4.920

Half Scale 1T 0 0o 0o O 0 0 0 1.000 0.992 | -5.000 | -4.960

Half Scale-LSE o1 1 1 1 1 1 1 0992 1000 | -4.880 | -5.000

Zero Scale+LSB o o0 o o o 0o 0 1 0.008 1.9584 | -0.040 | -9.920

Zero Scale o 0 0 o 0 0O 0 0] 0000 1.892 0.000 -9 860

FIGURE &. Basic Unipolar Negative Operation (MNote 5)
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Typical Applications (continued)

Bp  im
Y
“lngy * 2k O 4 YT
CENISER 66
B1 B2 B3 B4 B5 B6 BT B8 | Eg =

Pos. Full Scale T 1 1 1 1 1 1 1]-9.920 [+10.000
Pos. Full Scale-LSEB T 1 1 1 1 1 1 0]-92.840] +9920
Zero Scale+LSE 1 0 0 0o 0 0 0 1]-0.080]+0180
Zero Scale 1 0 0 0 0 0 0 0] 0000 |+0.080
Zero Scale-LSB o 1 1 1 1 1 1 1 )+0.080) 0.000
Meg. Full Scale+LSB o 0 0 0 0 0 0 1|+9820]-9840
Neg. Full Scale 0 o 0 0o 0 0 0 0p10000])-9920

FIGURE 7. Basic Bipolar Qutput Operation (Mot 5)

n

s T
ViEs = 1V OrAA A

. (oM M)
o Tz |

UALSEN + |
L 5B 2ER

5k
I*Nv—' whese X is the input cooe and
= Ry = Ry = Rrge
DEDCEEBE-1E

1T Ry =R within £0.05%, oulput is symmetical about ground

B1 B2z B3 B4 B5 B BT BS En
Pos. Full Scale 11 1 1 1 1 1 1| +98&0
Pos. Full Scale-LSB 11 1 1 1 1 1 0O +9830
(+)Zero Scale 1T 0 0 0 0 0 0 0]+0.040
(-)Zero Scale o1 1 1 1 1 1 1|-0040
Meg. Full Scale+L3E o 0 0 o o 0 0 1)|-9830
Meg. Full Scale o0 0 o o0 0 0 0)|-990

FIGURE 8. Symmeatrical Offset Binary Opearation (Mote 5)

!
AN
o
4
Ep
DACHN =0 070+ lgg - A
2 lee - 255 :
s 4 L F5 = 256 REF

DEO0EEaE-1

For complamentary culpat {operation as nagative logic DAG), connect inverting input of op amp to T (pin 2), connedt |5 (pin 4] 1o ground.

FIGURE 9. Positive Low Impedance QOutput Operation (Mote 5)
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Typical Applications (continued)

Vaer

. OPTINAL AESISTOR
F‘"‘#l FUR DFFEET INPUTS

[:Lle Ui

NO CaP

DEOSERE0
Typical values: Ryy=sk, +V, =10V

FIGURE 1. Pulsed Reference Operation (Note 5)

"Vper

IREF

DACa00

OEDGEEEE-11

(a) Iger = peak negative swing of |y

to
DVATH -l

- 25 i .
= 5e5 |REF

DE00EEaE-20

For complamantary oulput {operation as a negalive logic DAC) conned non-inverling input of op am to Tq {pin 2); connect 1o {pin 4) to ground.

FIGURE 10. Negative Low Impadance Output Operation (Mote 5)

s
b (i

TTL BTL

I
iy I W0 Y e I -
W
I LAl l
i )
BaCHH I ¥, I
| o
? I n‘::: = ‘IDL' |
= | L 4 = | -svroemv

—— i
S bung + s T K e
Ve LW I Uy v |

DR T

DAETIN i

[+

ELTTT

e

=
]

Wy = Vg + 14V

15W CMOB, HTL, HHIL

Wy = 7BV

Neote. Do not exceed negative logic input range of DAC.

FIGURE 12. Intarfacing with Various Logic Families

AREF
Ve O—Ah——] 14
s BALDROD
{OFTIONAL)
Ui =Cg—  O—AAA——
m % ]
HIGH INPUT -
INMFEDANCE
DE005EB-12

{b) +VWper must be above peak positive swing of Viy

FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

i
Vi O—d

FOR TURN “ON", W =2.TV
FOR TURN “DFF", v =03V

TAINTMUS <
CAPACITANCE \\l

aF

HP50A2-ZE00
SCHOTTKY DIDDES

VL
o

Vin
o
¥ 112

. Rigee 5B 7 B
Vi g O A A 14
DACOEDD
R1G 0T}
16

5
o]
r- __LI 0.1 gF
H - —.l_ 0.4%
1—? HUPL:]:[ z:,
L —]: -0V
‘l

raduzing R1, RZ and R3 1o 2.5 k2 and R4 o 2 Mo

iely

-5y

0.1 uF 01 uF
- 15V -8y
DEDOSEEE-T
FIGURE 14. Settling Times Measuremant (Mote 5)
5V 5TOP
w CONVERSION
CLOEK FREE
T AR
) it 2
= 1§ ver oK 5 e
ohesIz 1
00 .F AR [
L HND
00 0f 0F 03 04 05 06 07
- 1§44 |5 6 [ fizfiafe
153 Oy
1
I 5y W
B-EIT DIGITAL I“P:‘P:II'-I'DE
WORD T
(t ne 3] L
o 10w 5 <
12 [ Jwfa |e |7 |s |s <
LSB 27 BG A5 B4 BI B2 MSH ), 5
V' i .
LLT=T
Vi gt 8 T
' W~ ComP ViE
[E] 1 ||5 _L|
Qisv LI

[CESCDSEEE- B

[
FIGURE 15. A Complete 2 ps Conversion Time, 5-Bit A/D Converter (MNote 5)

Mole. For 1 ps comversion fime with 8-bit resolulion and 7-bit accuracy, an LM 361 comparaltor replaces the LM319 and the reference current is doobled by
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Physical Dimensions inches (milimeters) unless otherwise noted
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B 213-051] T
0037 £ 0.005
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[254+0.05] '
Molded Small Outline Package (S0)
QOrder Numbers DACOS00LCM,
or DACOBOZLEM
N5 Package Mumber M16A
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Ph}'SiCEﬂ Dimensions inces (rmillimetzrs) unless otherwiss noted (Continued)

: 0.740- 0,780 .
B.&0 - 14981 et
‘ 118.50= 19.81) —] {2288}
' WOEX_
025040010
A35020.254
PIN HO. 1_ FiN O, 1
DENT IDENT
OPTION 02 088
0,130 £0.005 ; i
e S 060 o) o 88 TP o D3on-o3t (LS
azeoian | 1 g | ™ eenonaL En-L12) |
I
0145 =000 7
[5.285 - 5.080) —
/ #PE5 0,008-0.016
9P £4° TYP by
:'ﬁ—] MH- 1 o L aam 7] oas=a408 "
b 00250150 | 003040015 frng
[5.175- 3810) | T (o782 40.381) MIN
BANA- DR Q10089010 B, 32510-0'“\}
{0256 = 0.584) Q050£0.000 (254020,2%2) 0015 1B {REV F)
LU {1.270£0.254) L [CEEEM
T )

Molded Dual-In-Line Package
Order Numbers DACO800, DACOS0Z
NS Package Number N16E

LIFE SUPPORT POLICY

MATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONMENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDEMT AND GEMERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose faiure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

Halianal S=micondu ctor
Eurape
Fa: +48 (1) 1 BO-E30 85 BG

Emall: europa.supportiins: com
Deulseh Tal: +45 (1) 1 81-530 85 BS
English Tal: +45 0] 1 80632 78 32
Frangals Tl
lallana  Tal:

Mational Semicondoctar
Corporatian

AMEras

Ted: 1-BO0-2 725365
Fax 1-B00-T37-T018
Emall: sppongne.com

N

wivw national.com

+40 {0 1 B)-532 03 68
+40 {0 1 BO-E34 16 B)

Maticnal Semionductor
Japan Lid,

Tal: B1-3-6628-7580
Fax 8136638 T507

Hatinal Semiconductor
Asla Pacillc Customer
Response Group

Tal: G5-2E44466

Fae: GE-25044 66

Emall: 5@ 5Upportmiss com
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEFTEMBER 1878 - REVISED AUGUST 1094

15 DEVICES COVER COMMERCIAL, INDUSTRIAL,
AND MILITARY TEMPERATURE RANGES
® Low Power Consumption

® Wide Common-Mode and Differential
Voltage Ranges

® Low Noise
Vn=18nVWHzZ Typ at f = 1 kHz

® High Input Impedancs . . . JFET Input Stage

¢ Low Input Blas and Offset Currents
¢ Qutput Short-Clrcuit Protection
® Low Total Harmonic Distortion

® |nternal Frequency Compensation
® Latch-Up-Free Operation
® High Slew Rate ... 13 Vius Typ

0.003% Typ * Common-Mode Input Voltage Range

Includes Veg

description

The JFET-input operational amplifiers in the TLO7_ series are designed as low-noise versions of the TLO8_
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLO7_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The |-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 1256°C.

