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' Abstract
A synthesizer generator is a function generator which the generated frequency can

be programmed by digital data, result in more convenience and more accuracy than
those of a R-C function generator.  The project is a design and construction of a phase
lock loop synthesizer. The vco is MAX038, a single chip function generator. The frequencies

' range from 10 Hz to 10MHz is obtain with a maximum output of 20 Vpp.
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sumu 10 Alalavin aiflu R, uazn1snaiazas v, 270 20 fadlan e 7.5 Taar
ynlilAndasinsidsuuatanaifiaann(375:1)madanar,, axfinasamsinem
Aovzvilinszug 1, Waswudaoludas 2 lulasusad) & 750 Talasuanduunsing
284 1, WAuAnMAzEnediazdiamsnanglandyanuidaaad 2 wnadin Ao
I, dsfiiznafinndeannssudnunaeanenate 9 s dolunsdit AMAALDYiWN
wuilaftusmanauangesnisildewulasdwasanniduaunidn v, Sealndidee o
hanl Amae 1, szflomamdisdusauseduaasidanas 1, Anafiawiynazgnasirs
1% nAgaTeluam 10 Jwad nasendndee i
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ANl TiynaansanezgnNaRgIansie FAD) deiAnndAndmiunisuiy
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ian1sruRnANg Belnazldeeanaiangy
AINTIUgIUnIaRINDEwENa1e (Center Frequency: Fo) azgnAauAwlag I,
d v § v a1 o 1 o 1 o &
uaranzgnildsulasnisuiulizn FAD) HAwseaumnnit 0 Taavi Adusesudl
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dnsalReundaslaseninge -2.4l2av1 89 +2.4av AMNdEYIYNEINIse
WREUIN0.317 audle 1.711 \fo21 FADJ 1w 0 Taavi (Fo £70%) Ausesnas

-3 T o P a a L d d 1:;

ifin £2.4 bl villilsitAansiatiosnm niadwnglimuiuaswdiu reverse siope
' o d d o v - d 0 Y o« -
AWsIAuNn FADS Tilwaiynu@evain Fo Tae Dx  (Amwaldiduwesifus
Yamsamlsanngss

Vi, = -0.0343 * Dx (2.5)
i o o ] i
Tae : V,y, AAusesiufion FADS Tefidnssning -2.4 8o +2.4
d o 1 o 1 d & kd & & T ]
aouztl 1, UudndmduaAamadgudnats (Fo) A1 FADS azfiAaduwusadag

Y - - d Y v 1 - ar i
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NORMALIZED QUTPUT FREQUENCY
vs. FADJ YOLTAGE
2.0
N 1
1.8 lin = 1GOyA, COSC = 1CGOpF —
1.6 ’

14 \\ l
1.2 N\ l

1:0 \!
0.8 '\ l

MAS Y Qv

[ our NORMALIZED

|
™

N\

0.6
0.4

0.2

- HHA

-1 Q 2 3
Veeny (V)

o o e o ' ' e o s -~ w d
Eﬂ'ﬂ 2.4 ﬂiqwLkﬁﬂ\lﬂ'ﬂNﬁNW%ﬁi:'ﬁ']"l\‘lﬂ']%aﬂﬂﬁlﬁ'ﬁﬂ')'\“ﬂkﬂ?ﬂ?jﬂﬂuuiﬂﬂ%ﬂﬂ'\ FADJ

AusIe Uiz FADJ dmumaadla 9 fvualae
V.o, = (Fo ~FX) 7 (0.2915 * Fo) (2.6)
i
Fx = AR A YN
Fo = ANABE V., = O laati
lunsdimuiian
Vi = 3.34 * (tx —t0) / tx (2.7)
8
X = ATULIRUBIYIHN
to = AULIATARE V., = O lhani
(1A VFADS AnAmsdanansamlsann

F=Fo*[1 - (0.2915 * VFADJ)] (2.8)
Tuasdiauiaan
tx = to / [1 - (0.2915 * VFADJ)] (2.9)

