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MANHIN

TABLE 3.1 Summary of Parametres and Formulas for Digital PLLs

Parameter
category Symbol Parameter Deflinition
General [N Center frequency of the  Anpular frequency of the VCO at He =0
vCO
.7, Titne constanis of loop
filter
o, Natural frequency of the ¢9,, is the natura; frequency of the PLL system.
PLL The PLL responds to an excitation at its input with a transient,
Nomally a darmped oscillation with angular frequency @
4 Damping factor L/, & = time constant of the damped osciilator
Acquisition Aoy, Hold range Frequency range within which PLL operation can be statically stable
If the frequency offset of the reference signal is smaller then the lock
Ao, Lock rang range, the PLL locks within one signal-beat note between reference
and outpui frequencies
Time required for the lock-in process
T ) Lock-in Hme
If the frequency offset of the reference signal is pull-in range, the PLL
Am, Pull-in range will slowly lock after number of beat notes between reference and

output frequencies

Time required for a pull-in process

T, Pull-in tirne




Formulas for second-order PLLs

Type of loop filter

Passive lag Active lag Active P1
KX, KKK, X.K,
o, = @, = |—————— W, =
N +1, Nt N1,
N N N N g:wnTZ
31" Tk, 2" Tk kK, 2
PD is not PFD c= C'J,,ZTZ e az,:‘zr2 o= “"-2"’2
PD is FFD
K K,ml2 KK, K, x/2
PD = EXOR Aoy, = =2t Ao, g Aoy > @
PD =JK-flipflop Amg=efel ra, = KoKakom
N N Artrmr———>
< —_—
Aoy >«
PD = PFD " _s
é.._
PD = EXOR Ay = 150, _—
2
PD = JK-flipflop Aay =250,
PD =PFD <« Ao, = dnrce, - 5
T, ~ ir
o,
PD =EXOR Low-gain loops Low-gain loaps A@, = ®
Aw, :%,/2gmnkﬂxd P Awy = -;i‘hgmnKGK‘, -0 K,
High-gain loops High-gain loops
¥4
Acrp = %ngwnKaKd’ Acx =E s, KK,
Low-gain loops Low-gain loops
Ao, =120, K K, - &} Ad, =:rJ2ga),,KaKd -l /K,
High-gain loops High-gain loops Aw, 5 @
—_—>
Aw, =120 KK, Avy = 12 o0, K K,
— E—
PD = PFD - Adp @ _—
4 Awm
T, -~
PD = EXOR "o,
. . Am}
PD= JK-Flipflop T
T, =
PD =PFD T, = ’
’ KU, 12) K KU, 12) r o _2nbe,

2, + rl)lnxu v, /2)- A,

2
W, 12)- A,

N T
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1: RTS BIT P1.7

2:

3: Din BIT P2.2

4: CLK BIT PZ2.1

5: ENB BIT P2.0

6: DinA BIT P2.6

7: CLKA BIT pP2.7

8:

9 CONTROL BIT B3.5

10: LCD EN BIT P3.6

11+ LCD RS BIT P3.7

12:

13: LCD ADDR EQU 35H

14: LCD DATA EQU 3¢H

15: NUM1 EQU 37H

16: NUMZ EQU 38H

17: DATA KEY EQU 39H

18: STORE1l EQU 3AH

19: STOREZ2 EQU 3BH

20: COUNTO EQU 3CH

21: NUM3 EQU 3DH

22: COMPARE EQU 3EH

23: LINE PROG EQU 3FH

24 STORE_NH EQU 40H

25: STORE _NL EQU 41H

26: STORE4 EQU 42H

27: STORES EQU 43H

28: COUNT1 EQU 44H

29: TAM 1 EQU 45H

30: TAM 2 EQU 46H

3i: TAM 3 EQU 47H

32: NUM{ EQU 48H

33: STORE3 EQU 494

34: TO_PLL EQU 4AH

35: SUM EQU 4BH

36: MO DATA EQU 4CH

37:

38: FLAGO EQU 2FH

39: G_FLAGI1 BIT FLAGO.7 ;SET HAVE
40: G_FLAGZ BIT FLAGO.#® ;SET NO HAVE
41: G_FLAG3 BIT FLAGO.5 }SET ON

42: G_FLAG4 BIT FLAGO.4 /SET OFF
43: G_FLAGS BIT FLAGO.3 JSET USE TIMER
44: G_FLAGSH BIT FLAGO.Z SSET TIMER TO 30mS
45: G_FLAGY BIT FLAGO.1 sSET HOW PRESS 1:0ON
46: G_FLAGE BIT FLAGO.D ;SET HOW PRESS 2:0FF
47

48

49 ORG 0000H

50: AJMP INITIAL

51;

52: ORG 000BH

53: AJMP SUB_TO

54:

55: INITIAL: MOV IE, #10000010B
56: MOV SCON, #01000000B
57: MOV TMOD, #00100001B
58: MOV TH1, #0D0H

59: MOV TL1, #0D0H

60: SETB TR1

6l:

62: MOV THO, #00H

€3: MOV TLO, #78H
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64 : SETB TRO

65:

66 SETB RTS

67; MOV SUM, #10H

68: ACALL RD DIP

©9;:

70: SETE P3.0

71: SETB P3.1

72:

T3 CLR LCD“EN

74: CLR LCD_RS

75 LCALL INIT LCD

76: -

173 MOV LCD_ADDR,#OOH
78: ACALL  SET ADDR_LCD
79: MOV DPTR,#DATA_l
80: ACALL  WRLINE_LCD
B1: LCALL DELAY 500mS
B2: N

B3: MOV LCD_ADDR,#OOH
84: ACALL  SET ADDR_LCD
85: MOV DPTR, #DATA 1
86: ACALL WRLINE_LCD
87: LCALL DELAY 500mS
88:

B89: PAGE 1: MOV 2FH, #00H

30:

81: PAGE 2: LCALL PAGE 2A

92 :

93: ANTY: MOV LCD ADDR, #4AH
94: LCALL  SCAN KEY

95: LCALL LCD _BLINK
96: JNB P1.0,8

57: JNB P1.1,5

SB: JNB Pl.2,5

99: JNB P1.3,5

100: MOV Fl, #0FFH
101: MOV STORE NH, DATA KEY
102: MOV A,DATA KEY
103: CJINE A,#'*',AANT
104: AJMP PAGE_l

105:

106: AANT: MOV LCD_ADDR,#4EH
107: LCALL SCAN KEY
108: ACALL OFF_CURSOR
109: JNE P1.0,5%

110 JNB P1.1,5

111: JNB Fl.2,5

112: JNB P1.3,3

113: MOV P1l, #0FFH
114: MOV STORE_NL,DATAWKEY
115: MOV B, DATA KEY
116: CJINE A, #'%7 AANTI
117: AJMP PAGE_1

118:

119: FCONDITION COMPLETE
120: AANTI1: MOV A, #0FH

121: ANL A,STORE NL
122: MOV B,A

123: MoV A, #0FH

124: ANL A,STCRE_NH
125: SWAP A

126: ORL A,B
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127: MOV NUM1, A

128:

129: CJNE A,#O,KEYisYMML

130: ACALL DELAY_lOOmS

131: ACALL  DELAY_100m$

132: ACALL DELAY 100mS

133: AJMP PAGE 2

134: -

135: KEY_SYMML: MOV A, NUM1

136; CLR C

137: SUBB A, #65H

138: JC KEY SYM ;DATA =< 64H IF CK

139: ACALL  DELAY 100mS

140: ACALL DELAY_IOOmS

141: ACALL  DELAY 100mS

142 AJMP PAGE_2

143:

144: KEY_SYM: LCALL SCANiKEYﬁSYM FRN |

145: MOV A,DATA_KEY ; CLOSE LOOFP SCAN B
ENTER&BACK

146: CINE A, #7*',KEY SYM1 ;  (@BACK

147: LJMP PAGE_I FE

148: NOP s 8

149: KEY S5YMI: CJNE A,#‘#',KEY_SYM ; @ENTER

150

151:

152; PAGE_3: LCALL PAGE_BA ; HAVE GIVE VALUFE

153: KEYWSYMZ: LCALL SCAN_KEYBCHK H @

154: MOV 2FH, #00H

155: MOV A,DATA KEY ; CLOSE LOCP SCAN o
ENTER&BACK

15¢&: CJINE A,#BIH,KEY_SYM3A ;  [BBACK

157: JCONDITION COMPLETE

158: SETB G_FLAG?

159: LJMP PAGEﬁ4 ; @

160: KEY SYM3A: CJNE A, #32H,KEY SYM3 ; @BACK

lel: JCONDITION COMPLETE

162; SETB G_FLAGS

163: LJMP PAGE 4 ; @

164: s 8

165: KEY_SYMB: CJINE A,#'*',KEY_SYMZ ; @ENTER

166: LJMP PAGE_Z

167:

168: PAGE 4: LCALL  PAGE 4A

169: PCONDITION COMPLETE

170: PAGE_4AT2: JNB G_FLAG7, PAGE_4AT1

171: MOV LCD_ADDR,#46H

172: ACALL  SET_ADDR_LCD

173; MOV DPTR,#DATA_13

174: MOV LINE_PROG,#3

175: ACALL WRLINEMLCDAPRO

176: SJMP KEY_SYM4

177:

178: PAGE_4AT1: JNB G_FLAGB,PAGE_4AT2

179: MOV LCD_ADDR,#46H

180: ACALL SET“ADDR_LCD

181: MOV DPTR, #DATA 14

182: MOV LINE_PROG,#B

183: ACALL WRLINE LCD PRO

184: SJIMP KEY_SYM4

1856:

18¢: KEY_SYM4: MOV 2FH, #00H

187: LCALL SCAN_KEY S5YM ;@

188: MOV A,DATA_KEY ; CLOSE LOQOF SCAN B
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188: ENTER&BACK

189: CJINE A, #'*',KEY SYM5 ;  @BACK

190: LJMP PAGE 2 ;@

191: NOP ;e

192: KEY SYM5: CINE A, '#',KEY SYM4 ; @ENTER

193:

184:

195: PAGE 5: LCALL  PAGE_SA

196: ACALL  DELAY_ 100mS$

197: sRABAERAAHAR A AR

198: MOV A, #00111111B

199: ANL A, NUM1

200: ORL A, NUM3

201: MOV NUM4 , A

202:

203: MOV SBUF, $0FFH

204: JNB TI,$

205: CLR TI

206:

207: NOP

208: NOP

209: NOP

210:

211: MOV SBUF, A

212: JNB TI,$

213: CLR T1

214: JHREREFARERAR AR B 44

215: ACALL  LCD CLR

216: AJMP PAGE_1 ;SHOW PAGE_7A OR PAD
GE_8A -->PAGE 1

217:

218: ;**t*t***********k******t********************ttt*t*tttt****** ‘)

219: ; SUB PROGRAM

220: ’-tf*************************************i*tt****tt**t***tt*** ()

221: SCANKEY SHOW: LCALL  SET_ADDR_LCD

222: MOV LCD _DATA, DATA_KEY

223: LCALL  WRCHAR LCD

224: RET

225: ;*******************rt**i’****tti’i’tttttt*i’**************t***** ‘)

226: SCAN KEY: LCALL RD_DIP

227: MOV P1, #0FFH

228: SETE P1.6

229: CLR Pl.4

230: JB P1.0,SCAN KEY1

231: ACALL  DELAY 10mS

2321 JB P1.0,SCAN KEY1

233: MOV DATA KEY, 331H

234: ACALL  SCANKEY SHOW

235; RET

236:

237: SCAN KEYI1: JB P1.1,SCAN KEY2

238: N ACALL  DELAY 10mS

239: JB P1.1,SCAN_KEY2

240: MOV DATA KEY, #34H

241: ACALL  SCANKEY SHOW

242;: RET

243:

244: SCAN KEY2: JB P1.2,SCAN_KEY3

245: ACALL  DELAY 10mS

246: JB P1.2,5CAN KEY3

247: MOV DATA_KEY, #37H
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248: ACALL SCANKEY SHOW
249: RET a

250:

251: SCANiKEY3: JB P1.3,SCAN_KEY4
252: ACALL  DELAY 10mS
253 JB Pl.3,SCAN_KEY4
254: MOV DATA KEY, #'+'
255: SETB P1.4

256: RET

257

2H8: SCAN_KEY4: SETB Pl1.4

25H9: CLR P1.5

260: JB Pl.0,SCAN _KEY5
261: ACALL DELAY_IOmS
262: JB P1.0, SCAN_KEY5
263: MOV DATA KEY, #32H
264: ACALL SCANKEY SHOW
265H: RET

266

267: SCAN_KEY5: JB Pl.l,SCAN_KEYG
268; ACALL  DELAY 10mS
269: JB Pl.1,SCAN KEY6
270: MOV DATA_KEY, #35H
271: ACALL SCANKEYﬁSHOW
272: RET

273:

274: SCAN KEY6: JB P1.2,SCAN_KEY7
275: ACALL  DELAY_ 10mS
276: JB P1.2,SCAN KEY7
277: MOV DATA_KEY, #38H
278: ACALL SCANKEY SHOW
279: RET

280:

281: SCAN_KEY7: JB P1.3,SCAN_KEY8
282: ACALL DELAY 10mS
283: JB P1.3,SCAN KEY8
284: MOV DATA_KEY,#BOH
285: ACALL  SCANKEY SHOW
2B6: RET

287:

288: SCAN_KEYB: SETB P1.5

289: CLR Pl.6

290; JB Pl.O,SCAN_KEY9
291: ACALL DELAY_lOmS
292: JB P1.C,SCAN KEYS
293: MOV DATA_KEY,#33H
294: ACALL SCANKEY_ SHOW
295; RET

296:

297: SCAN_KEYQ: JB Pl.l,SCANﬁKEYlO
298: ACALL DELAY_lOmS
299; JB P1.1,3CAN KEY10
300: MOV DATA KEY, #36H
301: ACALL SCANKEY_ SHOW
302: RET

303:

304; SCAN_KEYIU: JB Pl.2,SCANMKEY11
305: ACALL DELAY_lOmS
306: JB P1.2,SCAN_KEY11
307: MOV DATA_KEY,#39H
308: ACALL SCANKEY_SHOW
309: RET

310:

311; SCAN KEY11l: AJMP SCAN _KEY
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312: ;****t**#*****************tttt***tt*******************t******

313: SCAN“KEY3CHK:
314:

315:

316:

317:

318:

319:

320:

1 (CANCEL)

321:

322:

323:

324:

325: B _CHECK:
32¢6:

327:

328:

329:

330:

331:

332:

333:

334:

335: B CHECKI:
33¢6:

337:

338:

339:

340:

341:

342:

343:

3442

LCALL
MOV
SETB
CLR
JB
ACALL
JB
MOV

JNB
SETB
RET

SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

SETBE
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

RD DIP
P1, #OFFH

Pl.6

P1.4

P1.0,B CHECK
DELAY 10mS
P1.0,B CHECK
DATA_KEY, #31H

P1.4

P1.5
P1.0,B_CHECKI
DELAY 10m3
P1.0,B CHECK1
DATA_KEY, #32H
P1.0,%

P1.5

P1.5

Pl.4

P1.3, SCAN_KEY3CHK
DELAY 10mS

P1.3, SCAN_KEY3CHK
DATA_KEY, #'*"
P1.3,%

P1.4

345: ;**************************t**tt**ttt*ttﬁt*******************

346: SCAN KEY1 2:
347:
348:
349:
350:
351:
352:
353:

354
355:
356:
357:
358: A_CHECK:
359:
360:
361:
362:
363:
3e4d:
365:
366:

LCALL
MOV
SETB
CLR
JB
ACALL
JB
MOV

JNB
SETB
RET

SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

RD_DIP

P1, #0FFH

P1.6

P1.4

P1.0,A CHECK
DELAY 10mS
P1.0,A CHECK
DATA_KEY, #31H

P1.0,%
P1.4

P1.4

P1.5
P1.0,SCAN KEY1 2
DELAY 10mS
P1.0,SCAN_KEY1 2
DATA KEY, #32H
P1.0,%

P1.5

367: ;tt*#***tt**tt************************************t*#**t**t**

368: SCAN_KEY1l 2X:
369:
370:
371:

LCALL
MOV
SETB
CLR

RD DIP
P1, #0FFH
Pl.¢6
P1.4

;PRESS KEY )

s PRESS KEY 2

#PRESS KEY *

;PRESS KEYI)

sPRESS KEYZ2
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372:
373:
74:
375:

376:
377:
378:
379:
380: A CHECKX:
381:
382:
383;
384:
385;
386:
387:
388:

JB
ACALL
JB
MOV

JNB
SETB
RET

3ETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

P1.0,A CHECKX
DELAY_ 10mS

P1.0,A CHECKX
DATA KEY, #31H

Pl.4
P1.5
P1.0,SCAN_KEY1 2X
DELAY 10mS
P1.0, SCAN KEY1 2X
DATA KEY, #32H
P1.0,3

P1.5

389: ’-********i’i’i’tt****t***i‘********i'i'**i'*i’********t****f**tttf***

390: SCAN_KEY1 ZER:
391:
392:
393:
394;
395
3%6:
397:

398:
399;
400:
401
402: A CHECKER:
403:
404
4052
406:
407
408:
409;
410:
411
412: SCAN_KEYER:
413:
414;
415:
416:
417:
4182
419;
420:
421:
422: A CHECK1ER:
423:
424;
425;
426:
427
428:
429:
430:
431:

LCALL
MOV
SETB
CLR
JB
ACALL
JB
MOV

JNB
SETB
RET

SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

RC DIP
P1, #0FFH

P1.6

P1.4

P1.0,A CHECKER
DELAY 10mS
P1.0,A_ CHECKER
DATA KEY, #31H

P1.0,$%
P1.4

Pl.4
P1.5

P1.0,SCAN KEYER
DELAY 10mS
P1.0, SCAN_KEYER
DATA KEY, #32H
P1.0,5%

P1.5%

P1.5

Pl.4

P1.3,A CHECKIER
DELAY 10mS
P1.3,A CHECK1ER
DATA_KEY, #'*'
P1.3,8

P1.4

P1.4
P1.6
P1.3,SCAN KEY1 2ER
DELAY 10mS
P1.3,SCAN_KEY1l 2ER
DATA_KEY, 4'#'
P1.3,$

F1.6

432: ;*****i’i’**i’*t******************:l'*****ttt*ti—ttti—*tt***t*ttt***

;PRESS KEY1)

s PRESS KEYZ

;PRESS KEY1)

/PRESS KEY2

;PRESS KEY*#

;PRESS KEY#

Y
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432:
433: SCAN_KEY SYM:
434
435
436:
437:
438:
439:
440:
441:
442:
443:
444:
445: A CHECKI:
446;
447;
448:
449:
45071
451
452:
453
454

LCALL
MOV
SETB
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

SETE
CLR
JB
ACALL
JB
MOV
JNB
SETB
RET

RD DIP

P1, #0FFH

P1.6

P1.4

P1.3,A CHECKI1
DELAY 10m$
P1.3,A CHECKI
DATA KEY, #'*"
P1.3,5

. Pl.4

P1.4

P1.6
P1.3,SCAN_KEY SYM
DELAY_10mS
P1.3,SCAN KEY_ SYM
DATA_KEY, #"4"
Pl.3,%

Pl.6

455: ;*******************************************************tt***

456: PAGE 2A:
457;
458 :
459:
460:
461:
462:
463:
464
465:;
466
467:
468:
469:
470:
471:
472
473:

ACALL
ACALL
MOV
ACALL
MOV
ACALL

MOV
ACALL
MOV
MOV
ACALL

ACALL
ACALL
ACALL
RET

LCD OFF
LCD_CLR
LCD_ADDR, #00H
SET_ADDR_LCD
DPTR, #DATA_12
WRLINE_LCD

LCD_ADDR, #43H
SET_ADDR_LCD
DPTR, #DATA 3
LINE_PROG, 9
WRLINE_LCD_PRO

CURSOR_L
CURSOR_L,
LCD_BLINK

474: ;*t***************************************i******************

475: PAGE 3A:
476
477
478
479;
480:
481:
482:
483:
484 :
485:
486:

ACALL
ACALL
MOV
ACALL
MOV
ACALL

MOV
ACALL
MOV
ACALL
RET

LCD OFF
LCD_CLR
LCD_ADDR, #00H
SET_ADDR_LCD
DPTR, #DATA 12
WRLINE_LCD

LCD_ADDR, #40H
SET ADDR LCD
DPTR, #DATA_15
WRLINE LCD

487. ;**t**t**************i***i**i*****ﬁ***tttttttt*****itt******t

488: PAGE 4A:
489
430:
491:
492:

ACALL
ACALL
MOV
ACALL
MOV

LCD_OFF
LCD_CLR
LCD_ADDR, #03H
SET_ADDR_LCD
DPTR, #DATA_3

sPRESS KEY*

s PRESS KEY#
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493 MOV LINEMPROG,#T
494: ACALL  WRLINE_LCD_PRO
495:

496:; MOV LCD_DATA,STOREMNH
497 ACALL WRCHARiLCD

498; MOV LCD _DATA, STORE NL
499; ACALL WRCHAR LCD

500:

501: MOV LCD_ADDR, #40H
502: ACALL SET_ADDR_LCD
503: MOV DPTR,#DATA_G
504: ACALL WRLINEfLCD

505: RET

506: ’-****t*tt*t*******************************t**t***************
507; PAGE_5A: ACALL LCD_OFF

508: ACALL LCD_CLR

509: MOV LCD ADDE, #00H
510: ACALL SET_ADDR_LCD
511: MOV DPTR, #DATA 18
512: ACALL WRLINE LCD

513:

514: PPZ2: JNB G _FLAG7, PPl
515: MOV NUM3, #01000000B
516: LCALL SEND_DATA

517; RET

518:

519: PP1: JNB G_FLAGS,PP2
520: MOV NUM3, #00000000B
521: LCALL  SEND DATA

522: RET

523: ;***************************t**i—***i—i—****t****t*******fﬁ*****
524: SEND_DATA: MOV A, NUM1

525: MOV NUM2, NUM1

526: ANL A, #0F0H

527: SWAP A

528: MOV B,#6

529: MUL AB

530: MOV R2,A

531: MOV A,NUM1

532: CLR C

533: SUBB A,R2

534: MOV NUM1,A JHEX REAL
535: DEC NUM1

536:

537: sEENEHRHFRA AR A RS
538: MOV A,#001111118B
533: ANL A,NUM1

540: ORL A,NUM3

541: MOV NUM4 , A

542:

543: MOV SBUF, #0FFH

544: JNB TI,$

545: CLR TI

546:

547: ;LCALL DELAY 30uS

548: NOP

549: NOP

550: NOP

551:

552: MOV SBUF, A

553: JNB TI,$

554: CLR TI

555: IEEETEEEE ST R SRR SRS L)
556: RET
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557:

558: ;*****t***ti’**i’i’i’i’i’i’***ti‘**i‘*ﬂ'i’ti’i’i’****i’*********************

559: INIT LCD:
560:
561:
562:
563
564:
565:
566:
567:
568:
569:
570:
571:
572:
573:

ACALL
ACALL
CLR
MOV
ACALL
ACALL
MOV
ACALL

ACALL
ACALL
MOV
ACALL
ACALL
RET

DELAY 100mS
DELAY 100mS
LCD RS

PO, $00111000B
LCD_CLK

DELAY 10mS
PO, #00111000B
LCD_CLK

LCD_OFF
LCD CLR
PO, #00000110B
LCD_CLK
LCD_HOME

574: ;************t*************************t*t******ﬁ************

575: LCD_CLR:
576:
577:
578:
579:

CLR
MOV
ACALL
RET

LCD_RS
PO, $00000001B
LCD_CLK

580: ;***************i****#****************t*i******ﬁ*i***********

581: LCD_HOME:
582:
583:
584:
585:

CLR
MOV
ACALL
RET

LCD_RS
PO, #00000010B
LCD_CLK

586: ;**************************************t****t***tt****ff*****

587: ADDR_DEC:
5B8:
589:
590¢:
591:

CLR
MOV
ACALL
RET

LCD RS
PO, #00000100B
LCD_CLK

592: ;**************#*t**t**tt**t***tt******t*t***********ttt*****

593: ADDR_INC:
594;
595:
596:
597:

CLR
MOV
ACALL
RET

LCD RS
PO, $00000110B
LCD CLK

598: ;*****************************************ii*****************

599: LCD ON:
600:
601:
602:
603:

CLR
MGV
ACALL
RET

LCD_RS
PO, #00001100B
LCD_CLK

604: ;ti****tttttt*t**********************************************

605: LCD OFF:
606:
607:
608:
609:

CLR
MOV
ACALL
RET

LCD_RS
PO, #00001000B
LCD_CLK

610: ;*i*************ﬁ***********t****t***************************

10
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R ]
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€10:

611: CURSOR R:
612:
613:
614:
615:

CLR LCD RS

MOV PO, #00010100B
ACALL  LCD_CLK

RET

616: ;iitit*tt**************tt*ttt***#************i****it*********

617: CURSOR L:
618:
619:
620:
621:

CLR LCD RS

MOV PO, #00010000R
ACALL LCD CLK

RET

622: ;***********************i****tt*ttt*t*t**t****ii**i**i*******

623: LCD CLX:
624
625:
6261
027:
6281

SETB LCD_EN
ACALL  DELAY LCD

CLR LCD_EN
ACALL  DELAY LCD
RET

629: ;****titt********t**t******it*************ii*i****ii*********

630: LCD BLINK:
631:
632:
633:
634:

CLR LCD_RS
MOV PC, #00001111B
ACALL  LCD_CLK

RET

635: ;ti******t*t**t***t**#*i*t****#ﬁ*****************************

636: ON_CURSOR:
637:
638
639:
640:

CLR LCD RS
MOV PO, #0000111CB
ACALL  LCD_CLK

RET

641: ;tt**t*t*****i**t***it*******tt***ttttititti*tti**tt*ttt*****

642: OFF_CURSOR:
643:
644:
645:
646:

CLR LCD_RS

MOV PC, #C0001100B
ACALL  LCD_CLK

RET

647: ;i’i’***i’**t*i’**t*********t***t*i’t*i’****ﬂ’*i**i******i’**********

648: LCD LSHF:
649;
650:
651:
652:

CLR LCD_RS
MOV PO, #00011000B
ACALL  LCD CLK

RET

653: ;i*ttt*t************************tt**t*t**************tt*tttti

654: LCDWRSHF:
655;
656:
657:
658

CLR LCD RS
MOV PO, #000111008
ACALL  LCD CLK

RET

659. ;**************************************tt***t**ti*****i******

660: SET_ADDR LCD:

CLR LCD_RS

11

R
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66l:
662:
663:
664 :
665:
666

MOV
S5ETB
MOV
ACALL
RET

A,LCD_ADDR
ACC.7

PO, A
1CD_CLK

667: ;ii*****tﬁ**t**t*t***************t**it*t*ktt**t***t***ii**ii*

ceB: WRCHAR 1CD:
669;:
670:
671:
672:
673:
674:

SETB
MOV
MOV
ACALL
ACALL
RET

LCD RS
A,LCD DATA
PO, A
LCD_CLK
LCD_ON

675: ;******************t*ttt**tt******************ii**i****t*****

676: WRLINE_LCD:
677: WRLINE_LCDI:
678:
©79:
680:
cB1l:
6B82:
683:
6841
685:
686:
6871

MOV
SETB
CLR
MOVC
MOV
ACALL
INC
INC
CJNE
ACALL
RET

R0, #00B

LCD RS

A

A, GA+DPTR

PO, A

LCD CLK

DPTR

RO

RO, 16, WRLINE LCD1
LCD_ON

688: ;****************i*****#********t**t*****************t**kt***

689: WRLINF LCD PRO:
690: WRLINE LCD PRO1:
691:
692:
693;
694;
6951
696:
697:
698:
699:

MOV
S5ETBE
CLR
MOVC
MOV
ACALL
INC
DJINZ
ACALL
RET

RO, LINE_PROG

LCD RS

A

A, @A+DPTR

PO, A

LCD_CLK

DPTR

RO, WRLINE LCD_PRO1
LCD_ON

700: ;*************tt*****t**t*it*it*************t****************

701: DELAY 30us:
702: DELAY_ 30usSl:
703:

704:

705:

706:

707: DELAY 2mS3:
708: DELAY ZmSl:
709: DELAY 2m32:
7101

T11:

T12:

713:

714:

715: DELAY_LCD:
716: DELAY LCDI1:
717: DELAY_LCDZ2:
718:

MOV
NOP
NOP
DJINZ
RET

MOV
MOV
NOP
NOP
DJNZ
DJNZ
RET

MOV
MOV
NOP
NGCF

R5, #10

R5, DELAY 30uSl

R7,#2
R6,#230

R6, DELAY 2mS2
R7,DELAY_2mS1

R7,#2
R6,#23C

12
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716: DJINZ R6,DELAYﬁLCD2
720: DJNZ R7,DELAY 1CD1
721: RET -

722

723: DELAY 10m3: MOV R7, #10

724: DELAY_lUmSl: MOV R6, #230

725 DELAY 10mS2: NOP

126: NOP

127 DJINZ R6,DELAYAlOmS2
728 DJINZ R7,DELAY 10mS1
T29: RET

730:

731: DELAY 100mS: MOV R7, #100

732: DELAY 100mS1: MOV R6, #230

733: DELAY 100mS2: NOP

734: NOP

735: DINZ R6,DELAY 100mS2
736: DJINZ R7,DELAY_100ms1
737 RET

738;

739: DELAY 15: MOV RbH, #10

740: CELAY 151: ACALL DELAY_IOOmS
Td1: DJINZ R5,DELAY*181
742 RET

743:

744: DELAY_ 500mS5: MOV R5,#5

745: DELAY_500mSl: ACALL DELAY_IOOmS
746: DJINZ R5,DELAY_500mSl
747 RET

748:

749: ;*****t****************i*:ﬁ*********************t******tt
750: RD_DIP: MOV A,P3

751: CPL A

1523 ANL A,#00011100B
753: RR A

754: RR A

755: ANL A, #00000111B
756:

757: ZCHECK: CJINE A,5UM, ZAPPO
758: RET

759:

760: ZAPPO: CJINE A,#00000000B, ZAPP1
T6l: PUSH ACC

762 LCALL CONTROL WORD
763: LCALL DIV R

Ted: POP ACC

765 LJMP ZAPPM677

Teh:

7e7: ZAPPl; CJINE A,#00000001B, ZAPP2
7¢8: PUSH ACC

769: LCALL CONTROL7WORD
770: LCALL DIV R

T71: POP ACC

772 LJMP ZAPP_ 679

773

T74: ZAPP2: CJINE A, #00000010B, ZAPP3
T75: PUSH ACC

T776: LCALL CONTROL WORD
777: LCALL DIV R

778: POP ACC

779: LJMP ZAPP_ 681

780:

781: ZAFP3: CJINE A,#00000011B, ZAPP4
782: PUSH ACC

13
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783: LCALL CONTROL_WORD

784 LCALL DIV&R

785: PCP ACC

786 LJMP ZAPP_683

787:

788: ZAPPY: CJINE A, #00000100B, ZAPPS
789: PUSH ACC

790: LCALL CONTROL_WORD

791: LCALL DIV R

792: POP ACC

793: LJMP ZAPP_685

794:

795: ZAPPS: CJNE A,4#000C010C1B, ZAPP6
79¢6: PUSH ACC

797: LCALL CONTROL_WORD

798: LCALL DIV R

799: POP ACC

800: LJMP ZAPP_687

801:

802: ZAPP6: CJNE A,#00000110B, ZAPP7
B03: PUSH ACC

BO4: LCALL CONTROL_WORD

805: LCALL  DIV_R

806: FOP ACC

B07: LJMP ZAPP_689

B08B:

809: ZAPP7: CJINE A,#00000111B, ZAPP1
810: PUSH ACC

811: LCALL CONTROL_WORD

812: LCALL DIV R

813: PQP ACC

814: LJIMP ZAPP 691

815:

8l6:

817: ZAPP_677: MOV SUM, A

818: MOV TO PLL,#01000101B
819:; LJMP KKK

B20:

821: ZAPP 679: MOV SUM, A

§22: MOV TO PLL, #01001001B
823: LJMP KKK

824:

825: ZAPP_681: MOV SUM, A

826: MOV TO_PLL,#UIUOIlOlB
827: LJMP KKK

828:

829: ZAPP_683: MOV SUM, A

830: MOV TO_PLL,#O]OlOOOlB
831: LJMP KKK

832:

833: ZAPP_GBS: MOV SUM,A

B34: MOV TC PLL, #01010101B
835: LJMP KKK

836:

B37: ZAPP_687: MOV SUM, A

838: MOV TO_PLL,#OlOllUUlB
839: LJMP KKK

840:

841: ZAPP_689; MOV SUM, A

B42: MOV TOiPLL,#OlOlllolB
B43: LJMP KKK

844:

845 ZAPP_691: MOV SUM, A

B46: MOV TO PLL, #01100001B

14
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847: LJIMP KKK

848:

849: KKK: MOV RO, #30H

850: MOV 30H, #00000000B
851: MOV 31H, #00000000B
852: MOV 32H, #00000101B
853: MOV 33H,TO_PLL
854: CLR C

855: CLR ENB

856 LCALL SEND_PWA

B57:

B58: SETB ENB

859: NOP

860: CLR ENB

861: RET

862: ;**************t**t****t***t****************************
863: ; PROGRAM CONTROL WORD

864: ;*******t*****t***t**ttf**t*t*********************t*****
865: CONTROL_WORD: CLR C

B66: MOV RZ, #8

867: MOV A,#10000100B
BeB: SETB ENB

869: ZLOOP: RLC A

870: MOV Din,C

871: SETB CLK

B72: CLR Din

873: CLR CLK

874 DJINZ R2, ZLOOP

875: CLR ENB

87¢: RET

877: ;t***t**********************i***************************

B78: ;PROGRAM DIVIDER R

879: ;**t************i****************************i**********

880: DIV R: CLR C

B81: MOV RO, #30H

BBgZ: MOV 304, #00010100B
BB3: MOV 31H, #00000000B
BB4: MOV 32H, #01000000B
B85: MOV 33H, #00000000B
BBG: SETB ENB

887: ACALL SEND_PW

888 CLR ENB

889: RET

890:

891: ;*******tt*tt**t*t*t********t***************************

892: ; SEND PULSE WIDTH

.

893: ;t**tt***t***tt**tt***tt*tttti’*t***t***tt*t**t*t**t**t**
B94: SEND PW: MOV RZ2, #4

895: SEND PWl: MOV R3, #8

BYE: MOV A, @RO

897: SEND PWZ2: CLR C

BY8: RLC A

B99: MOV Din,C

900: SETB CLK

901 CLR Din

902: CLR CLK

4903: DJNZ R3, SEND PW2

904 ; INC RO

8905: DJNZ R2, SEND_PWI

906: RET

907:

908: ;********i**********wt**************i***i******tt**tt*t*
909: SEND PWA: MOV R2, #2

910: SEND PWAl: MOV R3, #8

15
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911: MOV A, GRO

912: SEND PWA2: CLR C

913: RLC A

914: MOV Din,C

915: SETB CLK

916: CLR Din

917: CLR CLK

918: DJINZ R3,SEND_PWA2
919: TNC RO

920: DJINZ R2,SEND_PWA1
921:

922: SETB ENB

923: NOP

924: CLR ENB

925:

926: SEND_ PWB: MOV R2, #2

927: SEND PWEL: MOV R3, #8

G28: MOV A, RRD

929: SEND_PWBZ: CLR C

830: RLC A

931 MOV Din,C

932: SETB CLK

933: CLR Din

934 CLR CLK

935: DJINZ R3,SEND_PWBZ
9361 INC RO

937: DJINZ RZ,SENDﬁPWBl
93§: RET

939: ’-******************t***t*t**t**********t**************tt
940: SUB_TO: PUSH ACC

941: CLR TRO

8942:

943: MOV A,MO_DATA
944: INC A

845 MOV MC DATA,A
946:

947: CJNE A, #255, KJOOP
948; MOV MO DATA, #000H
949: MOV THO, #000H
950: MOV TLO, #078H
951: MOV SUM, #10H
952:

953: PUSH ACC

954: ACALL RD _DIP

955 POP ACC

956;

957:

958: KJOOP: MOV THO, #000H
8956: MOV TLO, #078H
960: SETB TRO

96l: POP ACC

8962: RETI

8963:

964: ;*i’*t*i’*******************#**t*t**t**t************i—***t*
965: ;*****i*****************************************i‘****
966: DATA 1: DB 'AC LINE CONTROL °

967: sDATA 2: DB ' Scan Device '
968: DATA 3: DB '"Number:

96¢3: ;DATA 4: DB "1:BACK 2:0K'
970: DATA_S: DB 'STATUS:®

g71: DATA_S: DB Ve e '

872: ;DATA_?: DB = = COMPLETE===="
873: ;DATA_B: DB "#HFHFFERRORFHEFHE'
974: ;DATA_Q: DB ' NO CONNECT '

16
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975: DATPL12: DB ' SELECT DEVICE '

976: DATA 13: DB ' ON'

977: DATA 14: DB 'OFF'

978: DATA 15: DB '1:0ON 2:0FF!

979: DATA__IB: DB 7 WAIT '

980: DATA 19: pB ! No Divice !