AVAILABLE OPTIONS
PACKAGE
.,.A Viomax | SMALL CHIP | cERAMIC | CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
AT25°C | QUTLINE | CARRIER DIP DIP DIP bIp PACKAGE | PACKAGE
ot (FK) W (Wa) (N) (P) (PW) )
10mV | TLOT1CD TLOTICP | TLOTACPWLE
6mvV | TLOT1ACD - - - = TLO71ACP - -
3mv | TLOTIBCD TLO71BCP -
wcte | 10mV | TLO72CD TLO72CP | TLO72GPWLE
70°C 6mv | TLOT2ACD o —_ - - TLOTZACP —_ —
amv |TLO72BCD TLOT2BCP =
10my | TLOT4CD TLO4CN TLO7ACPWLE
6mvV | TLO74ACD - — - TLOT4ACN - = =
3mv | TLO74BCD TLOP4BCN =
TLOT1ID - TLOTHIP
‘gf";“’ smv |TLo72ID - - - - TLO72P - —
TLOT4ID TLO74IN -
_sscto | €MV TLOT1MFK = TLOTIMJG =
12850 6mv - TLOT2MFK — TLO72MIG - — - -
gmv TLOTAMFK | TLO74MJ - TLO7AMW

1 The D package is available taped and reeled. Add the suffix R to tha device type (e.g., TLO71CDR). The PW package is only available left-ended

taped and reeled (e.g., TLO72CPWLE}.

Froduchs conlom o the terme Insirumenis
._m:m“u‘ .
ot of sl plraeTebtens.

¢ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75285

Copyright & 1004, Taxas instrumants Incorporated
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TLO71, TLOT1A, TLO71B, TLOT2

TLO72A, TLO72B, TLO74, TLOT4A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSAB0C - SEPTEMBER 1878 - REVISED AUGUST 1084

TLOT1, TLOT1A, TLOT1B
D, JG, P, OR PW PACKAGE

(TOP VIEW)

OFFSET N1 [} 1 8[| NC
IN-[] 2 71 Vecs
IN+ [] 3 8|l out
Voe- ] 4 & [| OFFSET N2

TLOT2, TLOT2A, TLO728
D, JG, P, OR PW PACKAGE
(TOP VIEW)

TLO74, TLOT4A, TLOT4B
D, J, N, OR PW PACKAGE
TLOT4... W PACKAGE
(TOP VIEW)

TLOTH TLOT2 TLOT4
FK PACKAGE FK PACKAGE FK PACKAGE
(TOP VIEW) {TOP VIEW) (TOP VIEW)
Zz =
=)
; 93989
L“0Qo
252282 NG 432""019‘3ENC
1IN= ] 5 17[j 2o0uT
3212019
NC []4 18[] NC NC [T6 16[] NC
IN-s 170 Voo 1IN+ [} 7 15[] 2IN-
NC 16 18[] NC NC a8 14[| NC 14
N+ [ 7 1s[] out g 10111213 910111213
NC [] 8 14[] NC T e
9 10 11 12 13 2,829 25853
, S N 8°
] o b
CREET
s B
4
L
o
NG - No internal connaction
symbols
TLOTY
TLOT2 {each amplifier)
OFFSET Nt TLO74 (each amplifier)
Illc-—-—-}' IN+ +
>— out our
N-—A - [T
/
OFFSET N2 ——
INSTRUMENTS
2-338 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75288



TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLOT4A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 - REVISED AUGUST 1894

schematic (each amplifier)

A
Ly

IN - 840
1280
AN ot

\

640
o > L\
II—|
18pF
L
r— -
1 1080 1080 :n
Voo —| . . + ' +
| |
OFFSET OFFSET
NULL NULL
N1) N2)
\ /
\'
TLO71 Only
All component values shown are nominal,
COMPONENT COUNTT
COMPONENT
TYPE TLOTY | TLOT2 | TLOT4
Resistors " 22 44
Transistors 14 28 56
JFET 2 4 ]
Diodes 1 2 4
Capacitors 1 2 4
#pi-FET 1 2 4

1 Includes bias and trim circuitry

Q‘ TExas
INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75245 2-337



TLOT4, TLOT1A, TLOT4B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1878 - REVISED ALUGLUST 1984

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo, (SBB NOB 1) Lo i e e e e 18V
Supply voltage, Vo {seeNOte 1) L. o e -18V
Differential input voltage, Vip (seeNote 2) ... ... ............... P e +30V
Input voltage, V) (see Notes 1and3) .........oiiiiiiiin i i ST —— 15V
Duration of output short-circuit (see Note 4) ... .. ..ot e e unlimited
Continuous total dissipation . ........ ..ot See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ....... ... i i i 0°Cto 70°C

Tsuffix ..o e —=40°C to 85°C

Msuffix ..., -55°Cto 125°C
Storage lempPerature fANGE .. ...ttt et e e e —65°C to 150°C
Case temperature for 60 seconds: FK packags ..ot iiiie e 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, or PW package ......... 260°C

T Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage o the device, These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Voo, and Voo —.

2. Differential voltages are at IN+ with respect to IN—.
3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4, The output may ba shorted to ground or to either supply. Temperature and/or supply voltages must ba limitad to ensure that the
dissipation rating is not exceeded.
DISSIPATION RATING TABLE

T Ta s 25°C DERATING DERATE Ta = 70°C Ty =B85°C Ta = 125°C
POWER RATING FACTOR ABOVE Ty POWERRATING POWERRATING POWER RATING
D (8 pin) 680 mW 5.8 mW/°C 33:C 464 mW 377 mW N/A
D (14 pin) 680 mw 1.8 mWrG 60°G 608 mw 494 mW N/A
FK 680 mwW 1.0 mWre 88°C 680 mwW 880 mW 275 mw
J 680 mw 11.0 MWrC 88'c 680 mwW 580 mW 275 mW
JG 680 mW B.4 MWFC 89°C 672 mW 546 mW 210 mW
N 680 mW 9.2 mWrC 76°C 680 mW 588 mW NIA
P 680 mW B.0 MW C 65°C 840 mW 520 mW NiA
PW (8 pin) 525 mW 42 mWrEC 70°C 525 mW N/A N/A
PW (14 pin) 700 mwW 5.6 MWIC 70°C 700 mwW NIA N/A
W 680 mW 8.0 MW G 65°C 640 mw 520 mW 200 mW
__
TEXAS
INSTRUMENTS

2-338 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLO71, TLO71A, TLO71B, TLO72

TLO72A, TLO728B, TL074, TLO74A, TL074B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
SLOS080C -~ SEPTEMBER 15978 - REVISED AUGUST 1994
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLOT4A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

5L0OS080C -~ SEPTEMBER 1978 - REVISED AUGUST 18984

electrical characteristics, Voo : = +15 V (unless otherwise noted)

TLOTIM
TLO74M
PARAMETER TEST CONDITIONST | Tat TLO72M UNIT
MN TYP MAX| MIN TYP MAX
25°C 3 B 3 k]
Vio Input offset voltage Vo=0, Rg=500 o o T mv
a0 m"z;’:‘mm"‘ & Vo=0, Rg=50Q |Fulrangs 18 18 VPG
25°C 5 100 5 100] pA
5] Input offget current Vo =0 Fullramoe —~ Sl
25°C 65 200 65 200
) Input bias current® Vo =0 = 0 x
=12 -12
Common-mode input .
VICR voltage range 25°C M :g £11 ::) v
RL = 10kQ 25°C +12 135 12 135
Maximum peak output
VoM Ry 210k 112 +12 v
voltage swi Ful
geswing RL22 k2 ullrange =230 10
A Large-signal differential V=210V, 26°C 36 200 3 200 Ty
VD voltage amplification AL 22kO 15 15
By Unity-gain bandwicth Tp = 25°C 3 3 MHz
n Input resistance TA = 25°C 1012 1012 o
_— . Vig = Vigpmin,
CMRAR Common-mode rejection ratio Vo=0, Rg=500 25°C B0 86 80 BB dB
Supply-voltage rejection ratio Voo=19Vio115Y,
86
VR (avaps/aVio) V=0, Rgab00 | 2°C 80 L dB
IcC Supply current (each amplifier) | Vg =0, Noload 25°C 14 25 14 25| mA
Voy/Voz Crosstalk attenuation Ayp = 100 25°C 120 120 dB

¥ input bias currents of a FET-input operational ampiiier are normal junction reverse currents, which are temperature sensftive as shown in
Figure 4. Pulse techniques must be used that will maintain the junction temperalure as close to the ambient temperature as possible.