2.3.4 PROGRAMMING  FADJ
flzn FADJ azfinszud 250 Tnlasuend mefilnaluss v- soiuflenil exdoemu
Aulneld undssnousein  dddwnsldomazdesmuuiuAla(R) sswiven ReF
(+2.5 V) fuzn FADJ \imieemnad eaun  s1@ansamasas s (R) oV
lng
Re = (Vagr = Verpy) 7 250 UA (2.10)
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i - fanadesnmwnisgungRazitu

- anufisasdanesaniadmin 2 i1 d1 FAD) laivhem (um off) nsdl
wuuiasfurasmuannis (2.1) - (2.4) uaz (2.6 ) - (2.9) feuuazann1si
(2.12) , (2.14) Fuswiifo Fo 1N 2 1 w3a to anaeRdmile BawdiEnnsitasrh
Ilianuntiewiynduewudrnaigepesld  swnsadlfinne FaDseeliivn
mmudienadimemdeiusdwiuay and -3.5 lavi memldmudanes
melulefifianisduma  exvilinsdsuuasanuiuazannioflnia
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12 SEiedl
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; CF sl zl‘ 9 ul 131

o o Qa a c d a n"
Eﬂﬂ 2.5 LLﬂﬂ\'!ﬂ']in'N'!%ﬂﬂ\‘l'J\‘lﬂ‘iNﬂﬁljﬂﬂﬂ%ﬁﬁﬂ% ‘/lﬂ']ﬂ']?l'lﬁlﬂﬂ 50%

2.3.6 N1TN19T1UYBY Swept Frequency
m'lNﬁtaﬂﬁwnmminﬁ']m‘smm (swept) lalasnsvinugsenszud |, uas
FADJ Sysynd 1, sxfldamausussmniuaznamlanitonda fszdndmegaingiis
uazundsinenszuafiReazsoognia  FAD) exlddmiuntsnmatiiesnin £70% 9n
* ANAnaNLszInINzdmIUIesNE R e Agy fAmadasuuduafinmagnioousin
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ANNIASAUNSTII6
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2.3.7 fadlmia (Duty Cycle)

UOAUAT  DADJ az‘lifﬁ'm%'umuquéwﬁaﬁ"lmﬁauaajﬂnﬁ'u (Aulasidnsiass
nafewiynduuin) Taeundfl v = 0 Taart Aiddlaifaszuindy 50 % wiew
wasAuseauludae +2.3 havite —2.3 lavl asaansovinnstiuanfas ladaldaous
15 % i1 85 % Uszn -15 % malian Awssiwwanindieaint 2.3 ladl asviils
Lwauammﬁwmﬂﬁ'aﬂﬂmnu?m

pADS  @nnsaldlunisasnauainaiieutaiguaiugnes fimainledia 50 %
. (Vo= 0) inAnzdsnuulunnGs 50 % iawinuazeaiuailudin

Ausesudi paps Fialuldluntsuiudaianlzaia mildaan
Vouos = ( 50 %-dc )( 0.0575 ) (2.11)

Voo = (0.5 = [ ton /t0] ( 5.75 ) (2.12)

f las v, = AuseAwA21 DAD)

dc = AwtafiBudisladia

ton = duIaFTwuIn
| to = AWM
! B3N V 40, WIENISEMARIE R A auaz 01387 ton 167N
: dc =50 % (Vg )(17.4) (2.13)
: ton =to [ 0.5- ( Vp, )* 0.174) ] (2.14)
k

. DUTY CYCLE vs. DADJ VOLTAGE
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]
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= 4V /250 LA
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vs. DADJ VOLTAGE
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Fynamnmeueniiazgnesagive PDI( Phase Detector Input ) Uasdtueue
lamiyngeanafinAraazAasann1em PDO(Phase Detector Output) PDOMEIM
\@1YiMEasnn EX-OR the1 PDI gRseaensms  fim PDO axfidanmisud
wignaana  Tasundudazn PDO 9:0NFARAENUA FAD) HIWNNAIT NN RPD WA
feAaLiuUszy CPD awnsmas RPD  anlufrimussdamnisensssaafinmnes
naaiziisafiudszy cpd andusiaanawannige usnfudmnsielumsimun pole
1IgUnaIRas