981: ;*t***i’*****t***ti’i*i’**)ﬁ***i‘**********#***tt*********
982 :

9g83:

17
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1: ENB BIT P1.6

2: Din BIT P1.7

3: CLK BIT P3.7

4;

5 DRIVE BIT P3.5

61 RTS RIT F3.6

7

8: SUM EQU 3AH

9 STORE1 EQU 3BH

10: STORE?Z EQU 3CH

11: TO_PLL EQU 3DH

12: MO_DATA EQU 3EH

13:

14:

15: ORG 0000H

16: CLR RTS

17: SETB DRIVE

18: AJMP INITIAL

19:

20: ORG 000BH

21: ATIMP SUB TO

22:

23: ORG 0023H

24 FUSH ACC

25: ACALL SUB SERIAL
26: FOP ACC

27: RETI

28:

29:

30: INITIAL: MOV IE, #10010010B
31: MOV SCON, #01010000B
32: MOV TMOD, #00100001B
33:

34: MOV TH1, #0DOH
35: MOV TL1, #0DO0OH
36: SETB TR1

37:

38: MOV THO, #000H
39: MOV TLO, #078BH
40 SETB TRO

41

42: MOV P1,#00111111B
43; CLR P3.7

44 SETB P3.0

45; SETB P3.1

46:

47, MOV SUM, #10H

48:

49: NIN: ACALL RD_DIP

50: SJMP NIN

51:

52:

53: ;**********************i***i**t****tt*******************
54: ;SUB PROGRAM

55: ’.i***t*********************************wt**t*******){'****
56: CONTROL_WORD: CLR C

57: MOV RZ2, #8B

5B: MOV A,#10000100B
59 SETR ENB

60: LOOP: RLC A

61: MOV Din,C

62 : SETB CLK

63: CLR Din

64: CLR CLK
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65: DJINZ R2, LOOP

66 CLR ENB

67: RET

68: ’.t****ﬁ**********ﬁ'ﬁ'*******************************t*tttt
69: ;PROGRAM DIVIDER R

70: ’-ﬁii’*ﬁ'**ﬁ'*i’*ﬁ'*****ﬁ'*ﬁ'tt*t****tti’i’*********i’i’*i’*******t*t
71: DIV _R: CLR C

12 MOV RO, #30H

T3: MOV 30H, #00010100B
T4 MOV 31H, #00000000B
75: MOV 32H,#01000000B
76 MOV 33H, #00C00CC00B
77: SETB ENB

78: ACALL SEND PW

79: CLR ENB

80: RET

81: ’-i'*ﬂ’*i—*tktt**ti’*t‘“ﬂ’*i’**************tt****t**t***********
82: ;INTERRUPT PROGRAM

83: ’-*******t***********************************************
84: RD DIP: MOV A,P3

85 CPL A

B6: ANL A, #000111008

87: RR A

88: RR A

89: ANL A,#00000111B

30:

91: CHECK: CJINE A, SUM, APPO

92: RET

93:

94: APPO: CJINE A,#00000000B, APP1
95: PUSH ACC

96: ACALL CONTROL_WORD

97: ACALL DIV_R

88: POP ACC

99 AJMP APP 662

100:

101: APPl: CJINE A, $000000018, APP2
102: PUSH ACC

103: ACALL CONTROLMWORD

104: ACALL DIV R

105: PCOP ACC

106: AJMP APP 664

107:

108: APPZ2: CJNE A,#00000010B,APE3
109: PUSH ACC

110: ACALL CONTROLﬁWORD

111: ACALL DIV_R

112: POP ACC

113: AJMP APP_666

114:;

115: APP3: CJINE A, #00000011B, APP4
1le: PUSH ACC

117: ACALL CONTROL_WORD

118: ACALL DIV R

119: POP ACC

120: AJMP APPA668

121:

122: APP4: CJINE A, #00000100B, APPS
123: PUSH ACC

124: ACALL CONTROL WORD

125: ACALL DIV R

126: PCP ACC

127: AJMP RPP 670

128:
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129: APP5S: CJINE A, #000001018B, APP6
130: FUSH ACC

131: ACALT CONTROL_WORD

132: ACALL DIV R

133: FOP ACC

134: AJMP APP_672

135:

136: APPG6: CJNE A, #00000110B, APE7
137: PUSH ACC

138: ACALL CONTRCOL_WORD

139: ACALL DIV R

140: PQOP ACC

141: AJMP APP_ 674

142:

143: APP7: CJINE A, #00000111E,APP1
144: PUSH ACC

145: ACALL CONTROL_WORD

l46: ACALL DIV_R

147: BQOP ACC

148: AJMP APP 676

149:

150:

151: APP_662: MOV SUM, A

152: MOV TO PLL,#00101100B
153: AJMP KKK

154:

155: APP 664: MOV SUM, A

156: MOV TO_PLL,#00110000B
157: AJMP KKK

158:

159: APP_666: MOV SUM, A

160: MOV TO_PLL, #00110100B
161: AJMP KKK

162:

163: APP 668: MOV SUM, A

164: MOV TO_PLL,#OOIIIOOOB
165: AJME KKK

166:

167: APP_&70: MOV SUM, &

16B: MOV TO _PLL, $00111100B
169: AJMP KKK

170:

171: APP_672: MOV SUM, A

172: MOV TO PLL,#01000000B
173: AJMP KKK

174:

175: APP_674: MOV SUM, A

176: MOV TO PLL,#01000100B
177: AJMP KKK

178:

179: APF_676: MOV SUM, A

1B0: MOV TOWPLL,#OIOOIOOOB
181: AJMP KKK

182:

183:

184: KKK: MOV RO, #30H

185: MOV 30H,#00000000B
186: MOV 31H, #00000000B
187: MOV 32H,#00000101B
1E8: MOV 33H,TO_PLL

189: CLR C

190: CLR ENB

191: ACALL  SEND PWA

192:
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193: SETB ENB
194: NOP

195: CLR ENB
196: RET

197:

198: ;*************tt*****ttttttt****************************

199: ; SEND PULSE WIDTH

200: ;******t*tt***#*t***************t***********************

201: SEND_PW: MOV R2, #4

202: SEND PW1: MOV R3,#8

203: MOV A, 8RO

204: SEND PW2: CLR c

2056: RLC A

206: MOV Din,C

207: SETB CLK

208: CLR Din

209: CLR CLK

210: DJINZ R3, SEND PW2Z
211: INC RO

212 DJINZ R2,SEND PW1
213: RET

214:

215: ;*****t************t****t***t****************#*t********
216: SEND_PHWA: MOV R2,#2

217: SEND PWAL: MOV R3, #8

218: MOV A, QR0

219: SEND~PWA2: CLR C

220: RLC A

221: MOV Din,C

222: SETB CLK

223: CLR Din

224: CLR CLK

225 DJINZ R3, SEND PWAZ
226: INC RO

227 DJNZ RZ, SEND_PWAL
228:

229: SETB ENB

230: NOP

231: CLR ENB

232:

233: SEND PWE: MOV RZ, #2

2341 SEND_PWBI: MOV R3, #8

235: MOV A, @RO

236: SEND_PWB2: CLR C

237: RLC A

238: MOV Din,C

239: SETB CLK

240; CLR Din

241: CLR CLK

242: DJINZ R3,SEND_PWE2
243: INC RO

244: DJNZ R2,SEND_PWB1
245;: RET

246: ;*******************************************t**t**ttt*tt

247: SUB_SERIAL: NOP

248: CLR TRO

249:

250: JNB RI, s

251: MOV A, SBUF

252: CLR RI

253: CJINE A, #0FFH, SUB_SERIALZ
254: MOV R4, #000H

255:

256: SER1: JNB RI,SER1
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257: ; SJIME SERZ

258: ;5ERI1: INC K4

259: CJINE R4,#255,5ER
260: ; SETH TRO

261: ; RET

262:

263: SERZ2: MOV A, SBUF

264: CLR RI

265: MoV STQREL, A

266: ACALL COMPARE

267: SETB TRO

268: SUB_SERIALZ: RET

269:

270: ’-***i’i************************************************i’*
271: COMPARE: MOV P1,#11111111B
2723 MOV A, STORE1

273: ANL A,#00111111B
274: MOV STOREZ2, A

275 MOV a, Pl

276: CPL A

277 ANL A,#001111118
278:

279: CINE A, STOREZ2, COMPARE1
280:

281: MOV A, STCREL

282: ANL A,#11000000B
283: CJINE A,#01000000B, COMPAREZ2
284; CLR DRIVE

285: RET

286:

287: COMPAREZ: SETB DRIVE

288: CCMPARE]: RET

289:

290: ;***t*t**i’***i’i’*i’***i’*****i’***l’*************t*i’**t******
291: SUB_TO: PUSH ACC

292: CLR TRO

293:

294; MOV A,MO_DATA
295: INC A

296: MOV MO _DATA,A
297:

299; CJINF. A,#200, KJOOP
299: MOV MO_DATA,#OOOH
300: MOV THO, #00CH
301: MOV TLO,#078H
302; MOV SUM, #10H

303:

304: PUSH ACC

305: ACALL RD_DIP

306: POP ACC

307:

308:

309; RKJOOP: MOV THO, #000H
310: MOV TLO, #078H
311: SETB TRO

312: POP ACC

313: RETI

314:

315:



TOSHIBA TA7358AP

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA7358AP

FM FRONT-END

The TA7358AP is designed for a FM front-end
application, which is suitable to a portable radio or a
radio cassette.

Comparing with conventional types, supply voltage
dependence, overload characteristics and spurious
radiation characteristics are improved.

FEATURES

® Wide supply voltage range : Vec=1.6~6.0V

SIP9-P-2 544
Weight : 0.92g (Typ.)

® Excellent supply voltage dependence of locai oscillator
Qscillation stop
Ve =09V (Typ)

® |mproved inter-modulation characteristics by double balanced type mixer circuit.
® Low spurious radiation.

® Built-in clampping diode for the local oscillator output.

BLOCK DIAGRAM

QO Vee

g 1o amp
1 MIXIN MIX-OUT s Ve

RF-OUT

=1 [ 1] ‘ >
n BUFFER AMP |-— LOCAL OSC osc
O 1—1 rF AMP | MIX. 7
AF-IN osc
I was | mec | MONI
o &

RF I
BY-PASS
»

951001 EBAS

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.

z The products described in this document are subject to foreign exchange and foreign trade control laws.

The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license is granted
by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA

TA7358AP

EXPLANATION

OF TERMINALS (Terminal

voltage is DC voltage at Ta=25°C, Vcc =5V, and no signal)

PIN No. SYMBOL INTERNAL TERMINAL VOLTAGE
1 FM-RF IN % 08
A BlAS
2 BY PASS @“-"c X 1.5
3 FM-RF OUT awo & o) 5.0
@ @ Vo
4 MIX IN 15
GND (5 3
5 GND — 0
6 MiX OUT cf. pin @ 5.0
Vee (:)—-
7 0SC MONITOR 5 43
J
8 0OsC C) 5.0
ahD (————
9 VE — 5.0
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TOSHIBA TA7358AP
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vee 8 v
Power Dissipation Pp (Note) 500 mw
Operating Temperature Topr -25~75 °C
Storage Temperature Tstg -55~150 °C
(Note) Derated above 25°C in the proportion of 4mw/°C.
ELECTRICAL CHARACTERISTICS (V¢ =3V, f=83MHz, fpy, = 1kHz, Af = £22.5kHz, Ta =25°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Supply Current lee 2 | Vip=0 — 52 | 80 | mA
.l o o dBuV
~-3dB Limiting Sensitivity Vin (lim) 2 — — 30 7.0 EME
. st dB .V
Quiescent Sensitivity Qg 2 — — 11.0 — EME
Conversion Gain G¢ — — — 31 —_ dB
Local OSC Voltage Vosc 1 | fosc=60MHz 90 165 | 220 |mVims
Pin ® Parallel Input '
Impedance | Resistance fip1 3 - a
Parallel Qutput
Pin @ Resistance fop3 3 - 25 [ — |
impedance | Parallel Qutput
= — 2.0 —_ F
Capacitance Cop3 f=83MH2 P
Parallel Input .
Pin @ Resistance fip4 o e kQ
impedance | Parallel input G 3 _ 33 _ F
Capacitance P4 : P
Parallel Output
|Pin® Resistance fopé 3 | f=10.7MH - 100 | — ki
impedance | Parallel Output c o z _ 48 _ F
Capacitance opé ) P
Local OSC Stop Voltage Vstop 1 - — 0.9 1.3 Vv
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TOSHIBA TA7358AP

TEST CIRCUIT 1

TA7358AP

O vasc
QOGND
fose O = -~ T2 ! l"‘_g_
ﬂ TO OVCC
TEST CIRCUIT 2
Tq

+-0O yeea5Y
+
1

TA7358AP
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TOSHIBA TA7358AP

TEST CIRCUIT 3

Input output impedance

(1) rip1, <ip1 {2) rop3. cop3

) Vee

O Vee
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TOSHIBA

TA7358AP

TEST CIRCUIT COIL DATA (lapan band for 76.0MHz to 108.0MHz)

COIL fo Qo TURNS CAPACITANCE
1
T 0.5mmg 2 a T 15pF FERRITE CORE
RF Coil 100MHz 100 | Center Tap (External) % ;
{Japan Band)
0.5 gﬁ 2 ! T FERRITE CORE
.5mm —
2 | j00MHz | 100 2 15pF -
0SC Coil {lapan Band) (External}
®-@ 127 Vee
@-® 7
T3 Wire 0.12mm¢ UEW
. F
FT coil | 1OPMHZ T3 MDA ELECTRIC 75 _
Co., LTD. Pin®
5764 or equivalent (BOTTOM VIEW)
@-® 147 o Q)
Wire 0.12mm¢ UEW o
Ta . 10.7MMz 150 SUMIDA ELECTRIC 47pF
Quad Coil Co., LTD. ® ®
44M-933A or
equivalent (BOTTOM VIEW)
Band Pass Filter (BPF)
SOSHIN ELECTRIC Co., LTD. BPWBS
Tuning Cpacitor
ALPS ELECTRIC Co., LTD. CB41EL933
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TOSHIBA TA7358AP

lcc - Vee P Vinlim), Qs - Vce
22
Ta = 25°C - Ta=25C
6 Vin=0 w30 12 83MHz
Z TEST CIRCLIT 1 Lt = =22 fm = 1kHz
~= o = Af = 1 22.5kHz
o £ \
o / = 1 TEST CIRCLIT 2
£ w \
— 4 =0 20 L)
5 / > %
& ! £ >
kS 7 Ez
> / e AN
5 & Qs
a 2 v o3 1 “ |
: g —{--
55 Vin (lim)
=4
0 22
] 2 4 [ B T2 0 2 a4 5 ]
SUPPLY VOLTAGE Vcc (V) SUPPLY VOLTAGE Vgc (V)
. Vin (lim), Qs, Af - Ta Af, vasc - Vec
3 3 10
it s
XA f=83MHz C) ] 300 ‘5‘
TD fm = 1kHz = = A Af H
- Af= +225kHz 5 5 o b —_— &
£ (ONLY 1C) 100 N — .2
Sg 30 [ i L e £
= TEST CIRCUIT 1 | af = = 00 <%
t ~ 0 C C Vosc —— —— o~
3 \ F z ]
= - - 100, O %
EE g 503 ’ g9
22 e 2 d "
3 TEST CIRCUIT 2 -100 g g 00 a2
g z 10 — Qs P Tam25C 3
E . —— i - 3 3 Vi =0 3
E a 8 -2 in®
=2z v . 9 - =]
ja T in (tm}) TEST CIRCUIT 1 ~
@ n |1
g )
T3 -0 0 20 40 60 B0 0 2 a 6 [
AMBIENT TEMPERATURE Ta (C} SUPPLY VOLTAGE V¢ (V)
vosc - Ta
2‘ Voo =5V
z 30 fosC=72.3MHz
] (ONLY 10)
Fa
™~ E TEST CIRCUNT 1
T
SE 20
g Vosc
g [
s 2
gL
3
-
)
Q
- 40 0 a9 8o 120

AMBIENT TEMPERATURE Ta {C)
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TOSHIBA

TA7358AP

OQUTLINE DRAWING
$IPS-P-2.54A

|

0.987VP |

EL
l9i0.2 | 5.640.2

7.9MAX
3.210.3

0.540.1 q
120.2504)
2.54] 1.210.1
22.78MAX .
22.2840.2

Weight : 0.92g (Typ.)

Unit : mm

3.240.2

0.2573:35
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@ MOTOROLA

Low Power Narrowband FM IF

The MC3361B includes an Oscillator, Mixer, Limiting Ampiifier,
Quadrature Discriminator, Active Filter, Squelch, Scan Control and Mute
Switch. This device is designed for use in FM duai conversion
communications equipment.

* Operates from 2.0 to 8.0 V Supply

® Low Drain Current 3.9 mA Typical @ Ve = 4.0 Vde

® Excellent Sensitivity: input Limiting Voltage —3.0 dB = 2.6 pV Typical
® |ow Number of Extamnal Paris Required

® Operating Frequency Up to 60 MHz

Representative Block Diagram

Mixer Scan  Squeleh  Filter Filter Recovered
Input  Gnd Mue Control 0 Oulpul  Input  Audio

mmmemmm

A
Squelch Trigger with 7O T w

Hysteresis
Demodutator
Limiter |
Amp 2> % 10pF
18k Ykg So2k
i
W
18k
HNERORO RO RN gD
— —
Crystal Mixer Voo Limiter D lin Quad
gsc Output Input BEORing Cail

This device contains 92 active transistors.

Order this document by MC3361B/D

MC3361B

LOW POWER
NARROWBAND FM iF

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

Not Recammended for New Design

D SUFFIX
PLASTIC PACKAGE
CASE 751B
(S0-16)

PIN CONNECTIONS

e [16] Mixer Input
Crystal Osc{ E E Ground
Mixer Output [[3 ] 18] Audio Mute
vee [4] [13] Scan Control
Limiler Input E E Squelch Input
(6] [11] Filter Output
Dec””pﬁ"g{ 7] [10] Fillex Input
Quad Coil [B &Eﬁf”‘a‘”
{Top View}

ORDERING INFORMATION

Operating
Device Temperature Range Package
MC3361BD 50186
Ta =-301070°C
MC3361BP Plastic DIP

© Motorola, Inc. 1999
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MC3361B

MAXIMUM RATINGS (T = 25°C, unless otherwise noted )

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Vecimax) 10 Vdg
Operating Supply Voltage Range 4 Voo 20t0 8.0 Vde
Detector Input Voltage 8 - 1.0 Vpp
Input Voltage (Voo 2 4.0 V) 16 V16 1.0 Vrms
Mute Function 14 Vg -0.5t0 5.0 Vpk
Junction Temperature - Ty 150 °C
QOperating Ambient Temperature Range - Ta, -30to 70 °C
Storage Temperature Range - Tstg -6510 150 °C

NOTES: 1. Maximum Ratings are those values bayand which damage to the device may occur.
Functicnal operation should ba restrictad to the limits in the Electrical Charactaristics
tablas or Pin Descriptions section.

2. ESD data available upon requast.

ELECTRICAL CHARACTERISTICS (Vg = 4.0 Vdc, fg = 10.7 MHz, Af = + 3.0 kHz, fmod = 1.0 kHz, T = 25°C,
unless otherwise noted.)