% All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specifiad. Full range is
Tp=-55°Clo 125°C.

@ TEXAS
INSTRUMENTS
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TLO74, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C — SEPTEMBER 1078 - REVISED AUGUST 1994

E—

operating characteristics, Voo, =115V, T = 25°C

TLO7xM ALL OTHERS
DITIO UNIT
PARAMETER TEST CONDITIONS MIN  TYP MAX| MIN TYP MAX
" Vi=10V, AL =2k,

SR Slew rate at unity gain CL = 100 pF, See Figure 1 5 13 8 13 Vips

Rige time overshoot Vy=20mV, RL=2kQ, 0.1 0.1 ps
Y factor Cy = 100 pF, See Figure 1 20% 20%
v Equivalent input noise Ae =200 f=1KkHz 18 18 nViWHz

" vahtage $ i=10Hz to 10 KHz 4 n w
ivalent input nois
In mm“ neutnoise e 200, fa1 kM2 0.01 0.01 pANFE
Vo(RMg) = 10V, Rg<ika,
THD  Total harmonic distortion AL 22k {1 kHz 0.003% 0.003%
PARAMETER MEASUREMENT INFORMATION
10k
v 1kQ
v ° Vi
| Vo
Cp = 100 pF RL= 2kQ
RL I C( = 100 pF
Figure 1. Unity-Galn Amplifier Figure 2. Gain-of-10 Inverting Amplifier
TLOTA
IN-
out

"

Vcc_
Figure 3. Input Offset Voltage Null Clrcuit
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TLO71, TLO74A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0BO0C — SEPTEMBER 1978 - REVISED AUGUST 1094
- =

TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
£ Input bias current vs Free-air temperature 4
vs Frequency 56,7
vs Frae-air t
VoM Maximum output voltage e mmm :
vs Supply voltage 10
Avp Large-signa diflerertal votage ampifcation | % Em:’:g"p""'“ o
Phase shift vs Frequency 12
Normalized unity-gain bandwidth v§ Free-air temperature 13
Normalized phase shift vs Free-air tampearaturs 13
CMRR Commen-mode rejection ratio vs Free-air tamperature 14
oo semann e | &
Pp Total power dissipation vs Free-air temperature 17
Nomalized slew rate vs Free-air temperature 18
Vn Equivalent input noise voltage vs Frequency 19
THD Total harmonic distortion vs Frequency 20
Large-signal pulse response vs Time 21
Vo Qutput voltage vs Time 22

2-342
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 ~ REVISED AUGUST 1984
I ———

TYPICAL CHARACTERISTICST
INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE FREQUENCY
1 £15 T T17] IULBRRE
C Voo =115V Veoi =115V RL=2kQ
> THIT Tp=25°C
2 1125 | See Flgure 2
5 ““@EE% ] '
[ s
7 5 10 v =410V
§ ~ §' CCx
o 4 5]
é 1 / }f +15 \
3 a :
_T 01 / E +5 Yoo+ =15V
o = ————— 2
Ig 2.5
= \“ i
0.01 0 |
=75 =50 -25 O 25 50 78 100 125 100 ik 10k 100k iM 10M
Ta = Free-Air Temperature — *C 1 - Fraquency — Hz
Figure 4 Figure §
MAXIMUM PEAK QUTPUT VOLTAGE MAXIMUM PEAK QUTPUT VOLTAGE
vs v$
FREQUENCY FREQUENCY
15§ T +15 ™TTTTT
: IEE | T
. iz A= 25° : Ta = 26° L=
125 Vec =218Vl e - = A 25,‘: N See Figure 2 ||
3 HERITH i\
E 110 § 110 \r
Ta ==55°C
8 Vecr= 210V l Al
+75 1 | 115
| 11
E
5 Ta=126C
E 15 % £5 A
g VoG: = £5V 3
o - :
125 = +2.5
o \'
= =
NN
0 [\ ‘&an
100 1k 10k 100k 1M 10M 10k 40k 100k 400K 1M AM 10M
1 - Frequency — Hz f - Frequency - Hz
Figure 6 Figura 7

1 Data at high and low temperatures ara applicabis only within the rated operating free-air temparatura ranges of the various devices.
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TLO71, TLO71A, TLO718B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEFTEMBER 1978 - REVISED AUGUST 1984

TYPICAL CHARACTERISTICST
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE LOAD RESISTANCE
+1§ R‘|I_ m Ih‘.'] +15 T T 7
= Vogi=215V
i 1 i Ta=25°C L
4125 1125 [~ See Figure 2 -

3  al RL=2ka T i‘ Ve
2 g LT

+10 E +10

Py
3 //
S 175 i +75 7
s | A,
E 15 g +5
: 1
5 +28 Vogi =15V 3 +28 (
See Figure 2
0 — 0
75 -50 -25 0 25 50 75 100 125 01 02 04 071 2 4 710

Ta = Free-Alr Temperature - *C
Figure 8
MAXIMUM PEAK QUTPUT VOLTAGE

vs
SUPPLY VOLTAGE

+16 T T
RL=10kD
Ta =25°C

+125

e
in
N

H
L]

H
ra
o

Vom —Maximum Peak Output Voltage — V
2
N
N

0 2 4 6 8 10 12 14 16
Vo +l = Supply Voltage =V

Figure 10

R - Load Reslstance - kQ

Figure 9
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREE-AIR TEMPERATURE
1000
400
E 200 P ——
- — |
3
f .
<
'g 10
S
< 4T Veor=215V
Vg=t10V
ar RE-zm
] |
1
=75 =50 -25 0 25 S50 75 100 125

Ta - Free-Alr Temperature - °C
Figure 11

T Data at high and kow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO71, TLOT1A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C ~ SEPTEMBER 1878 - REVISED AUGUST 1984

TYPICAL CHARACTERISTICST
LARGE-SIGNAL
DIFFERENTIAL YOLTAGE AMPLIFICATION NORMALIZED UNITY-GAIN BANDWIDTH
AND PHASE SHIFT AND PHASE SHIFT
vs Vs
FREQUENCY FREE-AIR TEMPERATURE
106 T . T 13 1.03
Vegi=t5Vio£15V | |
AL =2k
3 105 \\ Ta = 25°C £ 12 Unity-Gain Bandwidth 1.02
NL | | ; g
§ 104 L &
g \ Differential g al — 101
i - ]
ng \ \\:mmmn 45 ga 1 L snh ,
E
\ =
g 102 A % Fos N mg
Phase Shift v, =
o 1 135* © | Vge:= +15Y
v A\ =081 p -2k 098
’ \ 1= By for Phase Shift
1 180° 07 [ F I 0.97
1 10 100 1k 10k 100k 1M 10M .75 -50 -2§ O 25 50 75 100 125
f - Frequency - Hz Ta - Free-Alr Temperature - °C
Flgure 12 Figure 13
COMMON-MODE REJECTION RATIO SUPPLY CURRENT PER AMPLIFIER
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
89 — 2 1
8 Vogi=+15V Ta=25°C
' RL=10kD E| 18 I No Signal
g 88 No Load
z 18
B
p- E 14
3 12
88 '-_,_.._== E 1
. 2 o
06
; 7
|
z L, 04
z .8 0.2
83 0
=75 =50 -25 0 25 50 75 100 125 0 2 4 B B 10 12 14 18
Ty, = Free-Alr Tomperature = °C Voo + - Supply Voltage -V
Figure 14 Figure 15

1 Data at high and low temparatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO71, TLOT1A, TLO71B, TLO72
TLO72A, TLO72B, TL074, TLO74A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0B0C -~ SEPTEMBER 1978 - REVISED AUGUST 1994
e

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT PER AMPLIFIER

Vs
FREE-AIR TEMPERATURE

2
Vogy=215V
E' 1.8 No Signal —
g 18 -..____-‘ No Load
E 14 \h"“'\u
3 2 =
5 1
O 08
g 0.6
@
'y 04
3 0.2
0
-75 -50 -26 0 25 50 75 100 125
Ta - Frea-Air Temperature - °C
Figure 16
NORMALIZED SLEW RATE
ve .
FREE-AIR TEMPERATURE
1.15 I T
Vocp=2158V
RL=2kQ
110 e - 100pF
s 1.05
% 1
\\
0.95 ~
z \
0.90
0.85
-75 -50 -25 O 25 50 75 100 125