il Ty iynees MAX038 (fo) Audmgmfizn PDI At
wairiu 90° vinlWdygroaueviyniion Poo Iunszuawaddmassiianisdon
wlavragsznine o fu 500 Tnlasuent wazfidfiaflaia 50 % Adqile

finasidlng 100% iladygrasanais 180° viafnansaiuiuiu uas

! o

AmdlnAsasilng 0% deduanasamaiwitlng 0° viaSwnats m

as

ARSI IBIDANARNALABI(KD) drwnsamlaenn
Ky, = 0.318 * R, (v/radian) (2.16)

e R, = Anuswmuildluasusudnsssneseanafinanes

-5V v

e
1 IVF
It o
!LIUF
- iaftsf17jzo[a] ¥
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L REF <
% PO r———l— CACy it
L= 19, acur
. 8 N IWH 19 50,4
e MAX038 —ﬂw—%—i
a0 L. cuTPUT
A 13
= csse 20
=2 cF > 3oc 12
= T IND NS ONCUNS SHOSNG ——]
T T A EHEEIEIE
L
SXTERNAL =
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WagUagluanmizden  dygradusnidndudafinanaiesiiiadssinn

90° fifdilaiiia 50 % uasnszuaiaded p, 10w 250 Tulasuand ( nszud Sink 289
FADJ ) nasuditgnutesswineg FADJ sz R, nszud 250 lalasuanddmingazdamly
fa FAD) uazfidmawdniaefitiuangs R, (Dunarinly v, ifindu

fatuidu  fefAnusarazesdygainin miaRlada p, fosfal
Anssadefesfinty  uasiliusedusnasen RPD(uaz VFADS) SiAufiuuinifisgu
Tunenaunufiazanaaudifl 0sC. a1 anmwENdanRashwnaanly

A1 RPD g97 92/IWRAT VFAD) sndmiunamiannmand luntenauiua
loop gain ﬁ%zﬁﬁ%jﬁaﬁ’ﬂﬁﬁ’] Capture Range fAvae ASEUEINN PDO  QTAae
#1§eUszqlvifiu cPD Feiudnsnsiufeuulacas VFADS ( loop bandwidth ) axiiiu
Ufmandunuan CPD

phase emor (defidgaunluandreii Gan)duagiud Open loop gain 284 PLL
uazn1sii sotuwand S udurasaasdaiainasandugianiewen Adasaeneees
ssadalameinilaain

Ko = Ao - Av,,, (2.17)
IINENNT (6)

Ko = 3.43 * o (radians/sec) (2.18)

DATI2E18AITEUY PLL (KV) Ao
Kv=HK,x K, (2.19)
(i
Kv = 8R5IN1T2818eaensaasdatan
K, = 885588 eAmALaas

o < L5 & o & 8
\agUaimasiimsmauauaain F (s) AIWH transfer function 2tz open loop t (s) e
T(s) = Kyx K, xF(s) (2.20)

o o s o o e w &
LH8 H (s) WHANENURNTS transfer 762 close loop AHITMEERATIHANARS IATn
H(s) = T(s)/[1+T(s)] (2.21)

-3 i J ar L)
M3fiA Transfer WATNSRBUAKBIAMAAZEY PLL azauagiuRuaaRzaims
Hawmns F(s) uazilalaild Phase Detector nelugns MAX038 udaAIssam P, uaz P
50 AINTIIA
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Frequency | Voltage
(Hz) (v)
100 0.176
110 0.196
120 0.206
130 0.232
140 0.248
150 0.263
160 0.274
170 0.300
180 0.322
190 0.342
200 0.366
210 0.371
220 0.387
230 0.404
240 0.423
250 0.440
260 0.459
270 0.478
280 0.493
290 0.514
300 0.531
310 0.552
320 0.570
330 0.589
340 0.606
350 0.631
360 0.651
370 0.666
380 0.686
390 0.704