Characteristic Pin Min Typ Max Unit

Drain Current (No Signal) 4 mA
Squelch “Off 29 3s 4.9
Squelch “On" 4.4 54 6.4

Recovered Audio Cutput Voltage (Vip = 10 mvims) 9 130 160 200 myrms
Input Limiting Violtage (3.0 dB Limiting) 16 - 26 6.0 uv
Total Harmonic Distortion 9 - 0.86 - %
Recovered Qutput Voltage (No Input Signal) 9 60 120 250 mvrms
Drop Voltage AF Gain Loss 9 -3.0 -0.6 - dB
Detector Qutput Impedance - - 450 - 0
Filter Gain {10 kHz) (Vi = 0.3 mVrms) - 40 50 - dB
Filter Qutput Voltage 11 1.0 1.3 1.6 Vdc
Muta Function Low 14 - 30 50 Q
Mute Function High 14 1.0 1 - MQ
Scan Function Low {Mule “Off") (V42 = 1.0 Vdc}) 13 - 0 0.4 Vdc
Scan Function High (Mute "On") (V42 = Gnd) 13 3.0 3s - Vde
Trigger Hysteresis - - 45 100 my
Mixer Conversion Gain 3 - 28 - dB
Mixer Input Resistance 16 - a3 - ki}
Mixer input Capacitance 16 - 2.2 - pF

2 MOTOROLA RF/IF DEVICE DATA




AUDIO OUTPUT (mVims)

MC3361B

Figure 1. Test Circuit

10.245 MHz [u-————vm=- a2 0.01
Mixer Input
vee 0—4—(] - 1 :I“‘ ' 10.7 MHz
220 pF 68 pF 51
o———-) 2 15
muRata (A —{a] 14] O Audio Mule
CFU45502
[ ]
4 m 1 v Scan Control
10 2 il | O Sean
”
O 10k
[s3 * iiz}—o soswinpu
0.1 10 =
"—.__) I-——.' B F—'—-—( )] FiliﬂrArnp Out
0.1
3 {7 ——0 Fiter Amp In
1.0
20k 8.2k
‘V\.N——»—E '8 WA 1 —O AF Output
) ) A I o.M
0.1 T -
- Quad Coil
va FL1 - muRala Erie North America CFLM55D2 or equivalent
Quadrature Cail -- Toko America Type TMC-8128Z or equivalent
C - pF, unless noted
Figure 2. Audio Output, Distortion Figure 3. Audio Output, Distortion
p
versus Supply Voltage versus Temperature
190 . 125 - 8.0 240 VI U!V 8.0
A= © —_ cC= 4,
180 0w E 220 < 70
5 @
170 60 £ E 200 6.0
& £
160 ™= Audi 50 5 = 180 5.0
/-..-—— Audio Quiput 2 5 Audio Outpud |__m
50 a0 E 60 = 40
LU 30 8 g 140 . 30
=2
130 202 =10 20
Distorticn = -
120 N 10 < 400 Distortion 10
1o 0 80 l 0
20 4.0 6.0 80 —40 20 0 20 40 60 80
Ve, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
3
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LIMITING {dB)

Figure 5. Input Limiting Voltage

MC3361B

Figure 6. Overall Gain, Noise and AM Rejection

1.0 TTTTH T 1 10 LA
Audio Output {1.0 kHz) S+N+30kHzFM
0 0 Voltmater Freq Range:
— 10Hz - 100 kHz
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S 20
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s | n
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-30 w h ’
£ 40 i
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& 50 1| Y
-50 60 1o
-6 -10
0.00t 0.01 0.1 1.0 2.001 0.0 0.1 1.0 10
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Figure 7. Filter Amp Response Figure 8. Filter Amp Gain
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MC3361B

Figure 10. Simplified Application

Scan Controf
i to PLL
Veg =40V 4 R7
@ 18k
* AN
R9
100 k
15t IF 10.7 MHz A
from Input C12 & R10
Front End 47 1.0k
N =
R@
13 L | 47k VRZ (Squeich Control)
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0.1 3.3k
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c10 R4 R3 J_
0.001 | gg 33k =
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1 co 0022 T
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AF Outpul
16 AI[ 13] [12] [i1] [10] [@ VR 0 o Audio
[i 8] _[1g] 91 [i0]_=1. 1 onde
MC33818 =
AR SDNRRE ]:P'E"Quadw'
0245 | €2
MHz |B8pF ﬁ' ”
i FL1 20k T ’
c3 ca
ZZGpFT 0.1T &
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FL1 - muReta Erie North America Type CFU455D2 or equivalent
Quadrature Coil - Toko America Type 7MC—8128Z or equivalent
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MC3361B

OUTLINE DIMENSIONS

A

lal Wb N alalwld
]
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NOTES:

i

2

3

4
5,

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

CONTROLLING OIMENSION: INCH.
DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

DIMENSION B DDES NOT INGLUDE MOLO FLASH.
. ROUNDED GORNERS OPTIONAL.
| INCHES __| MILLIMETERS
D[ MIN | MAX | MIN | max
A | ar40 | 0770 | 1880 | 1955 |
B.| 0250 | 0270 | 535 | 6as |
G | 0445 [ 0975 | 369 | 444
D {0015 |00zt | p3g | pay
F oo | o7 102 | 177
G | 010085C 1EABSC ]
H | 005085C 127
J Jooce Joms | G2ar] o
% ] 010 F0130 | 280 330 ]
Loz [0 150 | 774
| ™ 0% 1 19° 0°] 4°
$ 10020 [D060] 661 ] 10t

oA

D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
(S0-18)
ISSUE J

AAAAAAAH T
18 9 _f

8 PL

P
ll$[ 0.25{0.010)® | B ®}

(D 5
R R
ok

K —

l‘— qu=

w
[ET—Tseamwo seaTag J L_ T_{ {j%?t

[@fozs0mn@|T]8 ®[AG)]

NOTES:

1.

w o

m

DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1962,

. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS A ANC B DO NOT INCLUDE

MOLD PROTRUSHON.

. MAXRAUM MOLD PROTRUSION .15 {0.008)

PER SIDE.

DIMENSION D DOES NOT INCLUDE DAMBAR
PRDTRUSION. ALLOWABLE DAMBAR
PROTAUSION SHALL BE 0.127 (0.006) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM WATERIAL CONDITION.

MILLIMETERS INCHES

F

| MN |
0386 ] 0904
0150 | 0157 |
0.054 1 0.063 §
0.014 | 0019 |
0.096 | 0.049
| 0.050BSC |
0.008
0.004
DD 'Ifﬂ QO 70
| 6.229

| MAX |
8.8 | 10.00
180 ) 400
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145162/D

60 MHz and 85 MHz Universal
Programmable Dual PLL

Frequency Synthesizers
CMOS

The MC145162 is a dual phase—locked loop {PLL) frequency synthesizer
especially designed for CT-1 cordless phone applications woridwide. This
frequency synthesizer is also for any product with a frequency operation at
60 MHz or below.

The MC145162-1 is a high frequency derivative of the MC145162, for
products with operating frequencies of 85 MHz or below.

The device featuras fully programmable receive, transmit, reference, and
auxiliary reference counters accessed through an MCU serial interface, This
faature allows this device to operate in any CT-1 cordless phone application.
The device consists of two independent phase detecters for transmit and
receive loops. A common refersnce oscillator, driving two independent
reference frequency counters, provides independent reference frequencies for
transmit and receive loops. The auxiliary reference counter allows the user to
select an additional reference frequency for receive and transmit loops if
required.
= Operaling Voltage Range: 2.5tc 55V
= Operating Temperature Range: — 40 to + 75°C
» Operating Power Consumption: 3.0 mA @ 25V
» Maximum QOperating Frequency:

MC145162 — BOMHz @200mVp—p,Vpp=25V
MC145162-1 — B5MHz @ 250 mV p—p. VDD =25V
¢ Three or Four Pins Used for Seriai MCU Interface
» Buili-In MCU Clock Qutput with Frequency of Reference Oscillator +-3/-+-4
» Power Saving Mode Controlied by MCU
+ Lock Detect Signal
+ On—Chip Reference Osciliator Supports External Crystals to 16.0 MHz
¢ Referance Frequency Counter Division Rangea: 16 to 4095
» Auxiliary Reference Frequancy Counter Division Range: 16 to 16,383
» Transmit Counter Division Range: 16 to 65,535
» Receive Counter Division Range: 16 to 65,535

REV 3.1
2/e8

MC145162
MC145162-1

P SUFFIX
PLASTIC DIP
CASE 848

D SUFFIX
S0G PACKAGE
CASE 751B

ORDERING INFORMATION
MC145162P  Plastic DIP
MC145162D  S0G Package

MC145162Pt  Plastic DIP
MC145162D1 SOG Package

PIN ASSIGNMENT

CLK[ 1e 16 [1LD
ADin ] 2 15 [] TxPDgyt
Din 3 14 DT
ENB[] 4 13 [} TaPS#Ty
MCUCLK [ 5 12 lvop
Vgs 6 11 [ RxPSFRy
0sCip ] 7 10 [] RxPDgyt
0SCoyt [] 8 g iR

© Motorola, Inc. 1998
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BLOCK DIAGRAM

7 12-BIT PROGRAMMABLE - S~
0SCin REFERENCE COUNTER =4
g 14-BIT PROGRAMMABLE
0SCoy * & AUXILIARY REFERENCE ——O
COUNTER
6 l ] TRANSMIT -
MCUCLK ¥4 12BITSHIFT | | 14-BIT SHIFT SELECT Tx 15
REGISTER REGISTER PHASE |3 TxPDy
3 )\o DETECTOR
Y P S— G
ok - MCU INTERFACE PROGRAMMING
> MODE CONTROL
3 16 _
Dy et L 25
. CONTROL REGISTER
S R —
13
TXPSAT 4——,
11
PSRy 16-BIT SHIFT REGISTER
4
oM 16-BIT Tx PROGRAMMABLE RSEE‘EE'(;’TE Rx 10
n COUNTER PHASE | RuPDgy
—O\o- DETECTOR
—]
16-BIT SHIFT REGISTER
9 16-BIT Rx PROGRAMMABLE Vpo=FIN 12
finR COUNTER Vgg=FING
MC145162sMC145162-1 MOTOROLA
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MAXIMUM RATINGS* (Vottages Referenced to Vgg)

Symbol Rating Value Unit This de\_fice contains proter:tir.:m circL'uitry to
guard against damage due to high static volt-
Voo DC Supply Vottage -05t0+60 v ages or electric fields. However, precautions

must be taken {o avoid application of any voltage
higher than maximum rated voltages to this
lin. lgyt { DC Current Drain Per Pin 10 mA high—-impedance circuit. For proper operation,
Vin and Vgt shoufd be constrained to the range
V885 < (Vin of Vout} £ VDD

Tstg Storage Temperature Range -65to+ 150 °C Unused pins must always be tied to an
appropniate logic voltage level (e.g., either Vgg
or Vpp}. Unused outputs must be lefl open.

Vin Input Voltage, All Inpuls -05toVpp +05 A

IDD. Iss | DC Curmrent Drain Vpp or Vgg Fins 30 mA

*Maximum Ratings are those values beyond which damage to the device may oceur.
Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Descriptions section.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ta = 25°C)

Guaranteed Limit
Symbol Characteristic VoD Min Max Unit
vpp Power Supply Voltage Range — 25 55 \
VoL Output Voltage 0 Level 25 — 0.1 v
{lout=0) 5.5 — 0.1
VoH (Vin=Vppor0) 1 Level 25 245 —
55 5.45 —
ViL Input Voltage 0 Level 25 — 0.75 v
(Mout=05Vervpp-05V) 55 — 165
ViH 1 Level 25 1.75 —
55 385 —
loH OQutput Current  (Vgut=2.2V) Source 25 -0.18 — mA
Moyt =5.0V) 5.5 -0.55 —
oL (Vout=0.3V) Sink 25 0.18 —
(Vout=0.5V) 55 0.55 —
I Input Current O8Cip, fin-T, fin-R 25 — -30 WA
(Vin=0) 55 — - 66
ADjn, CLK, Djp, ENB 25 — -1.0
55 — -10
NH (Vin=Vpp -0.5) 08Cin, fin-T. fin-R 25 — 30
55 — 66
ADijp. CLK, Djn, ENB 25 — 5.0
5.5 — 5.0
oz Three—State Leakage Current (Vpt=0Vor55V) 55 — 1100 nA
Cin Input Capacitance — — B.0 pF
Cout Output Capacitance — — a.0 pF
IDD{stdby) | Standby Current 25 — 03 mA
(All Counters are in Power-Down Mode with Oscillator On) 55 — 1.5
DD Operating Cument mA
MC145162: 200 mV p~p input at fi;—T and fip—R = 60 MHz 25 — 3.0
MC145162--1: 250 mV p—p input ai fjp—T and fip-R = 85 MHz 55 — 10
with OSC = 10.24 MHz

MOTOROLA MC145162+MC145162-1
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SWITCHING CHARACTERISTICS (T = 25°C, C|_ = 50 pF)

Fi Guaranteed Limit
igure
Symbol Characteristic No. vpb Min Max Unit
HLH Output Rise Time 1 25 — 200 ns
55 —_ 100
THL Output Fall Time 1 2.5 — 200 ns
55 —_ 100
I tf Input Rise and Fall Time 0OSCin 2 25 — 5.0 Hs
55 — 4.0
tw Input Pulse Width CLK and ENB 3 25 80 - ns
55 60 —
fmax Input Frequency 0SCip 25-55 — 16 MHz
Input = Sine Wave @ 2 200 mV p-—p fin R, fin—T 25-55 — 60
for MC145162
Input = Sine Wave @ =2 250 mV p—p fi—R. T 25-55 — 85
for MC 1451621
tst Minimum Starl-Up Time 10 ms
5y Setup Time DATA to CLK 5 2.5 100 _ ns
ENB to CLK 5.5 200 —
th Hald Time CLK to DATA 5 3.0 80 —_ ng
5.0 40 —
rec Recovary Time ENB to CLK 5 3.0 BO — ns
5.0 40 —
tsu1 Selup Time ENEB to CLK 4 25-55 80 — ns
th1 Hold Time CLK to ENB 4 25-55 600 —_ ns
f Phase Detector Frequency de 12.5 kHz
fMcucLk | Output Clock Frequency MCUCLK dc 533 MHz
{OSCijp + 3)
MC145162.MC145162—1 MOTOROLA
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SWITCHING WAVEFORMS

tH fHL =~

ANY 80%
ouTPUT 10%

Figure 1.

- tw »|
ENB. CLK 7‘! 50% SL

Figure 3.

= Vpp
CLK LAST
CLK Vsg
[-+— 1
— VoD
ENB
Vss

Figure 4. ENB High During Serial Transfer

b

CLK, 0SCjp,
fin-T. fin R

CLK  50% F LasT FIRST
_._._]/;\_‘ CLK Vss

ENB

i

10%

Figure 2.

— Vob
50%
Vss
th

= Vop

— Voo
50%
Vss
PREVIOUS
DATA
LATCHED

Figure 5. ENB Low During Serlal Transfer

MOTOROLA
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PIN DESCRIPTIONS
INPUT PINS

DSCin lOSCou[
Reference Oscillator Input/Output (Pins 7, 8)

These pins form a reference oscillator when connected to
an external paratlel-resonant crystal. Figure 6 shows the
relationship of different crystal frequencies and reference
frequencies for cordless phone applications in various coun-
fries. OSCin may also serve as input for an externally gen-
erated reference signal which is typically ac coupled.

MCUCLK
System Clock (Pin 5)

This output pin provides a signal of the crystal frequency
(OSCoyt) divided by 3 or 4 that is controlled by a bit in the
control register.

This signal can be a dlock source for the MCU or other sys-
temn clocks.

ADjn, Din, CLK, ENB
Auxlliary Data In, Data In, Clock, Enable (Pins 2, 3, 1, 4)

These four pins provide an MCU serial interface for pro-
gramming the reference counter, the transmit-channel count-
er, and thea receive-channel counter. They also provide
various controls of the PLL including the power saving mode
and the programming format.

TxPS{fry, RAPSHRx
Transmit Power Save, Receive Power Save (Pins 13, 11)

For a normal application, these output pins provide the
status of the intemal power saving mode operation. If the
transmit—channels counter circuitry is in power down mode,
TxPS/fTx outputs a high state. If the receive-channels
counter circuitry is in power down mode, RxPS/HRy is set high.
These outputs can be applied for controlling the external pow-
er switch for the transmitter and the receiver to save MCU
controi pins.

In the Tx/Rx channel counter test mode, the TxPSHTy and
RxPS/fry pins output the divided value of the transmit
channel countsr {fTx) and the receive channel counter (fRy),
respactively. This test mode operation is controlled by the

control register. Details of the counter tast mode are in the Tw/
Rx Channel Countar Test soction of this data sheet.

fin-THin-R
Transmit/Receive Counter Inputs (Pins 14, 9)

fin—T and fi—R are inputs to the transmit and the receive
counters, respectively. These signals are typically driven from
the loop VCQ and ac coupled. The minimum input signat level
is 200 mV p—p @ 60.0 MHz.

OUTPUT PINS

TXPDQut!RIPDout
Transmit/Receive Phase Detector Outputs (Pins 15, 10)

These are three—state outputs of the transmit and receive
phase detectors foruse as loop error signals {see Figure 7 for
phase detector output waveforms). Phase detector gain is
Vpp/4 n volts per radian.

Frequency fiy > fr or fiy ieading: output = negative pulss.

Frequency fiy < fr or fiyy lagging: output = positive pulse.

Frequency fiy = fR and phase coincidence: output = high—

impedance state.

NOTE: fR is the divided—down reference frequency at the

phase detector input and fy Is the divided—down VCO
frequency at the phase detector input.

LD
Lock Detect (Pin 16)

The lock detect signal is associated with the transmit loop.
The outpul at a high lsvel indicates an out-of-lock condition
(see Figure 7 for the LD output waveform).

POWER SUPPLY

VDD
Positive Power Supply (Pin 12)

Vpp is the most positive power supply potential ranging
from 2.5 to 5.5 V with respect to Vgs.

Vss
Negative Power Supply (Pin 6)

Vgg is the most negative supply potential and is usually
connectad to ground.

A
0
f
g O M
08¢, + N(12BITS) a4 b0
c
225 Q
5 0 \O—" Rz
0SCout + M(14BITS) 0
Crystal -+ N Value fR1-B frR2c
11.150 MHz 448 6.25 kHz 1.0 kHz
11.150 MHz 223 12.5kHz
10,240 MHz 512 5.0 kHz
12.000 MHz 600 5.0 kHz

Figure 6. Reference Frequencies for Cordless

Phone Applications of Various Countrias

MC145162¢MC145162-1
&
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fr, REFERENCE
{OSCj,, < REFERENCE COUNTER)

1
VL

fy, FEEDBACK — Wy

(fin-T - Tx COUNTER CR

fin-R +— Rx COUNTER) VL

f

TxPDgyt — — W4

OR
RePDgyt HIGH IMPEDANCE

1]

VH = High voltage level.
V| = Low voltage leval.

*Al this point, when both fr and fy are in phase, the output is forced to near mid supply.

NOTE: The TxPDgyt and RxPDg,t generate error pulses during out—of-ack conditions. When locked in phase and fre-
quency, the output is high impedance and the valtage at that pin is determined by the low—pass filter capacitor.

Figure 7. Phase Detector/Lock Detector Output Waveforms

MCU PROGRAMMING SCHEME

The MCU programming schame is defined in two formats
controlled by the ENB input. If the enable signal is high during
the serial data transfer, control registerfreference frequency
programming is selected. If the ENB is low, programming of
the transmit and receive counters is selected. During pro-
gramming of the transmit and receive counters, both ADj,
and Din pins ¢an input the data to the transmit and receive
counters. Both counters’ data is clocked into the PLL internal
shift register at the leading edge of the CLK signal. It is not
necessary to reprogram the reference frequency counter/
control register when using the anable signal to program the
fransmit/receive channels.

In programming the control register/reference frequancy
schema, the most significant bit {MSB) of the programming
word identifies whether the input data is the control word or
the reference frequency data word. If the MSB is 1, the input
data is the control word (Figure 8). Also see Figure 8 and
Table 1 for control register and bit functicn. If the MSB is 0, the
input data Is tha reference frequency (Figure 9).

The reference frequency data word is a 32-bit word con-
taining the 12-bit reference fraquency data, the 14-bit auxil-
iary reference frequency counter information, the reference
frequency selection plus, the auxiliary reference frequency
counter enable bit (Figure 9).

If the AUX REF ENB bit is high, the 14—bit auxiliary refer-
ence frequency counter provides an additional phase refer-
ence frequency output for the leops. If AUX REF ENB bit is
low, the auxiliary reference frequency counter is forced into

power—down mode for current saving. (Other power down
modes are also provided through the control register per
Table 2 and Figure 8.) At the falling edge of the ENB signal,
the data is stored in the registers.

There are two Interfacing schemes for the universal chan-
nal mode: the three—pin and the four—pin interfacing
schemes. The three—pin interfacing scheme is suited for use
with the MCU SP| (serial peripheral interface} (Figure 10),
while the four—pin intaerfacing scheme is commonly used for
general I/O port connection (Figure 11).

For the three—pin interfacing scheme, the auxiliary data
select bit is set to 0. All 32 bits of data, which define both the
16-bit transmit counter and the 16-hit receive counter, latch
into the PLL internal register through the data in pins at the
leading edge of CLK. See Figures 12 and 13.