Ta —Free-Alr Temperature - °C
Figure 18

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE
250 T T
Vcct=i15\‘
225 No Signal — |
% o 4 No Load
——
: \h.._ |
175 =
\-.._hnwa
150 "-.\
E 125 =
100
= et _ TLO72
RT
é? 50 TLOT1
25
o
-76 B0 =25 0 25 50 75 100 125

g

B

V,, - Equivalent Input Noise Voltage - nv/YHz
s g

Ta - Free-Air Temperature - °C

Figure 17

EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY

Vogz=:15V
Ayp= 10
\ Rg= 20Q

N Ta=25°C

10

40 100 400 1k 4Kk 10k 40k 100k
1 =Frequency - Hz

Flgure 19

* Data at high and low temperaturas are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO71, TLO71A, TLO71B, TLO72
TLOT72A, TLﬂ?ZB TLO74, TL{IT4A TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1578 ~ REVISED AUGUST 1994
e —

—
TYPICAL CHARACTERISTICS
TOTAL HARMONIC DISTORTION
Vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
'EVociati8v P i 8 Veoe= =15V
. E Piv 5: I RL=2ki}
’f ‘C VijrMs) = 6V 2 4 $L= ;:?cpf-'
é |~ Tp = 25°C g Output A=
g 0.1 % 2
i s |1/ \
<]
g 0.04 E 0
: \
) i / \
g 0.01 |;h====:$== S -? -2
'T ii I ra o Input \
g oo ; ; 2
F I 5 \
| g
0.001 -6
100 400 1k 4k 10k 40k 100 k 0 05 1 15 2 25 3 35
f - Frequency - Hz t-Time - ps
Figure 20 Figure 21
OUTPUT VOLTAGE
Vs
ELAPSED TIME
28
24 *-L
Overshoot
= 2 =
E \ g
1 f 90%,
£ °I 17
2 ]
s 2 [
5 o
| I
:9 4 1
10%1 | Vocs=+15V
0 ~ AL= 2k0 -
tr Ta =25°C
-4 1 |
0 01 02 03 04 05 0.6 07
t-Time —ps
Figure 22
I —
TEXAS
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TL074, TLO74A, TL074B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080C - SEPTEMBER 1978 - REVISED AUGUST 1984
—

APPLICATION INFORMATION

Table of Application Dlagrams

PART
APPLICATION DIAGRAM NUMBER FIGURE
0.5-Hz square-wave oscillator TLOT 23
High-Q notch filter TLO71 24
Audic-distribution amplifier TLOV4 25
100-kHz quadrature oscillator TLO72 26
AG amplifier TLOT1 27
RF = 100 kQ

Vees

15V =
Ll $+— Output R1 A2 Lo71
Input VY * #—— Qutput
Cp=33,F i 1k0 i Vee-
A3 R1=H2=ca=1.ﬁh|n
1 9.1 kQ ct:i A‘\:F €1 = €2 = 5= 110 pF
= cos— \ J
it T o = <

Figure 23. 0.5-Hz Square-Wave Osclllator

S B
fo 2r R1 C1 1 i

Figure 24. High-Q Notch Filter

Qutput A

pb—— Qutput C

Yee-
Figure 25. Audio-Distribution Amplifier

‘@TEXAS

INSTRUMENTS
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

1N4148 18 kil (see Note A}
Gein wt -18V
18 pF
—F— 18pF thka
Voc. ——
88.4 kQ Vees
TLo72 A
884 kD Tko72 EE——
Voo~ A
18 pF Veo. 1k
— P A 15V
1N4148 18I|ﬂ(uel~lohl.]
8.4k
.'("{’!

SLOS080C - SEPTEMBER 1978 — REVISED AUGUST 1994
——————————— e ]

p— G cos ot

NOTE A: These rasistor values may be adjusted for a symmetrical output.
Flgure 26. 100-kHz Quadrature Osclllator

Figure 27. AC Amplifier

Texas
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO82Y, TL084, TLOB4A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0&1E — FEBRUARY 1977 — REVISED FEERUARY 1589

® Low Power Consumption
® Wide Common-Mode and Differential
Voltage Ranges High Slew Rate . . . 13 Vius Typ

® Low Input Bias and Offset Currents Common-Mode Input Voltage Range
Qutput Short-Circuit Protection Includes Ve

® Low Total Harmonic
Distortion . .. 0.003% Typ

High Input Impedance . . . JFET-Input Stage
Latch-Up-Free Operation

description

The TLO8x JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monalithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TLO8x family.

The C-suffix devices are characterized for operation from 0°C to 70°C. The |-suffix devices are characterized
for operation from —40°C to 85°C. The Q-suffix devices are characterized for operation from —40°C to 125°C.
The M-suffix devices are characterized for operation over the full military temperature range of —55°Cto 125°C.

symbols
TLOS1 TLO82 (EACH AMPLIFIER)
TLO84 {(EACH AMPLIFIER)
OFFSET N1
IN+ IN+
out out
IN- IN—
OFFSET N2

Flease be aware that an important notice conceming availabili
Texas Instruments semiconductor products and disclaimers theret:

ancard warranty, and use in critical applications of
pears at the end of this data sheet.

PRODUCTICN DATA information is current as of publication date. Copyright © 1999, Texas Instruments Incorporated
Praducts conform to specifications per the tarms of Texas Instruments

standard warranty. Froduction processing does nat necessarily include ¢ 'IEm Eﬁgﬁgd‘;ﬁiﬁﬁs‘g";'Lﬁlf'“.%fR_f|'|°H;‘,,Eg,a"p'ﬁ'd’ﬂﬂe';f;i Ef;ﬂ
testing of all parameters. l processing does not necessarily include testing of all parameters.
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TLO081, TLO81A, TLO81B, TL082, TLO82A, TL082B
TL082Y, TL084, TLOB4A, TLO84B, TLO8AY
JFET-INPUT OPERATIONAL AMPLIFIERS

SL0OS081E — FEBRUARY 1977 - REVISED FEBRUARY 1990

TLOBTM TLOBZM
U PACKAGE U PACKAGE
(TOP VIEW) (TOP VIEW)
NC ] 10 NC
OFFSET N1 aff NC
IN—] Voo
N+ Tout
Vee- &[] OFFSET N2

TLO&1, TLOS1A, TLOS1B
0, JG, P, OR PW PACKAGE

TLO&Z, TLO82A, TL0S2B
D. JG, P, OR PW PACKAGE

(TOP VIEW) (TOP VIEW)
orrseTni [[+ ™ sfine 1out [+ ™~ effvee.
IN-[] 2 T0Veo+ 1IN-] 2 7] 20uT
IN+ ] 2 afjout 1IN+ [ 2 6] 2IN-
Vee- [ 4 5[] OFFSET N2 Vee- [l 4 sf] 2N+
TLOB1M. .. FK PACKAGE TLOB2ZM. .. FK PACKAGE
(TOP VIEW) (TOP VIEW)
= = +
[ =] [ ]
w 05000
w0 = - Z - Z
vhbopo
202222
NC NC
NC NC ! ':‘J‘; a‘c—iUT
IN- Yoo+ o ,: N
NG NC 1IN+ I‘J'E‘
IN+ out NG g
NC 14 NC
91011 1213 ool L+ 0
=T=1=T=1=] ZoZz2
O oo L2 .
Zo0Z2<Z2 -
£ o
-0 TLOS4M . . . FK PACKAGE
& {TOP VIEW)
TLOS4, TLOS4A, TLOB4B 15 5
D, J, N, PW, OR W PACKAGE ZoudZ
(TOP VIEW) -
20 19
10UT [ 1 wJ 14] 40UT TN+ 14 18% 4N+
iN- 2 13 an- NC Hs 17 f‘f‘«
Nz [+ Vecr e 160 Vee-
Yoo+ []a 1l Vee- l:‘jc” i 1;E Etﬁ
21N = Al 31 21N + a 3N +
2N+ I 5 1o[] 3n+ T
2IN- & gff 3IN- o o | | o [
20UT 7 a[] 3oUT il 5 Q 5 il
=9 25

MC — Mo internal connection

&UMENTS
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TLO81, TLOB1A, TLOB1E, TLOSZ, TLOS2A, TLOGZE
TLOS2ZY, TLO84, TLOS4A, TLOBAE, TLOGAY
JFETINPUT OPERATIONAL AMPLIFIERS