Frequency | Voltage
(Hz) v)
400 0.720
410 0.740
420 0.759
430 0.778
440 0.792
450 0.807
460 0.831
470 0.851
480 0.869
490 0.891
500 0.907
510 0.920
520 0.941
530 0.961
540 0.977
550 0.999
560 1.015
570 1.034
580 1.062
580 1.069
600 1.088
610 1.103
620 1.122
630 1.148
640 1.163
650 1.183
660 1.201
670 1.215
680 1.233
690 1.257

Frequency | Voltage
(Hz) (v)
700 1.270
710 1.292
720 1.312
730 1.328
740 1.355
750 1.368
760 1.396
770 1.415
780 1.433
790 1.451
800 1.468
810 1.489
820 1.508
830 1.521
840 1.541
850 1.556
860 1.586
870 1.600
880 1.620
890 1.644
200 1.664
910 1.687
920 1.695
830 1.715
940 1.741
950 1.766
960 1.783
270 1.796
980 1.808
990 1.836
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Frequency | Voitage
(KHz) )
1.0 0.185
1.1 0.204
1.2 0.223
1.3 0.242
1.4 0.261
1.5 0.278
1.6 0.299
1.7 0.320
1.8 0.336
1.9 0.357
2.0 0.377
2.1 0.393
2.2 0.412
2. 0.431
2.4 0.450
25 0.468
2.6 0.490
2.7 0.508
2.8 0.527
2.9 0.548
3.0 0.565
3.1 0.586
3.2 0.605
3.3 0.627
3.4 0.645
3.5 0.665
3.6 0.683
3.7 0.705
.8 0.726
3.9 0.742

Frequency | Voitage
(KHz) V)
4.0 0.765
4.1 0.778
4.2 0.801
4.3 0.821
4.4 0.847
4.5 0.858
4.6 0.877
4.7 0.899
4.8 0.910
4.9 0.938
5.0 0.958
5.1 0.972
g.2 0.994
3 12001
5.4 1.033
SN) 1.055
5.6 1.074
B 1.094
5.8 1.113
5.9 1.127
6.0 1.151
6.1 1.167
6.2 1.191
6.3 1.215
6.4 1.229
6.5 1.251
6.6 1.275
6.7 1.296
6.8 1.313
6.9 1.333

Frequency | Voitage
(KHz) v)
7.0 1.356
7.1 1.372
7.2 1.399
7.3 1.413
7.4 1.425
7.5 1.456
7.6 1.474
7.7 1.491
7.8 1.510
7.9 1.529
8.0 1.553
8.1 1.574
8.2 1.594
8.3 1.618
8.4 1.629
8.5 1.658
8.6 1.678
8.7 1.692
8.8 1.713
8.9 1.739
9.0 1.757
9.1 1.776
9.2 1.792
9.3 1.816
9.4 1.836
9.5 1.861
9.6 1.884
9.7 1.894
9.8 1.800
9.9 1.928
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Frequency | Voitage
(w2) | W)
10 0.216
11 0.237
12 0.258
13 0.280
14 0.305
15 0.327
1 0.348
17 0.370
18 0.392
19 0.411
20 0.437
21 0.458
22 0.479
23 0.502
24 0.524
25 0.546
26 0.568
27 .591
28 0.620
29 0.639
30 0.656
31 0.685
32 0.703
32 0.731
34 0.751
35 0.770
36 0.793
37 0.817
38 0.847
39 0.870

Frequency | Voitage
(KHz) V)
40 0.889
41 0.909
42 0.930
43 0.956
44 0.978
45 1.000
46 1.022
47 1.051
48 1.066
49 1.093
50 1.119
51 19 85
52 1.156
53 1.177
54 1.204
55 1.225
56 1.245
97 1.269
58 1.292
59 1:.33.2
60 1.338
61 1.359
62 1.383
63 1.408
64 1.435
65 1.459
66 1.480
67 1.502
68 1.525
69 1.550