For the four—pin interfacing scheme, the auxiliary data
selact bit is setto 1. In this scheme, the 16-bit transmit count-
er's data enters into the ADjy pin at the same time as the
16-bit receive counter's data enters into the D pin. This si-
multaneous entry of the transmit and receive counters
causes the programming period of the four—pin scheme to be
half that of the three—pin scheme (see Figures 14 and 15).

White programming Tx/Rx Channei Counter, tha ENB pin
must be pulsed to provide falling edge to latch the shifted data
after the rising edge of the last clock. Maximum data transfer
rate is 500 kbps.

NOTE

10 ms should be allowed for initial start—up time
for the oscillator to allow all registers to clear and
enable programming of new register values.

MOTOROLA

MC145162+MC145162-1
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CONTROL R

\ -
Din 1 . st PV BV meo \ reo V rerro
o A AN QT eveie A enasie | enveale
MsB

CLK

EGISTER IDENTIFIER = 1
CONTROL RE\G!STER DATA

N

LS8

ENB

NOTE: ENB must be high during the serial transfer.

Figure 8. Programming Format of the Control Register

Table 1. Control Register Function Bits Description

Test Bit

Setto 1 for TX/Rx channe! counter test mode
Set to 0 for normal application

Aux Data Selact

Set to 1 for both ADj, and Dj, pins inputting the transmit 16-bits data and receive 16-bits data
respectively.

Set to 0 for normal applicalion interfacing with MCU serial peripheral interface. Does not use ADjy pin;
tie ADjp to Vgs.

REFgyt + 3/+-4

If set to 1, REF ot output frequency is equal to OSCqt -+ 3.
If set to 0, REF 5t output is OSCqyt 4.

TxPD Enable If set to 1, the transmit counter, transmit phase detector, and the associated circuitry is in power—
down mode.
Tx PSffTy is set "High™.
RxPD Enable if set to 1, the receive counter, receive phase detector, and the associated circuitry is in power—
down mode.
Rx PSifRy is set “High".
Ref PD Enable If setto 1, both 12-bit and 14-bit refarence frequency counters are in power—down mode.
Table 2. Control Register Power Down Bits Function
TxPD RxPD REF PD Reference
Enable Enable Enable Tx-Channel Counter Rx-Channel Counter Frequency Counter
0 0 0 — — —
0 0 1 — — Power Down
0 1 0 e Powsar Down —_
0 1 1 — Power Down Power Down
1 0 Q Power Down o —
1 0 1 Power Down — Power Down
1 1 0 Power Dawn Power Down s
1 1 ] Power Down Power Down Powar Down
MC145162.MC145162-1 MOTOROLA



REFERENCE FREQUENCY COUNTER

REFERENCE

IDENTIFIER =0 REFERENCE FREQUENCY REFERENCE AUX REFERENCE
FREQUENCY COUNTER FREQUENCY FREQUENCY COUNTER
SELECT DIVIDE RATIO SELECT DIVIDE RATIO
A Al Fal A
Vd AW S Y Y
AUX

rer ¥ 0 Y Rxo 12-BITS REF FREQ R 14-BITS AUX REF FREQ

Din 0 K nABLEA SELECTA SELECT DATA 51 52 DATA

- JduuuLtuuyL Tl

ENB

NOTE: ENB must be high during the seral transfer.

Figure 9. Pregramming Fermat of the Auxiliary/Reference Frequency Counters

Dy =
e UNIVERSAL PLL
USING CLE it
SERIAL PERIPHERAL
INTERFACE PORT AUX DATABIT = 0
ENB -
Figure 10. MCU Interface Using SPI
——  ADp
Dp —=
MCU UNIVERSAL PLL
USING
NORMAL Ii PORT CLK - AUX DATA BIT = 1
ENB =

Figure 11. MCU Interface Using Normal /O Ports with
Both Dj and ADjy, for Faster Programming Time

MC145162+MC145162-1
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CONTROL REGISTER IDENTIFHER = 1 CONTROL REGISTER DATA

\

AUX REF

TEST A TxPD RxPD REF PD

Oin ! 0 BIT DATA ENABLE A ENABLE /\ ENABLE
SELECT _:u 4

MSB

AUX DATA SELECT =0

CLK

ENB |_

NOTE: ENB must be high during the serial transfer.

Figure 12. Programming Fermat for Control Register (3-Pin Interfacing Schema)

5 16-BIT Tx COUNTER 16-8IT Rx COUNTER
in DIVIDE RATIO DIVIDE RATIQ
LAST
‘—i—
CLK CLOCK
(4 (4
P P
ENB

NOTE: ENB must be iow during the serial transfer.

Figure 13. Programming Format for Transmit and Receive Counters
(3—Pin Intarfacing Schema)

CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA

TEST DA :'I?.(A 25§ TxPD RxPD REF FD
BIT SELECT ENABLE A ENABLE AA ENABLE

AUX DATA SELECT =1

CLK

ENB

NOTE: ENB must be high during the serial transfer.

Figure 14. Programming Format for Control Register (4-Pin Interfacing Scheme)

MC145162-MC145162-1 MOTOROLA
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D 16-BIT Tx COUNTER \
n DIVDE RATIO /
N 16-BIT Rx COUNTER \
n DIVIDE RATIO /
LAST
CLX -
CLOCK
(4
P2l
ENB

NOTE: ENB musi be low during the serial transfer.

Figure 15. Programming Format for Transmit and Receive Counters
(4—Pin Interfacing Scheme)

Table 3. Global CT-1 Reference Frequency Setting vs Channel Freguencies

Country Channels Frequency R fr2
US.A. 46/49 MHz (10, 15, 25 Channels) 5.0kHz —
France 26/41 MHz 6.25 kHz/12.5 kHz —
Spain 31/41 MHz 5.0 kHz —
Australia 30439 MHz 5.0 kHz —
UK. 1.7/47 MHz 6.25 kHz 1.0 kHz
New Zealand 1.7/34/40 MHz 6.25 kHz 1.0 kHz

REFERENCE FREQUENCY SELECTION
AND PROGRAMMING

Figure 16 shows the bit function of the reference frequency
programming word. The user can either select the "fixed”
reference frequency for all channels accordingly or provide a
specific referance frequency for a particular channel by using
two referance frequency counters (e.g., for an application in
France, the base set transmit channel common fixed refer-
ence frequency is 6.25 kHz or 12.5 kHz). (See Table 3 and
Figure & for reference frequencies for various countries.)
However, transmit channels 6, 8, and 14 can be set to
25 kHz, and channel B reference frequency can be set fo
50 kHz. But this reference frequency may not be applied to
the receiving side; therefore, the receiving side reference fre-
quency must be generated by another reference frequency
counter. The higher the reference frequency, the better the
phase noise performance and faster the lock time, but the
PLL consumes more current if both reference frequency
counters are in operation.

In general, the 12-bit reference frequency counter pius the
-+ 4 and - 25 module can offer all the raference frequencies

for global CT-1 transmit and receive channel requirements.
Users can select their own reference frequency by intro-
ducing the additional 14-bit auxiliary reference frequency
counter.

Again, the 14-bit auxiliary reference frequency counter can
be shut down by the auxiliary reference enable bit in the refer-
ence counter programming word by setting the bit to 0. At this
state, the fr2 is automatically connected to point C {the =—25
block output), and fR 1 can be connected to point A or B by set-
ting the fr1—-S1 and fr1—52 bits in the reference counter pro-
gram word. The 14-bit auxiliary reference frequency counter
data will be in “Don't Care" state.

iIf the 14-hit auxiliary reference frequency counter is
enabled (auxiliary reference enable = 1), then frz is auto-
matically connected to point D {14-bit counter output), and
fr1 can be selected to connect to point A, B, or C, depending
on the bit setfting of fr1-51 and fr1-S2.

Table 4 and Figure 16 describe the functions of the auxiliary
reference enable bit and the frR1~S1 and fR1-582 bits
selection.

MOTOROLA
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12-BIT PROGRAMMABLE

| OSGn REFERENCE COUNTER
l 14-BIT PROGRAMMABLE
0SCout AUXILIARY REFERENCE -
COUNTER
MAXIMUM PHASE |~ TxPDgy
CRYSTAL FREQUENCY DETECTOR
16.0 MHz
L&
1 Re
o PHASE [~ RePDoy
DETECTOR
°0 Ru0
SELECT
REF FREGUENCY
COUNTER IDENTIFIER = 0 REFERENCE REFERENCE REFERENCE
FREQUENCY FREQUENCY FREQUENCY AUXILIARY REFERENCE
SELECT COUNTER SELECT FREQUENCY COUNTER
A Fal Fal Fa
£ NS AV N A
AUX
b 0 rer ¥ 0 Y RxD 12-8ITS REF FREQ R1 R4 14-BITS AUX REF FREQ
n ENABLE/\ SELECT /A SELECT DATA S1 s2 DATA

- JHUUU LU L, ]

ENB

NOTE: ENB must be high during the serial fransfer.

Figure 16. Reference Frequency Counter/Selection Programming Mode

Table 4. Bit Function and the Reference Frequency Selaction Bit Setting of the
Reference Frequency Counter Programming Word

AUX REF Auxiliary Reference Frequency Madule frR1 fR1
Enable Counter Mode Select 81 82 fr1 Routing

0 14-Bit Auxiliary Reference Frequency frz = C 0 0 N/A
Counter Disable 0 1 fR1 A
1 0 frR1—B

1 1 N/A

1 14-Bit Auxiliary Refarence Frequency frz —D a 0 N/A
Counter Enable a 1 fr1 oA
1 0 fr1—B
1 1 fr1 o C

N/A = Not Applicable

MC145162«MC145162-1
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POWER SAVING OPERATION

This PLL has a programmable power—saving scheme, The
transmit and recaive countars and the reference frequency
counter can be powered down individually by setting the
TxPD enable, RxPD enable, and Ref PD enable bits of the
control register. The functions of the power down control bits
are explained in Table 2 and the programming format is in
Figure 8.

The output pins TxPS/fTy and R«PS/fRy output tha status of
the internai power saving setting. If the bit TXPD enable is set
“high” (transmit counter is set to power—down mode), then the
TxPS{fTy pin will also output a *high” state. This TxPS/fTy out-
put can control an externat power switch to switch off the
transmitter, as shown in Figure 17. This scheme can be
applied to the RxPS/fRy, output to control the receiver power
saving operation as required.

POWER SUPPLY

TXPS/yy

POWER SWITCH FOR TRANSMITTER

Tx RaPSH
POWER Rx

AMP

TO CONTROL THE RECEIVER
POWER SWITCH

UNIVERSAL DUAL PLL

VoD

Tx POWER-DOWN
ENABLE FLAG

1

Tx DIVIDER CHAIN COUNTER, PHASE DETECTOR

L

Voo

Rx POWER-DOWN
ENABLE FLAG

i

Rx DIVIDER CHAIN COUNTER, PHASE DETECTOR

L

Figure 17. TxP8/fTx and RxP SRy Outputs to Control Power Switches
of the Transmitter and the Receiver

MOTOROLA

MC145162+MC145162-1
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Tx/Rx CHANNEL COUNTER TEST of the transmit—channel counter and the receive—channel
counter multiplex out to TxPSHTy and RxPS/fry respectively.
The user can verify the divided—down output waveform asso-
ciated with the RF input level in the PLL circuitry implementa-
tion {Figure 18).

In normal applications, the TxPS/Tyx and the RxPS/fry out-
put pins indicate the power saving mode status. However, the
user can examine the Tx and Rx channel counter outputs by
setting the Test bit in the control register to 1. The final value

_‘ '_ fin-T 16-BIT Tx PROGRAMMABLE
CHANNELS COUNTER

x

TYPS/fry

15 TxPS

IF TEST BIT S SET TO 1, THE fry
AND fry ARE MUXED OUT AT PINS CONTROL REGISTER IDENTIFIER = 1

TaPSfr, AND RiPSfiRy, \ CONTROL REGISTER
RESPECTIVELY, FOR Rx/Tx ~ ~
CHANNEL COUNTER TEST. st ALK REF o o .

DATA out
in ! 0 BT A srieer A\ = yes/\ ENABLE A ENABLE A\ envaLe
4 iR 16-BIT Rx PROGRAMMABLE
CHANNELS COUNTER
f
RxPS /1y T R
RxPS
[Pad|
Figure 18. RF Buffer Sensitivity
MC145162:MC145162-1 MOTOROLA
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Table 5. France CT-1 Base Set Frequency

Tx Channel Tx Counter Value fin—R Input Rx Counter Value

Channel Frequency (Ref. Freg. = Frequency (MHz) {Ref. Freq. =
Number ({MHz} 6.25 kHz) [1st IF = 10.7 MHz] 6.25 kHz)

1 26.4875 4238 30.7875 4926

2 26.4750 4236 30.7750 4924

3 26.4625 4234 30.7625 4922

4 26.4500 4232 30.7500 4920

5 26.4375 4230 30.7375 4918

6 26.4250 4228 30.7250 4916

7 26.4125 4226 30.7125 4914

8 26.4000 4224 30.7000 4912

g 26.3875 4222 30.6875 4910

10 26.3750 4220 30.6750 4908

ii| 26.3625 4218 30.6625 4806

12 26.3500 4216 30.6500 4904

13 26.3375 4214 30.6375 4902

14 26,3250 4212 30.6250 4900

15 26.3125 4210 30.6125 4893

Table 6. France CT-1 Handset Fraquency
Tx Channel Tx Counter Value fin—R input Rx Counter Value

Channel Froquency {Ref. Freg. = Fregquency (MHz) {Ref. Fraq. =
Number {MHz) 6.25 kHx) [1stIF = 10.7 MHz] 6.25 kHz)

1 41.4875 6638 37.1875 5950

2 41.4750 6636 37.1750 5948

3 41,4625 6634 37.1625 5946

4 41.4500 6632 37.1500 5044

5 41.4375 6630 37.1375 5942

8 41.4250 6628 37.1250 5940

7 414125 6626 37.1125 5938

B 41.4000 6624 37.1000 5936

9 41.3875 6622 37.0875 5934

10 41.3750 6620 37.0750 5932

1 41.3625 5618 37.0625 5830

12 41.3500 6618 37.0500 ho28

13 41.3375 6614 37.0375 5926

14 41.3250 6612 37.0250 5924

15 41,2125 6610 37.0125 5922

MOTOROLA
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Table 7. Spain CT-1 Base Set Frequency

Tx Channel Tx Counter Value fin—R Input Rx Counter Value

Channel Frequency (Ref. Freq. = Frequency (MHz) (Ref. Freq. =
Number {MHz) 5.00 kHz) [1stIF = 10.695 MHz] 5.00 kHz)

1 31.0250 6205 29.2300 5846

2 31.0500 6210 29.2550 5851

3 31.0750 6215 29.2800 5856

4 31.1000 §220 28.3050 5861

5 31.1250 6225 28.3300 5866

6 31.1500 6230 29.3550 5871

7 311750 6235 29.3800 5876

8 31.2000 5240 29.4050 5881

9 31.2500 6250 29.4550 56891

10 31.2750 65255 29.4800 5696

11 31.3000 6260 28.5050 5901

12 31.3250 6265 29.5300 5906

Table B. Spain CT-1 Handset Frequency
Tx Channei Tx Counter Value fin—R Input Rx Ceunter Value

Channel Frequency {Ref. Freq. = Frequency (MHz) (Ref. Freq. =
Number {MHz) 5.00 kHz) [1st IF = 10.7 MHz] 5.00 kHz)

1 39.9250 7985 20.3300 4066

2 38.9500 7990 20.3550 4071

3 39.9750 7995 20.3800 4076

4 40.0000 8000 20.4050 4081

5 40.0250 8005 20.4300 4086

6 40.0500 8010 20.4550 4091

7 40.0750 8015 20.4800 4096

8 40.1000 8020 20.5050 4101

9 40.1500 8030 20.5550 4111

10 40.1750 8035 20.5800 4116

11 40.2000 8040 20.6050 4121

12 40.2250 8045 20.6300 4126

MC145162+MC145162-1
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Table 9. New Zealand CT-1 Base Set Frequency

Tx Channel fin—R Input Rx Counter Value

Channel Frequency Frequency (MHz) (Ref. Freg. =
Number (MHz) Tx Counter Value [1st IF = 10.7 MHz] 6.25 kHz)

1 1.7820 1782 ™ 29.7625 4762

2 1.7620 1762 29.7500 4760

Ref Freq

3 1.7420 1742 » _ 1.0 kHz 29.7375 4758

4 1.7220 1722 29.7250 4756

5 1.7020 1702 _/ 297125 4754

6 34.3500 5486 ™ 29.7000 4752

7 34.3625 5498 29.6875 4750

8 343750 | 5500 G g peed 206750 4748

9 34.3875 5502 29.6625 4746

10 34.4000 5504 ) 29.6500 4744

Table 10. New Zealand CT-1 Handset Frequency
Tx Channel Tx Counter Value

Channel Frequency (Ref. Freq. = fin—R Input
Number (MHz) 6.25 kHz) Frequency (MHI) Rx Counter Value

1 40.4625 6474 22370 TN 2237 ™\

2 40.4500 6472 22170 2217

Ref Freq Ref Freq =

3 40.4375 6470 2.1970 = 455 kHz 2197 > _ 10kHz _|

4 40.4250 6468 21770 2177

5 40,4125 6466 21570 _/ 2157

6 40.4000 6464 23.6500™Y ared ™y

7 40.3875 6462 23.6625 3786

Ref Freq Ref Freq

8 40.3750 6460 236750 > =10.7 kKHz a’es > = 6.25 kHz _|

9 40.3625 6458 23.6875 3790

10 40.3500 6456 23.7000_/ 3re2 _/

MOTOROLA
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Table 11. Australia CT-1 Base Set Frequency

Tx Channel Tx Counter Value fin—-R Input Rx Counter Value

Channel Frequency {Ref. Freq. = Frequency (MHz} {Ref. Freq. =
Number {MHz) 5.00 kHz) [1stIF = 10.695 MHz] 5.00 kHz}

1 30.0750 6015 29,0800 5816

2 30.1250 6025 29.1300 5826

3 30.1750 6035 29.1800 5836

4 30.2250 6045 29.2300 5846

5 30.2750 6055 29.2800 5856

6 30.1000 6020 29.1050 5621

7 30.1500 6030 29.1550 5831

8 30.2000 6040 29.2050 5841

g 30.2500 6050 29.2550 5851

10 30.3000 6060 29.3050 5861

Table 12. Australia CT-1 Handset Frequency
Tx Channel Tx Counter Value fin~R Input Rx Counter Value

Channel Frequency (Ref. Freq. = Frequency {MHz) {Ref. Freq. =
Number {MHz) 5.00 kHz) [tstIF = 10.7 MHz] 5.00 kHz)

1 38.7750 7955 19.3800 3876

2 39.8250 7965 19.4300 3886

3 39.8750 7975 19.4800 3896

4 39.9250 7985 19.5300 3006

5 39.9750 7995 19.5800 3916

6 39.8000 7960 19.405] 388t

7 39.8500 7970 19.4550 3891

8 39.9000 7980 19.5050 3901

9 39.9500 7890 19.5550 g

10 40.0000 8000 19.6050 391

MC145182«MC145162-1

18

MOTOROLA



Table 13. UK. CT-1 Base Set Freaquency

Tx Channel Tx Counter Value fin—R Input Rx Counter Vaiue

Channel Frequency {Ref. Freq. = Frequency (MHz) {Ref. Freq. =
Number (MHz) 1.00 kHz)} [1st IF = 10.7 MHz] 8.25 kHz)