SLOS081 E- FEERLUARY 197T — REWISED FEBRUARY 1329

a0z e 1L “Eal edd) somap eyl o xuns H pey pees pue pede) seiene 9 abeyoed 0 aul

AL PROTL reaniL | wawpeoe AL g DEEL
= MIAEE] 1L = = = AL HAWZROTIL = = g e
MIAILEG 1L SrLEmL MW LETIL ang | ooss-
aopedl A g DEEL
— — — — — — — — — — p
po
MITaoL arvenl]  amoi| swa 0:53
= = = = lIZE0L = = = aIFaniL|  aug a
cllLEOL aneoiL) awg ) oop-
MOE L ODEPRI1L A g
= = = Mo L = = = 00w PEL = A g
APE0IL Ml P MOPEOL CIDPEOL AL
dDHERDTL ODEECIL| AwE Oe0
- - dOVERDTL - - - - - QowEEniL| Ao o
HEBOL Mc2EEIIL)  coZEL noEaciL | gy 2:0
dDELETTL ODEMECIL| AWE
= = = dOWLEOL = = = = = aowlaoiL| g
MADLETIL]  coLEDL oo | st
) xal () [ (d) (H} (2r (r M4 (FLoa) fro0a)
____M,_w__u Mo Howd i o1 dicl clld il HARRYD [ ANIND | 3NLNG | oosz iy |y
HA 1914 Lv1d i ouswid | ousvid | oiwwsas | swweas ] dHo ARV RN EEET=TR

SATNAIN DI H I

SHOILD AT IWhY

N4
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TL081, TLO81A, TL081B, TL08Z, TLO82A, TLO82B
TL082ZY, TL084, TLOB4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1877 — REVISED FEBRUARY 1094

schematic (each amplifier)

Voo 4
A
IN+
N~ 4t|—_|:].k
—
¢
It
A
4
F
r 1
I 1080 02 1080 0 i
Vee- ] |
l I
OFFSET N1 OFFSET N2
e 7

W

TLO&1 Only

Component values shown are nominal.

out
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TLO81, TLO81A, TL081B, TL082, TL0O82A, TL082B
TLO82Y, TL084, TLOB4A, TL084B, TLO8AY
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEBRUARY 1977 — REVISED FEBRUARY 1999

TL082Y chip information

These chips, when properly assembled, display characteristics similar to the TLO82. Thermal compressicn or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon prefarm.

BONDING PAD ASSIGNMENTS

10UT

[ 2N+

— 2IN-

-
pucy

Vee-

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 = 4 MINIMUM
Tymax =150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN {4) 1S INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

" 61 M
[P LT D e e

Q TEXAS
INSTRUMENTS
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TL081, TLO81A, TLO81B, TL082, TLO82A, TL082B
TL082Y, TLO84, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1977 — REVISED FEERUARY 1999

TL084Y chip information

These chips, when properly assembled, display characteristics similar to the TL084. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vee+

1IN+
_ 10UT
=% 1IN- —
= —— 2IN+
== 20UT
= L 2IN-
= 3N+
= 30UT
= 3IN-
==l (12)
= — 4N+
= 40UT
= N (LR
= (11)
—_E Voo -
=¥

M 105 » CHIP THICKNESS: 15 TYPICAL
[UPEEPTPEEPITITEP PN BONDING PADS: 4 x 4 MINIMUM
Tymax =150°C
TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN {11) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

[NﬁgmUMENTS
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TLO81, TLO81A, TL081B, TL082, TLO82A, TL082B
TLOB2Y, TL084, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEERUARY 1999

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

senonds

PW package

TLO8 C

TLOS AC TLOB | TLOB4Q TLOS M UNIT

TLOS BC
Supply voltage, Voo + (5ee Note 1) 18 18 18 18
Supply voltage Vi — (see Note 1) -18 -18 -18 —-18
Differential input voltage, V|p (see Note 2) +30 + 320 +30 +30
Input voltage, V) (see Motes 1and 3) +15 +15 +15 +156
Duration of output short circuit (see Note 4) unlimited unlimited unlimited unlimited
Continuous total power dissipation Sea Dissipation Rating Table
Operating free-air temperature range, Ta, Oto 70 —40to85 |-40to125 | —651t0 125 C
Storage temperature range, Tg ig —65 o150 | - 6510 150 | -65t0 150 | —65to 150 C
Case temperature for 60 seconds, Tg FK package 260 C
I;::g;JntdeLn|:-emture 1,6 mm {1/16 inch) from case for 60 J or JG package 200 C
Lead temperature 1,6 mm {1/16 inch) from case for 10 | D, M, P, or 260 260 260 C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
nd those indicated under “recommendad operating conditions” is not

functional operation of the davice at these or any other conditions
implied. Exposure to absolute-maximum-rated
NOTES: 1. Allvoltage values, except differentia

2. Differential voltages are at [N+ with respect to IN-.

3. The magnitude of the input voltage must never e
4. The output may be shorted to ground or to either supply. Temperature and/or suppl

dissipation rating is not exceadsd.

itions for extended p
voltages, are with respect to the midpoint between Vo e 4 and Vi .

xeeed the magnitude of the supply voltage or 15V, whichever is less.

v voltages must be limited to ensure that the

DISSIPATION RATING TABLE

iods may affect

vice reliability.

PACKAGE Ta = 25°C DERATING DERATE Ta=70°C Ta =85"C Ta =125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D8 pin) B8O MW 58 mWIEC 32°C 460 mvW 373Imw WA
D (14 piny GHOD MW 7B MmN C 60°C G04 myV 490 mw 186 mvW
FK B8O MW 11.0 mwiec BRC GRO MW BRO0 MW 273 mWw
J B8O MW 11.0 mWr C 8RC GRO MW BRO0 MW 273 mWw
JG GH0 MW [ 69°C 672 myW 546 mW 210 mwW
M B8O mW [+ TE'C GRO MWW 5497 mW WA
P B8O mW NI°C G5°C G40 myW 520 mW WA
PW (8 pin) 525 mW " 257 336 mvW [iA WA
PW (14 pin) 700 mw [1°C 25°C 448 mwW [Ty WA
U 675 mW [+ 25°C 432 mW 351 mw 135 mWw
W B8O mW [ E5°C 640 mvV 520 mW 200 mvW

¢ TEXAS
INSTRUMENTS
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TLO81, TLOG1A, TLO81B, TLO82, TLOS2A, TLOS2E

TLO82Y, TLOS4, TLOBAA, TLOSAB, TLOSAY
JFET-INPUT OPERATIONAL AMPLIFIERS
SLOS0NE - FEBRJARY 1977 —REVISED FEBRLERY 1509
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TLOS1, TLOB1A, TLOG1B, TLOSZ, TLOS2A, TLOBZ2B
TLO82Y, TLO8, TLO84A, TLOBAB, TLOBAY
JFET-INPUT OPERATIONAL AMPLIFIERS

SLCEME - FEBRUARY 1877 - REVIEED FEERLARY 1280

alectrical charactaristics.,

Yoo+ =15 Viunless otherwise noted)

TLOBTH, TLOGZM | TLoB40, TLGAN
FARAMETER TEST CONDITIONST Ta UMNIT
MM TP MAX| MIN  TYP MAX
W InpLE offsetvota Vo =D R = 600 = ER— W
Lo nput oifsetmkage D = Full fange 5 15
Termpsaralurs
o eoellclen of npul |V =0 Rg=5600 |  Fulmnge 18 1R pYEC
ol vokags
T 5 100 £ 10| pa
[ITs) offsat F |vp=D
1o Input of=steurentt | Yo B 20 o]
T ET an mo| e
[ t |vo=o
B Input bas currant o = - —r
. 12 £12
D:ﬂ'll'l'l:ll'l-l'l'l:ﬂ:"'lp‘.”
VicR ) . T o o
vllage rangs T i
RL = 10K T t12 tiih t12 136
v Waxlmum peak .
Vo oulput votage swng | PL 104 Filnge |2 +12 !
ALz 2 il S FEESE:
Large-signal Vo=+10V, Ry 2K T 76 A0 L
D AMaret Al voltEe vy
ampliieation Vo=+10W, Rz2k | Fulmnge 16 15
By Unily-gain tandwidih BT 3 3 MHz
T Inpt rEsElEs G 1012 1012 0
Commar-mods Vi =Vicpmin, .
EMRR - regection mtio Vg=0,  Rg=500 =o B e Mo B
SUFFIT:.'\":I"E;E W = s W
k=yp  refection miio Voo = +18VIn Y, B B8R B8 B
v Teer Vo =0, Rg =G011
JAVDT HAV D)
Supply cLmenl . .
oo (per empinen /=0,  Moka T 14 28 14 28| ma
Vo1 Mo CIosstak allenualion | Ayp = 100 BT 120 120 B

T &)l chamactanslics are measured urder open-oop condlions with zem common-mode Inpul voltage unisss olhensse specied.
}Inpul bas eumrents of a FETnpuk operalional amplilier ar nomal junelion reverss curents, which are lmperalure sarellive 3 shown in
Flgura 17. Pulss kchnkquas must be used that manlain the unetion lemperalures &5 clse o the ambient Emperaturs as s possbls

operating characteristics, Voo = 215V, Ta = 25°C {unless otherwise noted)

PARAMETER TEST COMDITIONS MIN TYP Max ] UNIT
W =10, RL-2k. CL=-100pF, Seefguel| B 13
SR Sewmleduntygan [y -10v, RL-Z KL L= 100k Vi
Tp = E5CI0125°C,  Sea Figure 1 o
T Rise ime B3 5
W =20y, RL=2KR, €L =100pF, SoeFRuUE
Cvershoct tactar 20%
fealent input noise I=1kHr 18 i He
yo  Equ pu =30
n wollage Rs =10 Hz to 10 kHz 4 u
ulvakent Nt edse
I Equnatent inpu Rg = 20 01 I=1kHe B pi T
THD  Tolal harmonie distortion | 152 64 Mp=t. Rgsikd Ro22k DA03%

On produdts compliant ki MIL-PRE-3B535, INks pammealer |5 nod proouciion teshad.