Frequency | Voitage
(KHz) v)
70 1.574
71 1.601
72 1.618
73 1.648
74 1.671
75 1.686
76 1.716
77 1.742
78 1.762
79 1.788
80 1.812
81 1.843
82 1.860
83 1.881
84 1.907
85 1.829
86 1.955
87 1.871
88 2.000
89 2.030
90 2.040
91 2.080
92 2.090
93 2.120
94 2.140
95 2.160
96 2.200
97 2.220
98 2.240
929 2.280
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Frequency | Volitage
(i) | )
100 0.182
110 0.200
120 0.219
130 0.238
140 0.255
150 0.274
160 0.293
170 0.311
180 0.329
190 0.349
200 0.367
210 0.386
220 0.406
230 0.425
240 0.444
250 0.460
260 0.480
270 0.501
280 0.518
290 0.538
300 0.557
310 0.576
320 0.595
330 0.615
340 0.632
350 0.651
360 0.672
370 0.691
380 0.710
390 0.731

Frequency( | Voitage
KHz) (v)
400 0.747
410 0.767
420 0.789
430 0.808
440 0.823
450 0.847
460 0.862
470 0.889
480 0.900
490 0.923
500 0.944
510 0.951
520 0.965
530 0.981
540 0.996
550 1.018
560 1.038
570 1.058
580 1.074
590 1.089
600 1.112
610 1.130
620 1.148
630 1.173
640 1.188
650 1.208
660 1.228
670 1.240
680 1.259
690 1.281

Frequency | Voitage
(KHz) )
700 1.301
710 1.319
720 1.334
730 1.355
740 1.373
750 1.396
760 1.416
770 1.436
780 1.453
790 1.471
800 1.489
810 1.505
820 1.529
830 1.554
840 1.558
850 1.580
860 1.606
870 1.618
880 1.637
890 1.657
900 1.673
910 1.698
920 1.702
930 1.731
940 1.751
950 1.774
960 1.791
970 1.800
980 1.827
990 1.847
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19-0266; Rev 0; £/94

High-Frequency Waveform Generator

General Description

The MAX038 is a high-frequancy, precision function
generator producing accurate, high-frequency triangle,
sawtooth, sine, square, and pulse waveforms with a
minimum of external components. The output frequency

can be controlled over a frequency range of 0.1Hz to -

20MHz by an internal 2.5V bandgap voltage
reference and an external resistor and capacitor. The
duty cycle can be varied over a wide range by applying
a £2.3V control signal, facilitating pulse-width modula-
tion and the generation of sawtooth wavefarms.
Frequency modulation and frequency sweeping are
achieved in the same way. The duty cycle and
frequency controls are independent.

Sine, square, or triangle waveforms can be selected at
the output by setting the appropriate code at two
TTL-compatible select pins. The output signal for all
wavefcrms is a 2Vp-p signal that is symmetrical around
ground. The low-impedance output can drive up
to £20maA.

The TTL-compatible SYNC output from the internal
cscillator maintains a 50% duty cycle—regardless of
the duty cycle of the other waveforms—to synchronize
other devices in the system. The internal oscillator can
be synchronized to an external TTL clock connected
to PDI.

Applications
Precision Function Generators
Voltage-Contrciied Oscillators

Frequency Modulators

Pulse-Width Modulators

Phase-Locked Loops

Frequency Synthesizer

FSK Generator—Sine and Square Waves

=

SAAXLMN ;

¢
¢

> > > > »

0.1Hz to 20MHz Operating Frequency Range

Triangle, Sawtooth, Sine, Square, and Pulse
Waveforms

Independent Frequency and Duty-Cycle
Adjustments

350 to 1 Frequency Sweep Range
15% to 85% \}ariable Duty Cycle
Low-Impedance Output Buffer: 0.1Q
Low-Distortion Sine Wave: 0.75%
Low 200ppm/°C Temperature Drift

Features

Ordering Information

—

PART TEMP. RANGE PIN-PACKAGE |
MAX038CPP 0°C to +70°C 20 Plastic DIP i
MAX038CWP 0°C to +70°C 20 Wids SO
MAXQ38C/D. 0°C to +70°C Dice*, -

MAX038EPP -40°C to +85°C 20 Plastic OIP
MAXO3BEWP -40°C t0 +85°C 20 Wide SO

Contact factory for dice specifications.