1 1.6420 1642 36.75625 5881

2 1.6620 1662 36.76875 5883

3 1.6820 1682 36.78125 5885

4 1.7020 1702 36.79375 5887

5 1.7220 1722 36.80625 5089

6 1.7420 1742 36.81875 5801

7 1.7620 1762 36.83125 5893

8 1.7820 1782 36.84375 5895

Table 14. U.K. CT-1 Handset Frequency
Tx Channel Tx Counter Value fin—R Input Rx Counter Value

Channel Frequency (Ref. Frag. = Frequency {(MHz) (Ref. Freq. =
Number (MHz) 6.25 kHz) {18t IF = 455 kHz] 1.00 kHz)

1 47.45625 7593 2.097 2097

2 47.48875 7595 2117 2117

3 47.48125 7597 2137 2137

4 47.49375 7599 2157 2157

5 47.50625 7601 2177 2177

6 4751875 7603 2.197 2197

7 4753125 7605 2.217 2217

8 47 54375 7607 2.237 2237

MOTOROLA
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Table 15. U.5.A. (10 Channels) CT-1 Base Set Frequency

Tx Channel Tx Counter Value fin-R Input Rx Counter Value

Channel Frequency {Ref. Freq. = Frequency {MHz) {Ref. Freq. =
Number {MHz} 5.00 kHz) [1st IF = 10.695 MHz] 5.00 kHz)

1 46.610 9322 38.975 7795

2 46.630 9326 3B.150 7830

3 46.670 9334 38.165 7833

4 46.710 9142 39.075 7815

5 46.730 - 9346 39.180 7836

6 48.770 9354 39.135 7827

7 46.830 9366 39.195 7839

8 46.870 9374 39.235 7847

9 46.930 9386 39.295 7859

10 46.970 9394 39.275 7855

Table 16. U.5.A. (10 Channels) CT-1 Handset Frequency
Tx Channel Tx Counter Value fin-R Input Rx Counter Value

Channel Frequency (Ref. Freq. = Fraquency (MHz) {Ref. Freg. =
Number {MHz) 5.00 kHz) {1stIF = 10.7 MHz} 5.00 kHz)

1 49.670 9934 35.915 7183

2 49.845 9969 35.935 7187

3 49.860 9972 35975 7195

4 49.770 9954 36.015 7203

5 49.875 9975 36.035 7207

6 49.830 9966 36.075 7215

7 49 890 9978 36.135 7227

8 49,930 9986 36.175 7235

9 49.990 9998 36.235 7247

10 49.970 9994 38.275 7255

MC145162.MC145162-1
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Table 17. U.S.A. (25 Channels) CT—1 Base Set Frequency

Tx Channel Tx Counter Value fin—R Input Rx Counter Value
Channel Frequency (Ref. Freq. = Frequency (MHz) {Ref. Freq. =
Number (MHz) 5.00 kHz) [1st IF = 10.7 MHz] 5.00 kHz)

1 43.72 8744 38.06 7612

2 43.74 8748 38.14 7628

3 43.82 8764 38.16 7632

4 43.84 8768 38.22 7644

5 43.92 8784 38.32 7664

6 43.96 8788 38,38 7676

7 4412 8824 38.40 7880

8 44.16 8832 38.46 7692

8 4418 8836 38.50 7700
10 44.20 8840 38.54 7708
11 44.32 8864 38.58 7716
12 44 36 8872 38.66 7732
13 44 .40 8880 3870 7740
14 44 46 8892 38.76 7752
15 44,48 8896 38.80 7760
16 46.61 9322 3897 7794
17 46.63 9326 39.145 7829
18 46.67 9334 39.16 7832
19 46.71 9342 39,07 7814
20 46.73 9346 39.175 7835
21 46.77 9354 3913 7826
22 48.83 9366 38.18 7838
23 46.87 5374 39.23 7846
24 46.93 9386 39.29 7858
25 46.97 9394 39.27 7854

MOTOROLA
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Table 18. U.S.A. {25 Channels) CT-1 Handset Frequency

Tx Channel Tx Counter Value fin—R Input Rx Counter Value

Channet Frequency {Ref. Freq. = Frequency {MHz) (Ref. Freq. =
Number (MHz) 5.00 kHz) {1stIF = 10.7 MHz] 5.00 kHz)

1 48.76 9752 33.02 6604

2 45.84 9768 33.04 6608

3 48.86 9772 33.12 6624

4 48.92 9748 33.14 6628

5 49.02 9804 33.22 6644

6 49.08 9816 33.26 6652

7 49.10 9820 3342 6684

8 49.16 9832 3346 6692

9 49.20 9840 33.48 6696

10 49.24 9848 33.50 6700

1 49.28 9856 33.62 6724

12 49.38 9872 33.66 6732

13 49,40 9880 33.70 6740

14 49.46 9892 33.76 6752

15 49.50 9900 33.78 6756

16 4967 9934 3391 7182

17 49.845 9969 3393 7186

18 49,86 9972 3397 7194

19 49.77 9954 36.0% 7202

20 49.875 9975 36.03 7206

21 49.83 9966 36.07 7214

22 49.89 9978 36.13 7226

23 4993 9986 3617 7234

24 49.99 9998 36.23 7246

25 4997 9994 36.27 7254

Table 19. Korea CT-1 Base Set Frequency
Tx Channe| Tx Counter Value fin—R Input Rx Counter Value

Channel Frequency (Ref. Freq. = Frequency (MHz) {Rel. Freq. =
Number {MHz) 5.00 kHz} [1st IF = 10.695 MHz] 5.00 kHz)

1 48.610 9322 38.975 7795

2 46.630 9326 38.150 7830

3 48.670 9334 38.165 7833

4 46.710 9342 39,075 7815

5 46.730 9346 39.180 7836

6 46.770 9354 39.135 7827

7 46.830 9366 39.195 7839

8 46.870 9374 39.235 7847

9 46.930 9386 39.295 7859

10 46.970 9394 39.275 7855

11 46.510 9302 39.000 7800

12 46.530 9306 39.015 7803

13 46.550 9310 39.030 7806

14 46.570 9314 39.045 7809

15 46.590 9318 39.060 7812

MC145162+MC145162-1
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Table 20. Korea GT—1 Handset Frequency

Tx Channel Tx Counter Value fin—R lnput Rx Counter Value
Channel Frequency (Ref. Freq. = Frequency (MHz) {Ref. Freq. =
Number {MHz) 5.00 kHz) [1st IF = 10.7 MHz] 5.00 kHz}
1 49.670 9934 35.915 7183
2 49.845 9969 35.935 7187
3 49,860 9972 35.975 7195
4 49.770 9954 36.015 7203
5 49875 8975 36.035 7207
6 49.830 9966 36.075 7215
7 49.850 9978 36.135 7227
8 49,930 9986 36.175 7235
9 49.950 9998 36.235 7247
10 49.970 9994 36.275 7255
11 49.695 9939 35815 7163
12 49.710 9942 35,835 7167
13 43725 8945 35.855 FAFA|
14 49,740 9948 35.875 7175
15 49.755 9951 35.895 7179
Table 21. China CT-1 Base Set Frequency
Tx Channel Tx Counter Value fin—R Input Rx Counter Value
Channel Frequency {Ref. Freq. = Frequency (MHz) {Ref. Freq. =
Number {MHz} 5.00 kHz) [1stIF = 10.7 MHz] 5.00 kHz)
1 45250 8050 37.550 7510
2 45275 9055 37.575 7515
3 45.300 9060 37.600 7520
4 45,325 9065 37.625 7525
5 45.350 9070 37.650 7530
6 45375 9075 37.675 7535
7 45,400 8080 37.700 7540
B 45425 8085 37.725 7545
9 45.450 9080 37.750 7550
10 45475 9085 37.775 7555
Table 22. China CT-1 Handset Frequency
Tx Channel Tx Counter Valua fin-R Input Rx Counter Value
Channel Frequency {Ref. Freq. = Frequency (MHz) (Ref. Freq. =
Number {MHz) 5.00 kHz) [1stIF =10.7 MHz] 5.00 kHz}
1 48.250 9650 34.550 6910
2 48.275 9655 34.575 6915
3 48.300 9660 34.600 6920
4 48.325 9665 34.625 6925
5 48.350 9670 34.650 6930
6 48.375 9675 34675 6935
7 48.400 9680 34.700 6940
8 4B.425 9685 34.725 6945
9 48.450 9690 34.750 8950
10 48.475 9695 34.775 6955
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YA‘ EMR ..the analog plus company ™

- AN A AAAY

FEATURES

Wide Frequency Range, 0.01Hz to 300kHz
Wide Supply Valtage Range, 4.5V to 20V
HCMOS/TTL/Logic Com patibility

FSK Demodulation, with Carmier Detaction
Wide Dynamic Range, 10mV to 3V rms
Adjustable Tracking Range, +1% to 80%

# Excellent Temp. Stability, +50ppm/C, max.

XR-2211

FSK Demodulator/
Tone Decoder

June 1997-3
APPLICATIONS
e Caller Identification Delivery
¢ FSK Demcdulation
e Data Synchronization
*» Tone Decoding
¢ FM Detection

e Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particuiarly suited for FSK modem
applications. It operates over a wide supply voltage range
of 45 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase dstector which provides carrier
detection, and an F SK voltage comparator which provides
FEK demodulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An internal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATION
Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP {0.300") -55°C to +125°C
AXR-2211N 14 Pin CDIP {0.300%) -40°C to +85°C
XR-2211P 14 Pin PDIP {0.300") -40°C to +85°C
XR-221110 14 Lead SOIC (Jedec, 0.1507) -40°C to +85°C

EXAR Corporation, 48720 Kato Road, Framont, CA 94538 # (510) 668-7000 # FAX (510) 668-7017
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XR-2211 —

BLOCK DIAGRAM

Vee GND NC

© © G

O I\Pre Armnphfier 1) Do
INP (2 Loop
V 8-Det 3) LDF

™t (1) ek
_l Detect
veo M Comparator 8) 1poa
o -
Timc2 \13 Quad
TIMR @ 6-Det 5) LDOQN
Intema
VReF @ Vrer -
Reference FSK Comp / DO
COMP | 8

Figure 1. XR-2211 Block Dlagram
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PIN CONFIGURATION

XR-2211

Vee Voo £
INP INP =
LDF LDF
GND GND =
LDOAQN LDOGN =
LDOG LDOQ =
Do DO

- M R W R =

guuogooe

14 Lead CDIP, PDIP (0.300")

TIM C1
TIM C2
TIMR
LDO
VREF
NC
COMP |

14 Lead SOIC (Jedec, D.150")

PIN DESCRIPTION

Pin # Symbol Type |Description
1 Vee Positive Power Supply.
2 INP | Recelve Analog Input.
3 LDF 0 Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN 0 Lock Detect Output Not. This output wil be low if the VCO is in the capture range.
6 LDOQ e} Lock Detect Output. This output will be highif the YCO is in the capture range.
7 Do 0 Data Output. Decodad FSK oulput.
8 COMP | | FSK Comparator input.
] NC Not Connected.
10 VREF o internal VYoltage Reference. The valus of VReris Vo2 - B50mMY.
" LDO 6] Loop Deatect Output. This output provides the result of the quadrature phase detachion.
12 TIM R | Timing Reslistor Input. This pin connects to the timing resistor of the VCO.
13 TiM C2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIM C1 I Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

TEM
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vo = 12V, Ta = +25°C, Rp = J0KLQ, Cg = 0.033uF, unless otherwise specified.

Z*EXAR

Parameter Min. Typ. Max. [ Unit |Conditions
General
Supply Voltage 4.6 20 v
Supply Current 4 7 mA Rp 2 10KQ. See Figure 4.
Osciliator Section
Freguency Accuracy 1 3 % Deviation from fg = 1/Rg Cp
Frequency Stability
Temperature +20 +50 ppmfC | See Figuwre B
Pawer Supply 0.05 06 %/ v Yoo = 12 21V. See Figure 7.
02 %/V Yoo = £ 5V. See Figure 7.
Upper Frequency Limit 100 300 kHz Rg=8.2KQ, Cg=400pF
Lowest Practical Operating 001 Hz Ro=2M&, Cg=50pF
Frequency
Timing Resistor, Rg - See
Figura 5
Cperating Range [ 2000 KL
Recommended Range KQ See Figure 7and Figure 8.
Loop Phase Dectector Section
Peak Output Current +160 +200 #300 pA Measured at Pin 11
Cutput Gfiset Current 1 pA
Qutput Impedance 1 ME2
Meaximum Swing +4 +5 vV Refersnced ta Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Cutput Current 100 300 pA
Qutput Impedance 1 M2
Meximum Swing 1 Vpp
Input Preampt Section Measured at Fin 2
Input Impedance 20 KQ
Input Signal
Voitage Required to
Cause Limiting 2 10 mV rms

Notes

Paramelers gre guarenteed over the recommaended operating conditions, but are nat 100% testad in production.
Bold face parameters are covered by production test and guaranteed over oparating temperature range.
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DC ELECTRICAL CHARACTERISTICS {CONT'D)

- XR-2211

Test Conditions: Vee =12V, Ty = +26°C, Rg = 30K, Cp = 0.033uF, unless othamwise speacified.

Parameter I Min. l Typ. I Max. Unit |Conditions
Voitage Comparator Section

Input Impedance 2 ME2 Measured at Pins 3 and 8
tnput Bias Current 100 nAa,

Voltage Gain a5 70 dB R =5.1KE

Output Voltaga Low 300 600 my Ilc=3mA

Qutput Leakags Current 0.01 10 WA Vg =20V

Internal Reference

Voltage Leval 4.9 53 6.7 vV Measured at Pin 10
Output Impedance : 100 AC Small Signal
Maximum Source Current 80 pA

Notes

Parameaters ars guarentesd aver the recommended aperating condilions, but are nat 106% tasted in production.
Bold face parameters are covered by production test and guerentesd over operating tamperature renge.

Specifications are subject to change without notice

ABEBOLUTE MAXIMUM RATINGS

PowerSupply ........ ... ... ... ... ..... 20V
Input SignalLevel ........................ Vrms
Power Dissipation ....................... S00mW

Package Power Dissipation Ratings

CDIP .. e, 750mwW
Derate Above Tp=25°C ............... 8mWerC
PDIP e e e, 800mwW
Derate Above TA=25°C .............. 60mWrC
SOl . e e 380mwW
Derate Above To=25°C ............... SmWrC

SYSTEMDESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCQ). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplifiedto a
constant high level signal. The multiplyingtype phase
detector acts as a digital exclusive or gate. Its output
{unfiltered) produces sum and difference frequencies of
the input and the VCO output. The VCO is actuelly a
current controlled oscillator with its normal input current
{fo) set by a resistor (Rg) to ground and its driving current
with a resistor (R 1} from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

(intemaily connected). When in lock, these frequencies
are fin+ fyco (2 times fiywhen in lock) and fiy - fyco (OHz
when lock). By adding a capacitor to the phase detector
output, the 2 times fiy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine ifthe VCO is
driven above or below the center fequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL isin lock
{quadrature phase detector and lock detector
comparator).

TEM
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PRINCIPLES OF OPERATION

Signal Input {Pin 2): Signal is AC coupled to this
terminal. The intemai impedance at pin 2 is 20K
Recommended input signal level is in the range of 10mV
ms to 3V rms.

Quadrature Phase Detector Qutput (PIn 3): Thisis the
high impedance output of quadrature phase detector and
is internally connected to the input oflock detect voltage
comparator. In tone detection applications, pin 3 is
connected to groundthrough a parallel combination of R
and Cp (see Figure 3) to eliminate the chatter at lock
detect outputs. Ifthe tone detect section is notused, pin 3
can be leflt open.

Lock Detect Output, @ (Pin 6): The output at pin 6 is at
“9ow” state when the PLL is out of lock and goes to “high”
state when the PLL is iocked. It is an open collector type
output and requires a pullup resistor, R, to V¢ for
proper operation. At “low” state, it can sink up to 5mA of
load current.

Lock Detect Complement, (Pin 5}: The outputatpinS is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink 5mA of {oad current at low or “on” state.

FSK Data Qutput (Pin 7): This outputis an open coliector
logic stage which requires a pulkup resistor, R, , to V- for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data output is at “high” or “off’
state for low input frequency, and at “low” or “on” state for
high input frequency. Ifnoinput signal is present, the logic
state at pin 7 is indeterminate.

FS8K Comparator Input (Pin B): This is the high
impedance input to the FSK voltage comparator.
Mormally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output {pin 11). This data filter is formed by Rp
and Cr (see Figure 3.) The threshold voltage of the
comparator is set by the internal reference voltage, Vier,
available at pin 10.

Reference Voltage, Vrer (Pih 10): This pin is internally
biased atthe reference voltage level, Vrer: Vrep = Voo 22
- 650mV. The DC voltage level at this pin forms an intemnal
reference forthe voltage levels at pins 5, 8, 11 and 12. Pin

y __J/ / / /S /S S S L

10 must be bypassed to ground with a 0.1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL locp fiker is formed by Rq and C;
connectedto pin 11 (see Figure 3.) With noinput signal, or
with no phase error within the PLL, the DC level at pin 11 is
very nearly equal to Vger. The peak to peak voltage swing
available at the phase detector output is equalto 2x VRer.

VCO Conftrol Input (Pin 12): VCO free-running
frequency is determined by external timing resistor, Ry,
connected from this terminal to ground. The VCO
free-running frequency, fp, is:

1H..!

ro - RD'CQ

where C is the timing capacitor across pins 13 and 14.
For optimum temperature stabilty, Ry must be in the
range of 10KE2 to 100KE2 (see Figure 9.)

This terminal is a low impedance point, and is intemally
biased at a DC level equal to VR The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper cperation of the circuit.

VCO Timing Capacitor {Pins 13 and 14): VCO
frequency is inversely proportional to the external timing
capacitor, C, connected across these terminals (see
Figure 8) Cp must be non-polar, and in the range of
200pF to 10uF.

VCO Frequency Adjustment: VCO canbe fine-tuned by
connecting a potentiometer, Ry, in series with R at pin 12
(see Figure 10)

VCO Free-Running Frequency, f: XR-2211 does not
have a separate VCO output terminal. instead, the VCO
outputs are internally connected to the phase detector
sections ofthe circuit. For set-up or adjustment purposes,
the VCO free-running frequency can bse tuned by using
the generalized circuit in Figure 3, and applying an
alternating bit pattern of O's and 1's at the known mark
and space frequencies. By adjusting Rg, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO f; value is
accuratelyreferencedtothe mark andspace frequencies.
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XR-2211

Loop Data
Filter Filter FSK
Output
> ospaf  feof Y
FSK
Comp
L
] VCO
Input —
Preamp
3
- ] Lock Detect
—» ¢ Dot D —’I:g—o Outputs
Lock Detect Lock Detact
Filter Comp
Figure 2. Functional Block Diagram of a Tone and FSK

Decoding System Using XR-2211

Vee
Rg
AN R
| oop 11 ;
— Pnhase O +> .
Detact
-~ FSK
Comp.
2 Internal
Input >_| b V0 Reference
Signal
01w 14 %)_' ﬁ 13 =
Co B
>1_ ovad + LDOQ
= L B&asg » - LDOQN
B
3 Lock 3
Detect
Comp.