Al
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TLO081, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO082Y, TL084, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEBRUARY 1877 — REVISED FEERUARY 1929

electrical characteristics, Vg =+15 V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST Ut Ul UNIT
MIN TYP MAX
Vio Input offset voltage W =0, Rg =500 3 151 my
eaTs] Temperature coefficient of input offset voltage Vo =0, Rg =501} 18 IR
ITs} Input offset current? Vio =0, 5 200 P
e Input bias current} Vo =0, 30 400 P
-12
VICR Common-mode input voltage range +11 to
15
Viom Maximum peak output voltage swing Rl =10 ki, +12  +135
Ay Large-signal differential voltage amplification Vo =10V, RL z 2 ki 25 200 Wi
B4 Unity-gain bandwidth 3 IMHz
M Input resistance 1012 Q
CMRR Common-moda rejection ratio PE‘ :rol E;!len: Yo=0, ::: :: B
ksvR Supply voltage rejection ratio (AV o /AV|0) C:‘JC‘: B_t 1evios E;QS -500 :: :E dB
Icc Supply current (per amplifier) Vo =0, Mo load 1.4 28 ma
Vo/Viop  Crosstalk attenuation Ayp =100 120 dB

T All characteristics are measured under open-loop conditions with zero comman-mode voltage unless otherwise specified.
1 Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperaturs as close 1o the ambient temperature as possible.

operating characteristics, Voo = +15V, Ty =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
SR Slew rate at unity gain V=10V, Rp=2kiy, C| =100pF SeeFigure1 8 13 Wius
Iy Rise time - ~ ) 0.05 Ls
W) =20 mVy, Rp=2kiy, C| =100pF SeeFigure —
Owershoot factor 0%,
¥y,  Equivalentinput noise voltage Rg =200 o1k 1 e
B f=10Hz to 10 kHz 4 uh
In Equivalent input noise current Rg =200, f=1kHz 0.01 p.&-".m
THD  Total harmonic distortion finﬁﬁg Ayp = R KR = 2k, 0.003%

#gmMENTS
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO82Y, TL084, TLOB4A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEERUARY 1977 - REVISED FEBRUARY 1999

Vi

PARAMETER MEASUREMENT INFORMATION

CL = 100 pF 7

Figure 1

Figure 2
100 kil
c2
H. ouT
C1 500 pF
1
IN - —Aan— N1
p— ouT
= Vee-
Figure 3 Figure 4

10 ki1

ouTt

ouTt
R = 2k

Q TEXAS
INSTRUMENTS
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TLO81, TLO81A, TL081B, TL082, TL0O82A, TL082B
TLO82Y, TL084, TLO84A, TL084B, TL0B4Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1977 — REVISED FEBRUARY 1992

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE

vs Frequency 567
Vo Iaximum peak output vollage 2 E'Efllr;l;m:! (e g
Vs Supply voltage 10
AYD Large-signal differential voltage amplification : ,E::e;u: Iryl;lnpera ture : ;
Differential voltage amplification vs Frequency with feed-forward compensation 13
Po Total power dissipation vs Free-air temperature 14
oo Supply current z ;ILT[ ﬂl rtj L:gzla ure 1;
1] Input bias current vs Free-air temperature 17
Large-signal pulse response vs Time 18
Vo Output voltage vs Elapsed time 19
CMRR Common-mode rejection ratio vs Free-air temperature 20
Vi Equivalent input noise voltage vs Frequency 21
THD Total harmonic distortion vs Fraquency 22

MAXIMUM PEAK OUTPUT VOLTAGE

MAXIMUM PEAK QUTPUT VOLTAGE

Vs vs
FREQUENCY FREQUENCY
+15 ”m‘l |||||m'| |||||||_ T 117 +15 I T T
- Vooe=215V ?L—;E'&H RL =2k
A= =
& 125 | | See Figure 2 :T Voge=+15V | | Ta=25C
) e, . +12.5 = See Figure 2
3 E
T =10 z =0
é. Veg+=+10V z
E] l‘ g Voo + =210V
& 75 +7.5
& \ £
£ a
= 5
E +5 Veg+=+5V E +5
> = v =+5V
E % CC+
: +2.5 E' 2.5
T L. +
:
\.“ = N
1] 0 1
100 1k 10k 100k 1M 10M 100 1k 10k 100k 1m  1OM

f— Frequency — Hz

Figure 5

f — Frequency — Hz

Figure 6

[P?;TRUMENTS
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TLO81, TLO81A, TL081B, TL082, TLO082A, TL082B
TLO82Y, TL084, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0B1E - FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICS?

MAXIMUM PEAK QUTPUT VOLTAGE

Vs
FREQUENCY
5 T TTTIm
- Veg+=+£15 V]
— R = 2 ki1
I Ta=25°C L
% Hzs ] A ~ See Figure 2
= \ \
o
; +10 ‘
E Ta = -55°C
: \
= 475
@
=9
; . Ta =125°C
3
5
= *25 \
3 N
=
[
1]
10k 40k 100k 400k 1M 4M 10M
f— Frequency — Hz
Figure 7
MAXIMUM PEAK CUTPUT VOLTAGE
Vs
LOAD RESISTANCE
+15 T T 1
= Veg+=+£15V
. Tp=25°C |t~
Eﬁ +12.5 |- See Figure 2 -
s =
= |
2 10
o /’/
§ 7.5 Vi
g 47,
7
= |/
® 45
=
|
3
= 12.5{
1]
01 0.2 04 07 A1 2 4 7 10

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

RL - Load Resistance - k1

Figure 9

— Maximum Peak Qutput Voltage -V

Vom

H
-
I
o

Vg~ Maximum Peak Output Voltage - V

+12.5

0

+
'y
o

H+ o
-
=

-
w

H

b
o

H
@

MAXIMUM PEAK QUTPUT VOLTAGE

Vs
FREE-AIR TEMPERATURE
R|_|: 10 kILJ
RL = 2ki
Vee+= 415V
See Figure 2
1 1
-75 -50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature - "C
Figure 8
MAXIMUM PEAK OUTPUT VOLTAGE
Vs
SUPPLY VOLTAGE
I I
Rp =10 ki?
Ta=25°C
7
/
A
2 4 [3 & 10 12 14 16

|Veg +] - Supply Voltage -V

Figure 10

Q TEXAS
INSTRUMENTS
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TLO081, TLO31A, TL0O81B, TL082, TLO82A, TL082B
TLO082Y, TL084, TLOB4A, TL084B, TLOB4Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEERUARY 1999

TYPICAL CHARACTERISTICST

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

1000 pr—

TO0
400
3 ——
; Z 200 —
5z =
£ 7 100 S,
25 70
= =]
535 40
n £
2 E 20
5 <
-JRL
oL 7
=0
g =
4 [Vegr=+15V
| Vo =+10V
B Ry =2 ki
1 | |
-75 -50 -25 ] 25 50 75 100 125
Ta — Free-Air Temperature - °C
Figure 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREQUENCY
108 T T T
Vep+=+5Vio+15W
RL = 10 ke
103 Y Tp=25C
3, N
s £ \
3> 104 0
= \ Differential Voltage
8 = L
= 2 \ \ Amplification £
EE 403 (left scale) 45° @
? E N ®
o g g
23 N 5
S e 102 90
1D \
a=
28 Phase Shift \
101 (right scale) \ 135
1 \ 180

1 10 100 1k 10k 100k 1M 10M
f - Frequency — Hz

Figure 12

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

#gT'RUMENTS
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TLO81, TLOS1A, TLOB1B, TL082, TLO82A, TL082B
TLO82Y, TL084, TLO84A, TL084B, TL0O84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICST

DIFFERENTIAL VOLTAGE AMPLIFICATION TOTAL POWER DISSIPATION
Vs Vs
FREQUENCY WITH FEED-FORWARD COMPENSATION FREE-AIR TEMPERATURE
106 T 250 T T
- Vec+ =15V
E Vece =15V 225 No Signal
= 105 ey, | C2=3pF _ a No Load
- Ta=25°C = 200 ]
% See Figure 3 % 75 \.__ |
g 104 \\ s o _TL084, TLOSS
[ T 150
2 103 \ £ 125
= m
- g 10 ot | TLOS2,TLOS2
Z 102 = 75 [—
H 3 |
a H
3 - TLOS1
£ —
ml 10 E l—--..-..____‘_-
L 25
g : o
100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125
f— Frequency With Feed-Forward Compensation — Hz Ta - Free-Air Temperature - °C
Figure 13 Figure 14
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 — 2.0 T
Veg+=+15V —
1.8 No Signal 18 TA_.‘?S £
\ No Load No Signal
16 [ 16 |- NoLoad
114 P 714
E \ﬁ.____ E
E 12 2 42
> 10 > 10
g B
s 08 a2 08
[ |
(:: 0.6 ;‘ 0.6
[&] [&]
- 04 - 04
0.2 0.2
0 1]
=75 =50 =25 ] 25 500 75 100 125 0 2 4 [ & 10 12 14 16
Ta — Free-Air Temperature —°C Voo + |- Supply Voltage -V
Figure 15 Figure 16

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

¢ TEXAS
INSTRUMENTS
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TL081, TLO81A, TLO81B, TL08Z, TLO82A, TL082B
TL082Y, TL084, TLOB4A, TLO84B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1929

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT
Vs VOLTAGE-FOLLOWER
FREE-AIR TEMPERATURE LARGE-SIGNAL PULSE RESPONSE
100 & -
E v ' Veo+ =415V
EVeeo+=+15V RL=2 k&
I" B / Cp =100 pF

Tp=25C
< /1 3 )
o 10 @ Output
et - 4]
E - E 2
5 S
° Ifl z /
8 = 0
g = s \
2 F 2 \
£ A s _2
I / g {
2 01 E‘ Input
= - \
—t
0.01 | -6
-50 -125 1] 25 50 75 00 125 0 05 1 15 2 25 i 35
Ta, - Free-Air Temperature - °C t-Time—pus
Figure 17 Figure 18
OUTPUT VOLTAGE COMMON-MODE REJECTICN RATIO
Vs Vs
ELAPSED TIME FREE-AIR TEMPERATURE
28 89 T T
Voeo+=£15V
24 %; Ry = 10 ki
L, o 88
E 20 &
[ g 7
& 18 Vecr =215V 2
= CC+==z 2
s RL=2ki ]
= 12 C =100 pF o 86 —
i Ta=25°C 3 il
S 3 See Figure 1 E
1 g2 8
:‘9 4 g
~ .
! 84
0 i3
=
o
_4 83
0 02 04 06 08B 10 12 -75 -50 -25 0 25 50 75 100 125
t- Elapsed Time —us Ta, — Free-Air Temperature —-°C
Figure 19 Figure 20

1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

INQQTRUMENTS
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TLO81, TLO81A, TL081B, TL082, TLO82A, TL082B
TLO82Y, TL084, TLO84A, TLO084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0B1E — FEBRUARY 1977 — REVISED FEERUARY 1999

TYPICAL CHARACTERISTICST

EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION
Vs Vs
FREQUENCY FREQUENCY
50 T T T 11 TE
E Ve =15V = Veo+=+15V
Ayp =10 04 ™ Ayp =1
3 o \ Rg=200 2 — VijRms) =6V
I Ta=25°C I |- Ta=25°C
£ \\ 5 o #
> 30 a
@ =] 1
= o 0.04
= g I
£ 2 i =
é = 0.01
S 10 o 0.004
i} =
| =
5
0 0.001
10 40 100 400 1k 4k 10k 40K 100k 10 400 1k 4k 10k 40k 100k
f— Frequency — Hz f — Frequency - Hz
Figure 21 Figure 22
T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
APPLICATION INFORMATION
Rf = 100 k2
R1 i
Output Input A —— QOutput
Ci=
1 ki) T Vee-
1 R3 R1=R2=2(R3)=1.5Mi}
33k0 c1 c2 _mg_ C3 _
c1=cC2= =110 pF
9.1 k2 It IE =z
- 1 \Y | i
2t RF CF =l fo= ZrRicy — KHz
Figure 23 Figure 24

Q TEXAS
INSTRUMENTS
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TL081, TLO81A, TLO81B, TL082, TLO82A, TL082B

TLO82Y, TL084, TLO84A, TLO84B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1977 — REVISED FEBRUARY 1929

APPLICATION INFORMATION

1uF

Vee+

1 ML)
o
Vee+
j‘xL\\
TLO84
nput — . ;;,1[7"

100 kQ
100 k

Vee+

2

Vee+

TLOB4

Y

Figure 25. Audio-Distribution Amplifier

1N4148

L 2 AP

g 18 kil
see Note A
18 pF 1k0) [ )
If

1Y

6 sin ot
18 pF
I£
|13
Vee+
88.4 ki
b AAA
88.4 k2
Yeeo-
18 pF
I—u
L 88.4 ki1

Vee+
102 _

TLOB4 —  Qutput A

TLOS4 ——  Output B

Output C

-15V

6 cos wt

TLO82

1N4148 18 k2
[see Note A)

15V

W

MOTE A; These resistor values may be adjusted for a symmetrical output,

Figure 26. 100-KHz Quadrature Oscillator

[P?;TRUMENTS
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO82Y, TL084, TLO84A, TL084B, TL0O84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEERUARY 1977 — REVISED FEERUARY 1999

APPLICATION INFORMATION

16 k(1 16 k(!
220 pF 220 pF
I Ir
K I
43 kil 30 ki 43 kil 30 ki
Vee+ Vee+
_Bxa L 2o0pF Vees 220 pF Vee+
Input It Iﬁ\ 43K0 sk s 43 k0
TLOB4. T TLI&4, m Qutput
4 TLOB + TLOB B
+ | 4+
1.5 kit Vee- 1.5 kit § Veo -
Vee- Vee-
L
Output A -
Output A Output B
Vi /l
e * S
| L l o
1 o
2 kHz/div
Cascaded Bandpass Filter

2

kHz/div

Second-Order Bandpass Filter
fo =100 kHz, @ =30, GAIN =4

fg = 100 kHz, @ = 69, GAIN =16

Figure 27. Positive-Feedback Bandpass Filter

¢ TEXAS
INSTRUMENTS
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TL081, TLO81A, TL081B, TL082, TLO82A, TL082B
TL082Y, TL084, TLO84A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1977 — REVISED FEERUARY 1009

MECHANICAL DATA
D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

l] 050 {I 27)

0.020 (0.51)

_'||' 0,614 (0,35)

14

|:| H |:| |:| H |:| H | 0.008 (0,20) NOM

0.244 (6,20) l

0.228 (5,80)

0.157 (4,00}
0.150 (3,81)

4

Gage Plane

[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

SRR

UL 4 seatnopine ]

0.010 (0,25) | [~ [ 0.004 0.10) S
0.069 (1,75) MAX 2.004 (0.0}
s 8 14 16
DIM

- 0197 | 0344 | 0304
A MAX i5,000 | 1875 | 110,00y

0,189 | 0237 | 0386

A MIN a0 | w@ss | (980

4040047 /D 10/96

NOTES: A Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mald flash or protrusion, not to exeeed 0.006 (0,15).
Falls within JEDEC M3-012

oom

Il\?;TRUMENTS
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO82Y, TL084, TLO84A, TLO084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
18 17 16 15 14 13 12 TE:%IS:LS A B
" mn | omax | omin | max
] 0342 | oase | 0307 | o02ss
20 @69 | @om | men | ©09
- 0.442 0.458 0.406 0.458
(1123 | 163 | oz | 11,63
" 0640 | 0.660 | 0.495 | 0560
(1628) | (1676 | (12,58) | (14,22)
6 0720 | 0761 | 0495 | 0560
(18.78) | (1932 | (1258) | (14,223
o 0038 | 0062 | 0850 | 0858
2383) | 2443 | @18 | @18
1441 | 1165 | 1.047 | 1.083
& @99 | 059 | @6 | @0