Co

Figure 3. Generalized Circuit Connection for
F&K and Tane Detection

ANV AV A A EEAS TOM"
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DESIGN EQUATIONS

(Al resistance in £, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3 for definition of components)
1. VCO Center Frequency, fo:

R
fg RQ'CQ
2. Internal Reference Voitage, Vrer (measured at pin 10):

v,
Viaer = (% )-Bﬁﬂmv in vofts

3. lLoop Low-Pass Filter Time Constant, 1

1 = C Ry, (seconds)

where:

= Ry R
Rep = (R1 + R; )
if Rr is co or Cr reactance is co, then Rpp= R1
4. Loop Damping, ¢:

C _ 1250'00
- R-C,

Note: For derivelion/explanation of this equation, please see TAN-011.

5. Loop-tracking

bandwidth, * = "TD'
4f _ Ro
fo R,
Tracking
Bandwidth
Af A
L ! 1 | !
I 1 | | t
fLL f1 fo f2 fLy
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6. FSK Data filter time constant, tF:

— Ry~ Re
(Ry + R

1 -Cr (saconds)

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

L R1[ volt ]

K¢ = 310,000 | 7aden

Noate: For derivebion/explanation of this equation, please ses TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K = ~2 _ [radfan/second
L VF\'EF 'CD' R1 Voff

9. The filter transfer function:
- 1 = =
As) = T+ SR G, at 0 Hz, S=Jwandew =0

10. Total loop gain. Kt:

— - . = RF 1
K,—— Ka Kuﬂs) (5,000.00.(}?1 + RF))[saconds]

11. Peak detector current l4;

A Vier (Vaer in volts and I, in amps)

~ 20,000

Note: For dervation/explanation of this equation, please sag TAN-011.
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10showsthe basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external ccmponents are defined as follows: Rg and C set the PLL center frequency, R sets the system bandwidth,
and C  sets the loop filter time constant and the loop damping factor. Cr and Ri- form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuit of Figiure 10cen betailored for any F SK decoding application bythe choice of five key circuitcomponents: Ry,
R1, Cp, C1and Cr. For a given set of FSK mark and space frequencies, f; and fy, these parameters can be calculated as
follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)
a) Calcutate PLL center frequency, fo:

fo“ﬁ

b) Choosevalue oftiming resistor Rp, tobe inthe range of 10K£2to 100KE2. Thischoiceis arbitrary. The recommended
value is Ry = 20KQ. The final value of Ry is normally fine-tuned with the series potentiometer, Ry.

¢) Calculate value of CO from design equation (1) or from Figure 7

Co= o1+

Ry fy

dy Calculate R1 to give the desired tracking bandwidih (See design equation 5).

R, = Ryt

=R °

e} Calculate C1 to set loop damping. (See design equation 4}:
Normally, ¢ = 0.5 is recommended.

1250-¢,
¢ = o
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f) Theinputtothe XR-2211 may sometimes be too sensitive to noise conditions on the input line. Figure 4illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshald level.

Viv minimum (peak) = VeV, = AV = 28mV ofset = Veerza 20,000

= VREF
TR) or RX""' 20, 000(—— )

AV

Vi minimum {peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

Vee

To Phase
F— Destector

Vb

20K

Figure 4. Desensitizing input Stage

g@ Calcutate Data Filter Capacitance, Cr:

o _ (Re+ R)Rp
oM (R, + Re + Ry
_ 0.25 : 1
Cr = (R Baud Rate) Baud rate in <o onds

Note: All values except Ry can be rounded to nearest standard value.

ARV A A EA AL



XR-2211 o xR

20 1.0
N ]
Ru=5KQ
E‘ N, 1%
E 15 NENTIN
E N
=T
: jpad A RN
o NN Ry=
10 - 01 Rp=20K2
: - ~ § T INUNIN
z ol = 10K NN
/./ [t =104 ) N Rom40KR
g S T NCINTN NN
T Rg> 100K N Ro=60r { N |
L L - \
=160KC
0 0.01 LN 1\\\ N
4 6 810 12 14 16 18 20 22 24 100 1000 10000
Supply Voltage, V* (Volts) folHZ)
Figure 5. Typical Supply Current vs. V+ Figure 6. VCO Freguency vs. Timing Resistor
{Loglic Outputs Open Circuited)
1.000 X N T 1
\\ Cp=0.001aF
\\\ N\ N 102 fo = 1kHz 5
N AN g‘ 101].5 Rf = 10Rg !
Cg=0.0033uF Lt I/
ol N f s =y
4 \ \\ CD:U'T“F \\ E 0.99 3:’//
:Ca=01\uF A N N E ‘ g / Curve] Ro
Ny
NN Gom003314F 2 o9 / é 10
A 1 5 3@@3
Cp=0.33F 097
1001" pro o0 4 6 8 10 12 14 16 18 20 2 24
tofH2 V+ (Volts)
Figure 7. VCO Frequency vs. Timing Capacitor Figure 8. Typical fg vs. Power Supply
Characteristics
,? +1.0 T v
2 N
e +05 | // //
&5 / P
E oo = =
50K
g 'RBE/DV | 10K
g 05 ! -
5 PhReve 2 B%,
E 10 | fo= 1kHz
2 s 3 o0 % 50 75 100 125
Temperature ("C})

Figure 9. Typical Center Frequency Drift vs. Temperature




Design Exampie:

1200 Baud FSK demodulator with mark and space frequencies of 1200/2200.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:
Step 7:
Step B:

Step 9:

Calculate fo; from design instructions

(a8 f,= /12002200 =7624

Calculate Rg : Rg =10K with a potentiometer of 10K. (See design instructions (b))

& Ry= 10+ (129-) - 15K

Calculate C from design instructions

_ 1 _
© Co= 155507628 - 39F

Calculate R+ : from design instructions

_ 20000-1624-2 _
@ R = (2200-1200) 51,000

Calculate C : from design instructions

1250-39nF

51000057 _ °onF

() C =

Calculate Ry : Re should be atleast five times R, Rg = 51,0005 = 255 KQ
Calculate Rg : Rp should be at |least five imes R, Rg = 255,000.56 =1.2 MQ
Calculate Rg -

(Re+ R)Ry

Rew = (R-TR v Ry — #0K2
Calculate Cr-
c, 0.25 = 1nF

B (Rsws Baud Rate)

Note: Al values except Ry can be rounded to nearest stendard value,
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Veo
Re
18m 5% Sy
Loop : 7
s Su Ny
ac
Fex Botun
Comp.
Internal
Input )
input, >—0|1|;<%~D—o Reference
‘ 14?< }_(?13 =
> -
8
Quad LDOQ
4 Phase LDOQN
Detect Lock 5

Detect
Comp.

Figure 10. Circult Connection for FSK Decoding of Caller Identification Signals
(Bell 202 Format)

Vee
R
‘\/\E/‘ g RL
Loo 8 5.1k
-« Phas?e 7
Datact fECF
L FSK
i = Comp.
Input VO 10 | Internal
Signal H )_6 i ] U»WFI'E Reference
G.1uF 14 @_”_c? 13 =
ot %
L o LDOQ
Ohuad
a5e » -
tect 3 Lock 5 LDOQN
tact
RD CD mp.
Between 400K and 600K

Figure 11. Extemal Connectors for FSK Demodulation with Carrler
Detect Capabllity
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Loop

| FPhase >—C§
—\N— Detect

- FSK

Comp

2 Intemal
>———H—o ’ Reference
0.1uF
1 4)_( ﬁ 13 Vec
s >
RL2 RL3
51K § 51K
6 LDOG
uad iy i Logic Output
-1 Phase 4 -
Detect ) 5 LDOGN T
Lock
C .
K v
Figure 12. Circuit Connection for Tone Detection
F8K Decoding with Carrier Detect
The lock detect section of XR-2211 can be used as a  frequency approaches the capture bandwidth.

carrier detect option for FSK decoding. The
recommended circuit connection for this application is
shown in Figure 11. The open collector lock detect output,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at “low” state, until there is a carrier within
the detection band of the PLL and the pin 6 output gces
‘high” to enable the data output.

Nots: Data Output is ‘L ow" When No Carriar is Presant.

The minimum value of the lock detect filter capacitance
Cpis inversely proportional to the capture range, +Afc.
This is the range ofincoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. ktis further limited by C4. For most applications, Afc
> Af2. For Rp = 470KK), the approximate minimum value
of C; can be determined by:

18 ~; .
Cp > Tf CinpF and fin Hz.

CinpuF and fin Hz.

With values of Cp that are too small, chatter can be
observed on the lock detact output as an incoming signal

Excessivelylarge values of Cpywill slow theresponsetime
of the lock detect output. For Caller 1.D. applications
choosa Cp = 0.1uF.

Tone Detectlon

Figure 12 shows the generafized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at "high” and “low” |ogic states,
respectively. When a tone is present within the detection
band ofthe PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink SmA of load current.

Both outputs at pins & and 6 are cpen collector type
stages, and require external pull-up resistors R > and
Ri 3, as shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
the external circuit components can be explained as
follows: Ry and Cy set VCO center fraquency; R sets the
detaction bandwidth; C1 sets the low pass-loop fitertime
constant and the loop damping factor.
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Design Instructions:

The circuit of Figure 72can be optimized for any tone detection application by the choi¢e ofthe 5 key circuit components:
Rp R4, Cp, C1 and Cp. For a given input, the tone frequency, f, these parameters are calculated as follows:

(All resistance in Q’s, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Choose value of timing resistor R to be in the range of 10K£€2 to 50K£. This choice is dictated by the max_/min.
current thatthe internal voltage reference can deliver. Therecommended vaiue is R = 20K£). The finalvaiue of Ry
is normally fine-tuned with the series potentiometer, Rx.

b) Calculate value of Cq from design equation (1) or from Figure 7 s = f:

1

Co= Rfe

¢} Calculate R4 to set the bandwidth +Af(See design equation 5):

Ry 2
v - Bk

Notes: The tolal dataction banawidlh covers the frequency renge of lo +Af
d) Calculate value of C, for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.
_1260-C,
¢ = R1'g2
Increasing €1 improves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value ofthe filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470K€, Cp must be:

16 .
cD}Af C in uF

Inereasing Cp slows down the logic output response time.

Design Examples:

Tone detector with a detection band of + 100Hz:

a) Choose value of timing resistor R to be in the range of 10KS1 to 50KR. This choice is dictated by the max./min.
currentthat the intemal voltage reference can deliver. The recommendedvalueis Rg=20 KQ. The final valtie of Rg
is normally fine-tuned with the series potentiometer, Rx.

b) Calculate value of Cp from design equation (1) or from Figure 6 5 = fo:

G = R f. = 20,0007,000  °o°F
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c) Calculate R4 to set the bandwidth +Af(See design eguation 5):

_ Ryfy2 _ 20,0001,0002
Ri= —F = 166 = 400K

Note: The total detection bandwidth covers tha freguency renge af lp A f

d) Calcuiate value of Cy for a given loop damping factor:

8)

Normally, ¢= 0.5 is recommended.

C = 1260-C;, _ 1250-50-104
! Ryg? 400, 000-0.52

= 6.256pF

Increasing C, improves the out-of-band signal rejection, but increases the PLL capture time,

Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470K£), Cp must be:

-
o

18
F 2390 2 80nF

CD=

B

Increasing Cp stows down the iogic output response time.

Fine tune center frequency with 5K potentiometer, Rx.

Vee

Vee

}!’_r?Op -—{1:; b 3 7
— ase g O +
Detect T Cy _>‘§K Demodu leted
= omp Output
Ry 10
Internal
>_‘ 2 b VCO 12 0[O Reference =
s C1WF 14 (E“_(?w Ro L
nput 5
> “ = T LDOG
— Quad =
B — 82359 - LDOQN
tect ook 5
oC
Detect
Comp.

Figure 13. Linear FM Detector Using XR-2211 and an Extemal Op Amp.
(See Section on Design Equation for Component Values.)
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Linear FM Detection

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuit connection for
this application is shown in Figure 13. The demodulated
output is taken from the loop phase detector output (pin
11), through a post-detection filter made up of Rrand Cg,
and an external buffer amplifier. This buffer amplifier is
necessary because of the high impedance output at pin
11. Nomally, a non-inverting unity gain op amp can be
used as & buffer amplifier, as shown in Figure 13.

The FM detector gain, i.e., the output voltage change per
unit of FM deviation can be given as:

— Ry -Vieer

Vour = 00-R,

where VR is theinternal reference voltage (Vrer = Ve 12
- 650mV). For the choice of extemal components R4, Ry,
Co €1 and Cr, see the section on design equations.

A t_ Y, I

1| REF |
I ;2[] Votage G GD
| 1 OUtpul Input

(o]
| _.;; [10 | 2
f ' I 1% 10K
| fa |
l |
l !
REK L@
t + .
7 Tlirtemal voiage T TinpuPreampiter Quadrature Lock Detect
Reference and Limiter Phase Detectar

Loop Phase Detector

Yoltage Cortrolied
Oscillator

FSK Comparator

Figure 14. Equivalent Schematic Diagram
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14 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev 1.00

mm

I— -

Plane | ' A [ R
s e LU

o] I

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100 0200 254 508
Al 0.015  0.060 0.38 1562
B 0014  0.026 0.36 0.56
B1 0045 0065 1.14 1.65
¢ 0.008 0.018 0.20 046
D 0685 0.785 1740 13.94
E1 0250 0310 5.35 787
E 0,300 BSC 762 BSC
8 0100 BSC 254 BSC
L 0125 0200 3148 5.08
o 0° 15° Q° 15°

Note: The control dmension is the inch column

y ___/ / /S L
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14 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)
Rev 1.00
8] ¥
D
R
Seating __A
Plane L

Sl

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX

A 0145 0210 368 533
Ay Q015 0070 033 178
Ay 0115 0195 292 4.95
=) 0014 0.024 036 056
By 0030 0070 076 178
C 0008 0014 020 038
D 0725 0795 1842 2019
E 0300 0325 7 .62 826
= 0240  0.280 6.10 7.1
& 0.100 BSC 254BSC
N 0.300BSC 7.628B5C
e 0310 0430 787 1092
L 0115 0.160 292 4.06
o 0° 15° o° 15°

Nota: The contral dmension is bhea inch colurmn

y __ / J/ / /LS TOM
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14 LEAD SMALL OUTLINE
(150 MIL JEDEC SOIC)

Rev. 1.00

e—————— D —d

ARAAAAE
I
o | |

hHHEHHE ¢

Seating J— j_ A
ST MY

L

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0053 0089 135 1.75
A 0004 0010 0.10 025
B 0013 0020 033 051
C 0007 0010 0.1 025
D 0337 0344 8.55 8715
E 0150 0157 3.80 400
8 0.050 BSC 1.27BSC
H 0228 0244 580 6.20
L 0.016  D.D50D 040 1.27
o 0° 8° 0° 8

Naote: The conlrol dimension is the mifimetar colurmn
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommendthe use of any ofits products in life supportapplications where the failure or
malfunction of the product can reasonably be expected to cause failure ofthe life support system or to significantly
affect its safely or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances lo its satisfaction that: {a) the risk of injury or damage has been minimized, (b) the
user assumes ail such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1995 EXAR Corporation
Datashest June 1897
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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MO0C3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

S0ES025 — OCTOBER 1986 — REVISED OCTOBER 1985
PE——

® 250 V Phototriac Driver Qutput MOC3020 - MOC3023 . . . PACKAGE
Gailium-Arsenide-Diode Infrared Source and (TOPVIEW)
%ﬁ:ﬁ:ﬂgﬁzﬁ)ﬂ Silicon Traic Driver ANODE l:l1 6 [] MAIN TERM

CATHODE [} 2 5[] TRIAC SUBT
UL Recognized ... File Number E65085 NCl s 4[] MAIN TERM
High Isolation ... 7500 V Peak
Output Driver Designed for 220 V ac T Do not connect this terminal
Standard 6-Terminal Plastic DIP NG — No intemal connection
Directly Interchangeable with

Motorola MOC3020, MOC3021, MOC3022,
and MOC3023 logic diagram

® Direct Replacements for:
— TRW Optron OPI3020, OPI13021, g —| -
OPI13022, and OP13023; } —»
—~ General Instrument MCP3020, —»
MCP3021, and MCP3022; 2—

— General Electric GE3020,
GE3021, GE3022, and GE3023

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Input-to-cutput peak voltage, 5 s maximum duration, 60 Hz (see Note 1) .................. ... ... 7.5kV
Input diode reverse vOlage ... ... . e it e e v
Input diode forward current, CoNtiNUOUS ... ... ... .. i it e e e ran e, 50 mA
Output repetitive peak off-state voltage .. ... o i e 400V
Output on-state current, total rms value (60-60 Hz, full sine wave): To=26°C ................... 100 mA
Ta=70°C ... 50 mA
Output driver nonrepetitive peak on-state current (t,, = 10 ms, duty cycle = 10%, see Figure 7) ...... 12A
Continuous power dissipation at (or below) 25°C free-air temperature:
Infrared-emitting diode (see Note 2) ........... . i e 100 mW
Phototriac (See NOte 3) .. ..o e 300 mwW
Total device (SEe NOte d) ... .. i i i i e e 330 mw
Operating junction temperature range, T .. ... e —40°C to 100°C
Storage temperature range, Tstg ... cvov v e ~40°C to 150°C
Lead temperature 1,6 {(1/16 inch) fromcasefor 10seconds ........ ... .. ... viiiiiiniianens. 260°C

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

NOTES: 1. Input-to-output peak voltagae is the internal device dielectric breakdown rating.

2. Derate linearly to 100°C frea-air temperature at the rate of 1.33 mW/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 4 mw/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C.

——
PRODUCTION DATA information is curend as of publication dala. . Copynight © 1995, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas instrumenis ’
durd 1y. Production p ing dosn ot ity inchude
iesting of i parsmeters. EXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7-1



MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

EESO?S— OCTOBER 1986 - REVISED OCTOBER 1995
T

electrical characteristics at 25°C free-air temperature {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IR Static reverse current VR=3V 0.05 100 uA
VF Static farward voltage IE =10 mA 1.2 1.5 v
lipDrRM)  Repetitive off-state current, either direction ViBRM)Y = 400 V, See Note 5 10 100] pA
dv/dt Critical rate of rise of off-state voltage See Figure 1 100 Vius
dw/dt{c) Critical rate of rise of commutaling voltage Ig =15mA, See Figure 1 0.15 Vius
MQC3020 15 a0
IFT ler;;l:rl;iﬁgg{i;::rranl, :ggzgz; Output supply voltage =3 V : :: mA
MOC3023 3
VTM™ Peak on-state voltage, either direction ITpg = 100 mA 1.4 3 Vi
Iy Holding current, either direction 100 HA

NOTE 5. Test voltage must be applied at a rata no higher than 12 V/us.’

PARAMETER MEASUREMENT INFORMATION

Yoo
1 6
—p Vi=30Vrms
—»
2 4 R
10 ki2
Input 2N3904

{see Note A}

NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input at 0 V. The frequency of Vi, is increased until the

phototriac turns on. This frequency is then used to calculate the dvidt according to the formula:

dv/dt = 2 f2niV

The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-V pulses to the input and increasing
the frequency of Vi until the phatotriac stays on {latches) afler the input pulse has ceased. With no further input pulses, the
frequency of Vip, is then gradually decreased unti! the phototriac turns off. The frequency at which turn-off occurs may then be used
to calculate the dv/dt{c) according to the formula shown above.