26 21 2 1 2 3 4

0.020(0,51) 0.080 (2,03)
0.010(0,25) _.I |! | |l ’ 0.064 (1,63)
f 0.020 {0,51)
0.010 {0,25)
0.055 (1,40)
0.045 (1,14
( ) 0.045(1,14)
= 0.035 (0,89)
b
0.028 (0.71) _.| I'_ 0.045 (1,14)
0.022(0,54) 0.035(0,589)
0,050 (1,27)
4040140/ D 10/96
NOTES: A, Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metallid.
0. The terminals are gold plated.
E. Falls within JEDEC MS-004

Q TEXAS
INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL08Z, TLO82A, TL082B
TL082Y, TL084, TLO84A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E - FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE
14 PIN SHOWN

PINS *

14 16 18 20

DIM

0.310 0.310 0.310 0.310

5 A MAX 7sn | 7en | 7en | qan

0290 | 0290 | o290 | 0290

I}\dl e Ta T e F'BW A MIN 7an | @an | @an | @an
0.785 0.785 0.910 0.975
T BMAX | (tog | (1984 | (23,10 | 24.77)

) C

0755 0.755 0.930
l B MIN poas | (e | —— | 236

U UL 0300 | 0.300 | o200 | 0,300
1 7 CMAX | 760 | mé | me) | @62
LAl 0245 | 0245 | 0245 | 0248

0.045(1,14) C MIN 622 | ®22 | ©22 | B2

0.100 (2,54)
o s 0.020 {uiﬁnmm A —
0.200 (5,08) MAX
¢ Seating Plane

t 0.130 (3,30) MIN

o 023 m 58)
0.015 (0,38) 0.014 (0,36)
0.008 (0,20)

4040083/D 08108

MNOTES: Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a ceramic lid using glass frit.

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIF1-T14, GOIF1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22.

mooms
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TLO81, TL081A, TL081B, TL082, TL082A, TL082B
TLO82Y, TL084, TLO84A, TL08AB, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSOE1E - FEBRUARY 1977 — REVISED FEERUARY 1999

MECHANICAL DATA
JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE PACKAGE

» 0.400 (10,20)
0.355 (9,00) —

N Y Y

) 0.280 (7,11)
0.245 (5,22)

W

1 4
0.065 {1,65)
0.045 (1,14)
0.310 (7.87)

0.020 (0,51) MIN —| Ssnirio)

f
0.200 (5,08) MAX r
¢ Seating Plane
T 0.130 (3,30) MIN )
L JLOOB{U%} -—-.-L—/ i

0.015 (0,38) 0.014 (0,36)
0.008 (0,20)

0.063 (1,60)
0015038 M

0.100 (2,54)

4040107/C 08/96

NOTES: Ao Alllinear dimensions are in inches (milimeters).
B. This drawing is subject to change without notice
. This package -:anl hermetically sealed with a ceramic lid using alass frit.
0. Index point is pr d oneap for terminal identification only on press ceramic glass frit seal only.
E. Falls within MIL-STD-1835 GDIP1-T&
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TL081, TLOB1A, TLO81B, TL082Z, TLO82A, TL082B
TL082Y, TL084, TLOB4A, TLO84B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FERRUARY 1929

MECHANICAL DATA
N (R-PDIP-T**)

PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN

PINS **
14 16 18 20
DM
. . 0.775 0.775 0.920 0.975
A A MAX (19,69) | (1969 | 2327 | 24.77)
16 9 A MIN 0.745 0.745 0.850 0.940
™M™ ™™™ Lt loill (18,92) (18,82) (21.59) (23,88)

:) D,ZGI}T[B.BDJ

0.240 (5,10)

P2 =y e iy e o

1 8
0.070 (1,78) MAX

Il— 0.035 (0,89) MAX 0.020 (0,51) MIN —| » 0.310 (7.87)

" 0.290 (7,37)

0.200 (5,08) MAX
l_ Seating Plane
T 0.125 (3,18) MIN

0.021 (0,53)

0,015 (0.38) LS 0.010(0.25) (|

i , 0°-15

0.010 (0,25) NOM

14/18 PIN ONLY

4040049/C 08/95

MOTES: A All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 {20 pin package is shorter then MS-001.)

[N¢;TRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS T5265
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TLO31, TLO81A, TL081B, TL082, TL0O82A, TL082B
TLO82Y, TL084, TLO84A, TLOS4B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E— FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
P (R-PDIP-T8) PLASTIC DUAL-IN-LINE PACKAGE

0.400 (10,560)
0.355 (9,02)

0.260 (6.60)
0.240 (5.10)

| N [y SN R S S—

1—J L— 4
0.070 (1,78) MAX
0.310 (7.87)

0.020 {0,51) MIN [ 0.290(7.37)

‘ 0.200 {5 08) MAX
Seating Plane
0.125 (3,18) MIN

Tt [eloen e @
0.015 (0,38) 0010025 €3 0.010(0,25) NOM

4040082/B 03195

MOTES: A, Alllinear dimensions are in inches imillimeters).
B. This drawing is subject to change without notice
C. Falls within JEDEC M3-001

¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TL081, TLO81A, TLO81B, TL082, TLO82A, TL082B
TL082Y, TL084, TLOB4A, TL084B, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FERRLUARY 1929

MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

0,30
r *|r 570 (@[ 010 @
14 8

HHAHH AR
T 0,15 NOM
!

450 6,60

130 52

O l t Gage Plane ff 1
LELEEL)

— A —P

3
I A & Seating Plane o ]
|_ 1,20 MAX 015 _T -_T \/
: 0,05 Em
PINS **
T 8 14 16 20 24 28
A MAX 3,10 5,10 5,10 6,60 7.90 9,80
A MIM 2,90 490 4.90 540 770 960

4040064 /E 08196

MOTES: A All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do notinclude mold flash or protrusion not to exceed 0,15,
Falls within JEDEC MO-153

Oom

IB?QTRUMENTS
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TLO81, TL0O81A, TL0B1B, TL082, TLO82A, TL082B
TLO82Y, TL084, TLO84A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0B1E— FEERUARY 1977 — REVISED FEERUARY 1999

MECHANICAL DATA

U (S-GDFP-F10) CERAMIC DUAL FLATPACK
0.250 (6,35}
i 0.246 (6,10 ’
| | il
[ I i
i T 3
| 0.006 (0,15) _|

| | 0.004(0,10)

0.080 (2,03) | |

0.050 (1,27) | [ 0.045 (1,14)
| | 0.026 (0,66)
| |
| [

lq_ 0.300 (7.62) —'| 0.350 (8,89)

0.350 (8,89)
0.250 (5,35) !
1 10

0.250 (6,35)
I 0.019 {0,48)
H 0.015 (0,38)
[ 1o — |—£
! & F
[ ] [ ]
B : 0.050 (1,27) |
0.250(6,35) L — — ]
| i
[ - I ]
| |
[ | = |—*—
| |
| > 8 | 10.025(0,543
0.005 (0,13)
1.000 (25,40)
* 0.750 (19,05) b |

4040179/B 03/95

NOTES: Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice,

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFP1-F10 and JEDEC MO-092A4

moom®
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TLO81, TLO81A, TL0O81B, TL082, TLO82A, TL032B
TL082Y, TL084, TLOB4A, TL0O84B, TL034Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0S1E — FEBRUARY 1977 — REVISED FEBRLUARY 1999

MECHANICAL DATA
W (R-GDFP-F14) CERAMIC DUAL FLATPACK

Base and Seating Plane

0.260 (6.,60)
‘ 0.235 (5,97)
[ | +
| I i
T T I 3
i L |
| | 0.007(018) |
I I 0.004 (0,10)
0.080 (2,03) | I
0.045 (1,14) I I 0.045 {1,14)
I I 0.026 (0,66)
e 0.280 (7.11) »l
0.360 (9,14) o 0.255 (6,48) » 0.360 (9,14)
‘ 0.240 (8,10) 0.240 (6,10)
1 14 0.019 (0.48)
— _ 3§ 0015(0,38)

_;F

0.050 (1,27)

0.390(9,91) |
0.335 (8,51)

0.025 {0,64)

! _L 0.015 {0,38)
[ 1 ! ]

7 5 T

1.000 (25,40)
0.735 (18,67)

4040180-2/B 03/95

MOTES: Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.

Falls within MIL STD 1835 GDFF1-F14 and JEDEC MO-092AB

moom®
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to abtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sald
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and ather quality contral techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necassarily
performed, except those mandated by government requirements.

CERTAIMN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS™. TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask waork right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endarsement thereof.

Copyright © 1999, Texas Instruments Incorporated