Figure 1. Critical Rate of Rise Test Circuit

{If TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




Emitting-Dicde Trgger Current {Normalized}

MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025 - OCTOBER 1286 — REVISED OCTOBER 1995
T = e

TYPICAL CHARACTERISTICS

EMITTING-DIODE TRIGGER CURRENT {(NORMALIZED)

vs
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS
14 800 T T
Gutput ty, = B00 s /
| IF=20mA
13 600 f=560 Hx
- Ta =25°C
1 400
=
1.2 @ /
E 200
o
1.1 g ¢
-
]
3 \ § -200
a
| —400
0.9 —E
-600 /
0.8 -800
-5 -25 0 25 50 75 100 -3 -2 -1 0 1 2 3
Ta - Frae-Air Temperatura - °C V1M — Peak On-State Voltage - V
Figure 2 Figure 3
NONREPETITIVE PEAK ON-STATE CURRENT
Vs
PULSE DURATION
p AT TTITIm
. Ta=25C
t
E
5
(]
B
3 2
fg '-.--.._‘..
(o] b
x '---Jh
g T
o "’"I....-
g -
£ 1 ™
2
g
E
]
z
|
=
]
b=
- 0
0.01 01 1 10 100

tyw — Pulse Duration — ms

Figure 4

{" TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7-3



MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOESD25 - OCTOBER 1986 — REVISED OCTOBER 1935

APPLICATIONS INFORMATION

MOC3020, MOC3023 Ry
Rin ] g 1804
Voo My
3T YA 220V, 60 Hz

Figure 5. Resistive Load

MOC3020, MOC3023

Rin s 1802 24k
vce AN
Yy 3 WA | 01> 220 V, 60 Hz
- : 2 4

IgT<15mA

Figure 6. Inductive Load With Sensitive-Gate Triac

MOC3020, MOC3023
Rin . ¢ 1800
Vco AN

1.2 k

:: WA | 020 = 220V, B0 Hz

15 mA < IgT <50 mA

Figure 7. Inductive Load With Nonsensitive-Gate Triac

{'f TEXAS
INSTRUMENTS
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025 - OCTOBER 1986 - REVISED OCTOBER 1995
TR ——

MECHANICAL INFORMATION

Each device consists of a gallium-arsenide infrared-emitting dicde optically coupled to a silicon phototriac
mounted on a B-terminal lead frame encapsulated within an electrically nonconductive plastic compound. The
case can withstand soldering temperature with no deformation and device performance characteristics remain
stable when operated in high-humidity conditions.

9,40 (0.370)
8,38 (0.330) ® @
Index Dot
{see Note B)
¥ q::__ 7,62 (0.300) T.P. ® @ O goenonc)
(see Note A) 1,78 (0.070
61 (0,260 546 (0.215) 180070
208 0241 2ss0fts) %100 =
[y
— Seating Plane Y 3
1,01 (0.040) MIN
03 {0.080
smen e 3 o 5
0,203 {0.008) ’ 4 Places "6 Places
2,54 (0.100) T.P.

(see Note A)

NOTES: A. Leads are within 0,13 (0.005) radius of true position {T.P.) with maximum material condition and unit installed.
B. Pin 1 identified by index dot.
C. Terminal connections:
1. Anoda (part of the infrared-emitting diode)
2. Cathode (part of the infrared-emitting diode)
3. No internal connection
4, Main terminal (part of the phatedransistor)
5, Triac Substrate (DO NOT connect) (part of the phototransistor)
6. Main terminal {pan of the phototransistor}
D. The dimensions given fall within JEDEC MOQ-001 AM dimensions.
E. All linear dimensions are given in millimeters and parenthetically given in inches.

Figure 8. Mechanical Information

{F TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor preducts and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this wamanty. Specific testing of ail parameters of each
davice is not necessarnily performed, except those mandated by government requirements.

Cerain applications using semiconductor products may involve potential risks of death, personal injury, or
savare property or environmental damage ("Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APFLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inciusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a locatl SC sales office.

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

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringemant of patents or services described herein. Nor doas T1 wamant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of T1 covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1995, Texas Instruments Incorporated
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Remote Control Via AC Line

Mr.Bundit Suppaisan

Mr.Paisal Rangubpit

Mr.Armornchai Pinnopklao

Agssist.Prof Prapakorn Suwanna (Advisor)

Academic Year 2005

ABSTRACT

This project is present a system for control or communicate between electrical
appliances, The system comprises two parts: a transmiiter and a receiver. The system is controlled
through a keypad by user. The transmitting part which uses FSK Modulation for transmit the
control signal via AC-Line. The receiver is connected with the electrical appliance. We use
frequency range 2.54-2.84 MHz. Local oscillator was controlled by Microcontroller for select
frequency channel. By used Super Heterodyne principle.

This report consists of Theory, Practice, Technical problems and solves a problem.
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in(1)=K(v () - Vﬂ,)2
Tavh v, Ao usseuldihiiannsoulaloa

v, Ao duvesdyy ufinnnien B-E voaniudamed
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KT -3 F e = =
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V,, 719 u5a9udaI3u(Threshold Voltage) ¥oansudainns au1vh

n
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(cosax)® :icosmf —lcos3wl
4 4
. s 31 1
(sine?)” == ——cos2mt +—cosdai
g8 2 8

(cosan)' = 3 + lcosZaM + lcos doxt
g8 2 8
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2.8.2 Modulator and Demodulator
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=5 - 1 ' A 2] -
(Modulating Signal) sfianud @ TinaneiluanudInisougadumin(carrier) dalinnud
o 2 = wa A s A e
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14 ' R
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W v () duadumd
v.()=V,sin@s+d) (2.20)
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v, (1) = Vop sime 0 (2.21)
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1 v » td
Dywevasnaunldsundasmuvuavesdyguuegiads Sonvuiumsin
Amplitude Modulation{AM)
) 1 »
Hyuvesnaunnlasunlasmuviausa v, () SunvuIunIsiii Angular Modulation 3
YDIRAUNITUTENDUAWWIIANLA( 0 Juazi AT uAY( ¢ ) Angular modulation ¥aT) 2 )iy
-
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= 4 7 pd ar ) 4“ v
2.DANYdTenaUN L Reuasmusnavesdygn v, Sonvuiumsia
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1 1 ¥ »
2.0mmsuduvesndaunldoumnlasauvinavea v, Sunvuiunisiiin Phase

Modulation{PM)
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TUMIAAU Modulated AM fla
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sin{—a#) = —sinax

cos(—eH) = cosan
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/4 — .
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3. Quadrature Detector



» ¥
NeRIEmIUUIzad e zAuusssuemyn I v autua b

2811009 2 Wiausn

T » ]
103U 2.11 luaauvenaesvuiu RLe  sudidaualsid

23

9
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SIC,
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MugaszgnirfadanlWiBssuessosuaaaegalit 3.28 () uasth o, =0 szuniezesndam
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Hrevasszinulunuveaansmunmdyginizaeg  anases1uenldiuudvauaziie
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] Voltage-Controlled v
i I— auf
Oscillator

-

" cont
4 v

3109 3.29 gueniiaveaaes e Faame s LLUAILGUA LG ous 9L Tr
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nngilee1dn

@, =0y + KooV o (3.34)

o

Tnt @, flomwiiio V__ = 0 uaz K., A06ns1M5vnev0a19siniietly radsv

coent
HAT @, — @, 13001 “6IUNMTIU” (tuning range)
W'I'iTﬁlﬂﬂ{ﬁﬁ'Wﬁmu‘\JEN’Nil'i VCO : Voltage Control Oscillator
- 4 = « El o &
Center Frequency Aon1ufininanuesnnsosadiamasiveagnli 3.29 dnmldon
o - ¥ v R 1 ) ' o =
maiueeasiawes i idaulumniug - Mldouludnnutm lniiegiunasduea

A '
VCO 1n1uDNIna 1IN 10 GHz

LI}
= = =y

' s &
Tuning Range Asdmanuan vco awisnosagaanldvindigadigageis

Tuning Range 9ziilufmua K, , Aaulag
@, — @,
v, -,

Tuning Linearlity Annudunusiznusisudunniazanuiiomiyniinuuy

Koo = (3.35)

- o v 3 ey ] - o ] i
dhufudunionio K., danadi Sguauiidves veo hithugaduife K, lineiaa
[l a (Y] = ] o LTI | A =] 1
anulidhuFaduves veo selivadenginssulumsidignnzasiveanadengdanulu

iWhadaduues Vo uameragil 3.30



57

a)ou! "
0,
.
> V
cont
v v,

317 3.30 guauiFaees veo ATy

Output Amplltudeﬁawmusaﬁ'um1ﬁvgmmﬂﬂtﬁammaféaﬁuagjﬁumﬁﬂmﬂa
VCO nazioinaved veo azuilsiulasasaduimdegapde uazdmiuosadamnoiiun
PHAVUIAYD I TIAUD WAL AU L IUMIS U

Power Dissipation fiofds IW#hises 13 weauegiuamumTenanid Tavase

Supply and Common-Mode Rejection innnuaunsolumsiidadamiusuniu
‘uanwsaaﬁﬁmaw’fiqmmﬁ'ﬂmn"lﬂt’aruwmuniﬂ?aunfhﬁ"uq Tag1a9s00adaans
aansaiidadyginiuniulddeceglugdvemavsavimesiswdon (Differrential Oscillator)

Output Signal Purity 101018 §N¥93 VCO 'ﬁaﬂnmﬁ’fmlf]u;ﬂﬂﬁ‘uﬁﬁnmmﬂﬁﬁ

3
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- o - s = aa
ﬂmme?ﬂﬂQUIUﬂQ%WﬂQﬂﬂiﬂ.l‘H'iElulﬂlﬂﬂwﬁ‘l'l'iTNlﬂﬂi‘nUﬂﬂﬂGWﬁﬂﬁg‘Hﬂuﬂﬂ Jitter 1O

phase noise

2107 IARVITUINIS RNV 1T DD TFAAIADS LU TIUUIAIA LU0 9792592
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YungivAminie T, ¥o4299s5usaznInTas £, voa N 110 Ring Oscillator 111 (2NT )" 9
o4 3 w1 o 3 o (-t - & ar [ 3
Wi ensodiumanudvesses lavinmsdfumdimdnde T, FamsUsverein1d
st o " 3 -~ o
wawisrunnlsumanudununiemsdsunseualuiaes
ar 1 i o Q- r i o r L ql &
Me01n s IdvdnnsdSuannudmiudetSud T, 2avsuaaadagali 3.30 ¥4
=1 & =) 1 A& } Y r o ] ’ o []
HAMAUABINTINIAISISON D delay cell iWodpanIsiuiusoadGianmeiMiwdazisadune

Aupd BT ILNIA
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MsgeniuIIIsBRT RIS LLAILRNA It IAuTigaY e iy Ao a1nTo

Ufunnud ldd s siuiun1e(Wide Tuning Rang) uazmiaiwesdnmaniynlags

(Fast Voltage Swing)
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unil 4

MIBBNUL LA HANITNADDY

4.1 NYAZIBIAM IATHIN

4.1.1 mIeenuvuaIuvedlodiues TA7358

13w L,Ccuuu

[TA7358]
" o [MIXER ]
RS =g
Ry=25%k ]
C, = 2pF
) 7
N .

—

£, =2.54MHz - 2.84MHz
Fo=dFon  fom = 2.686 MHz

fHuan

N

L=47uH
!
@’ = =2
Lc, 7
1 1
Lo’ 47x107 x (27 x 2.686 x10°)>

C=C, -2pF =727pF

=14.7TpF

T

Q,=w,R.C,
0, =27 x2.686x 10°)x (25 x 107 ) x (74.7 x1072)

0, =31.157



60

@
BW = E”— =535.48%kHz

P
v

nawnmdsuuaaees Invaeaurulsusundszasdudr 18 wazo Tni) &8

C =21pF
0, = (27 x2.686x10°)x (25x10°)x (74.7x107?)
0, =31.157

9 [

A C vz I Idsedudyga sulddind 4 qageh o, = 2.686MHz

[
BW =— =148MH:

P

4.1.2 prvooniuuaduvedlodiued MC3361

Quadrature Detector

IF
AMP

910057 2.9 wanl O = 20 WesnnlinnuilwSudunasmnaufigaudnaiu
= 4 A o o =4 s
(ngradnilszminiineatusumziieslofiues NE/SAG14A)

A datasheet ¥4 Tod 1wes MC 3361 178014 R=20 kQ,Q-20,0, = 27 x 455kHz

o 1
1N £ =
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0, 20
" @R (27x455x10°)(20x10%)
C, =349.79 pF

tileeandl € = 60 pF AlSuA11a daiuee 1da1 ¢ Mhwdsvuuiian
C = 349.79pF — (60/2)pF
C~320pF  1denld 330 pF

4.13 mmnnuuuﬁm‘uﬂnam LPF
Ao & o 5 o o o A o a
1ﬂﬁliﬂiﬂ~1ﬂ']'ll.|ﬂﬂ'lﬁ'l"r‘liﬂﬂ’l'i1‘]1\3']ulﬂﬁﬁﬂﬂfjﬂlﬂu"]~miﬁ‘i!ﬂi?ﬁﬂﬂ']'luﬂﬁ‘lﬂiﬂ')\m'i
dda

[ o :;d'd ¥ ci 5] 1 c:. J A '] 94 :: o o
MUNTITVANNONUARNUDFINIZUNTIAD CAWVYU FISHIHUINMIAAINDNUM

¥ ] 1 r ¥ v
w131 7, mnagnellTasia Taz1dei 7, x 107 LpF moldiSeuludl sziiunisfide

F,, oulugaanmad 13.24 - 13.84 MHz
F, =10kHz: Fy_,, =10.24 MHz, + R = 1024
N ovie = 1324-1384
Nogaw NNy * Ny = 1354
PD Type : PFD (3 state PFD)
PDoutput: AV, ., =45V
K, =AV, /4% =0358 V/Rad
Frcomn ~ 12,954 MHz fusaduov

Frcoms ®13.911 MHz L5391 5 V

K, ® 270N o ~1203 MRad / Sec

V(o

A, at PD = 2n(£’l”£ - F,,) =2.847 kRad/Sec
MIN

Aw,,y atPD <Aw, atPD < 27F

Let Aw,, ~ 3 kRad/Sec

Let Damping : & = 1.14

o, = Ao, (11.55(6 +0.5)) = 158.378 Rad/Sec, § =1.14

AONIUUAW199) 103713 2ivD92995 LPF
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3k
[ From PD F\/\H, ’ ’ To VCO -
R1
C2 R2
100nF 7.5k
C1
1uF
~ _ MRad / Sec
Kd ~ 0358 V/Rad : Kvco~ 1.203 — Cordition 5
-1 s .
K = Kd*Kveo = 430.674 k Sec Minimize Noise BW 0.5
Fref = 10 kHz = 62.832 kRad/Sec Minimize Pullin Time 0.707
N, = 1384 N, =1324 Maximize Sweep Rate 0.7-1.0
ﬁr =N, Ny =1354 Maximize Pull Out 0.81
Minimize flicker-jitter 1.14
Awy,

= [58,378 Rad/Sec: & = 1.14

W, ~
(11.55(5 +0.5))

GJFZ >> @,
F(s) = Dp@py S+,
®, (8+@,)S+w,,)
1 1
WD) = =
,+7, C/(R +R,)
1 1
w, =— =
7, GR
@,, = 1 i R, =R1/R2
P2 Rmpzcg * “lupd
K
Tt T, == =127mSec
Twn
26 N,
, = — - =X = 11.3mSec
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7, =(r,+7,)- 7, =1.43 mSec

@onld C, = 1pF

(3]

R = =302kQ Let R, =1.5kQ

1

r
R,= =%+ =724kQ Let R, = 12kQ

1

1
@, = —————— =987.75 Rad/Sec : 7, = 11.3 mSec
C(R +R)
10
— 2 @, 201w, Let m,, = 4 kRad/Sec
L2}

|
R .=R/R =13kQ:¢, =———=188nF
ap? 1/ Y 2 (wszmpz)

1wonly C, = 180 nF

»

vz ldmigunsaiasil
R - 15kQ,R, - 12kQ
C, = 1 yF,C, = 180 nF

4.1.4 NI9BNUULTIUYBINTT VCO

WIS IABT VBT UFAD31UB3 MPSH 10 Ao

B =60
Cp=Cy, =c, =1042pF F, =650MHz
VCC 3V
f A
> 6.8k 560
—l MPSH 10
G = €250
100n i §12k T P 1
S = B Cy
7] R 100pF
3.5k c,
= 279pF
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inludavoamsmTnes Taels R, R,, R, o'ld
Ry, = 4.34kQ
Ve =1.915F
B |- b 60(1915 |07 )
C R, +(B+DR, 434k +(61)3.9%

_(26X107)8  (26X107)60
Iy 0.3X107

=0.300mA

rb’e

5.2kQ)

AUITIMY AC 92 1A

OL Cg£100pF
== e *_J:
‘4{\ s~ 270pF = L 2

Che .
Oy 50pF

=2.825pF

Em

T

Cb'e=

2 1

W ° -
[C, +C,. +(100pF 11270 pF) IKC,, +50pF))]L

Amuali L=1 4H, C, =50 pF,C, = 100 pF, = C, =270 pF
w,,, NA0N15AD 2 7 x 13MHz = 81.68 MRad/Sec
@, NABINSAD 27 x13,7MHz = 86.08 MRad/Sec

wim C, w0 o,
1
C_rmin = 62 6
(81.68x107)°(1x10")

~(1.042x1072) = (30 x10™?) = 118.846 pF
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1
C.rmn.x =
(86.08x10°)*(1x10%)

. L
A1 C, Avnunm Tafugnuialddagl

—(1.042x107%) = (30x107*y = 103.915 pF

AUBI MV 2111 i C,. ~45.16pF 145V
C._ ~9499pF 05V

wonld C, =100pF

ﬁ'wmaz"lﬁ C, =103.915pF - (100 pF //94.99 pF) ~ (15 pF I/ 50 pF))
C, =43.659pF

flw,, 9514 C, = 118.846 pF — (100 pF // 45.16 pF) ~ (15 pF 1/50 pF’)
C, =76.195pF
C , oy Iy 291510 43.695pF - 76.195pF

42 HAMINANDY
42.1 amve4 veo Taonsflounseduriu R 47 kQ Hnoagiu Mv2111 Tawamu

i £ o o i
M50 4.1 Faasowdeans i 1deazai 4.1

V{v) fout (MH;) V{v) four (MH;)
0 12.854 2.6 13.641
0.2 13.054 28 13.674
0.4 13.116 3 13.708
0.6 13.213 3.2 13.741
0.8 13.262 34 13.771
1 13.312 3.6 13.799
1.2 13.361 3.8 13.817
1.4 13.421 4 13.832
1.6 13.471 4.2 13.852
1.8 13.511 4.4 13.868
2 13.545 46 13.881
22 13.578 4.8 13.894
2.4 13.608 5 13.811

AN 4.1 naasmsalasunlasvesn nubievignidensadus uyanlfowunlag



66

AL ST NS S 2RI
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Chi[_100mv ™ M[40.0ns] Al Ch1 /7 16.0mV
REWE | 20.0dB 5.00MHZi¥[10.00 % |

Te

1A: 40.8 dB
J@: -25.6dB

Ch?1 Freg
10.70MHe

Ch1 Pk—Pk
188mv

18 Sep 2005
18:45:52

- o e A
11/ 4.3 raedyIunwdnalulionu CERAMIC FILTER 10.7MHz

K Stop | f—
YA A T A 36.8dB
1 : : ' @: -19.6 dB
«
Ch1 Freg
""" 460.6kHz
"""" ch1 Pk-Pk
340my
~MI1.00us] Al Ch1 7 16.0mV
18 Sep 2005
MR [ 20.0dB 1.25MHZ2[10.00 % | 18:56:03

JUN 4.4 vrasdygiuaudnatuler u CERAMIC FILTER 455kHz
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davduen +N f out (MHz)
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