Pin Configuration

TOP VIEW C
ReF 1] o] V-
GND 2] 19 our
0031 anaama fEl 66

At E MAX038 17| Ve

cosc 5| 6] OV+

680 5} 5] 0GNO
0ADI[7] 4] syne
FADJ E Tj POI
GND E 12] P00
ihm 1] ano
DIP/SO

7

Maxim Integrated Products

Call toil free 1-800-998-3800 for free samples or literature.
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MAX038

High-Frequency Waveform Generator

ABSOLUTE MAXIMUM RATINGS
V+ 10 GND
CV+ to DGND.

...-0.3V to +6V Continuous Power Dissipation (Ta = +70°C)
...-0.3V to +6V Plastic DIP (derate 11.11mW/°C above +70°C) ..........889mW

Vo0 GND e +0.3V to -6V .80 (derate 10.00mW/°C above +70°C)...........
~in Voltages . CERDIP (derate 11.11mW/°C above +70°C)
1N, FADJ, DADJ, PDO ... 0.3V)to (V+ + 0.3V) Operating Temperature Ranges:
COBC sivmemismumnest ittt mmmsnssmeenosessssssonsserssersssss +0.3Vto V- MAX038C__.... C to +70°C

A0, A1, PDI, SYNC, REF..

0.3V to V+ MAXO38E__ .......

GND to DGND ................ ..x0.3V Maximum Junction Temperature
Maximum Current into Any Pin........oco.oe.... £50mA Storage Temperature Range..........
OUT, REF Shont-Circuit Duration to GND, V+, V- ............... 30sec Lead Temperature (soldering, 10sec

-40°C to +85°C

Stesses beyond these listsd under “Absalute Maximum Ratings" may cause permanent damage to the devica. Thess are stress ratings only, and functional
coerancn of the device at these or any other conditions beyond these indicated in the opsrational sections cf the specrications is not implied. Exposure to
aLsoiute maximum rating conditions for extended penods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, GND = DGND = 0V, V+ = DV+ = SV, V- = -5V, VpapJ = VFADJ = VPDI = Vpoo = GV, Cr = 100pF,
Ry = 25kQ, RL = 1kQ, CL = 20pF, TA = TMIN to Tmay, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER [SYMBOL] CONDITIONS [ MIN " TYP MAX | UNITS
FREQUENCY CHAHAQTEHIST}CS i .
Maximum Operating Frequency Fo 16pCF < 15pF, iy = S00pA 20.0 40.0 | MHz
Freguency Programming e VFapy = OV ] 2.50 750 n
Current VFADY = -3V 1.25 £75
N Offset Voitage ViN ) 1.0 $2.0 mVv
Frequency Temperature AFo/”C | VFADYS = OV 800 C
Cosfficient Fo”C | Vrapy = -3V x 200 PSS

! Frequency Power-Supply %Ql V- =-5V, V+ = 475V to 5.25V =04 +2.00 o
SRjecHon ! (%0\;—_@ V+ =5V, V- = -4.75V 10 -525V 02 z100|
i OUTPUT AMPLIFIER (applies to all waveforms)
| Output Peak-to-Peak Symmetry Vout =4 mv
| Outout Resistarce RouT 0.1 02 Q
i Output Short-Circuit Current louT Short circuit to GND 40 mA
{ SQUARE-WAVE OUTPUT (RL = 100Q)
Ampiitude VouT 1.9 2.0 21 | Vep
Fisa Time R 10% to 20% 12 ns
=2l Time - tF S0% to 10% 12 ns
Cty Cycle : dc Vpapd =0V, dc = tont x 100% 47 2Q 53 %
TRIANGLE-WAVE OUTPUT (RL = 100Q)
Amolitude VouTt 1.9 2.0 2.1 Vp.p
Nonlinearity Fo = 100kHz, 5% to 95% 0.5 %
2ty Cycle dc Voapy = 0V (Note 1) 47 30 33 %
SINE-WAVE OUTPUT (AL = 10002)
Amplitude Vourt 1.9 2.0 2.1 Vep
- . X Duty cycle adjusted to 50% Q.75
“otal Harmonic Cistortion THD : = %
Duty cycle unadjusted 1.30

10-4 SAAXLAA




High-Frequency Waveform Generai‘ar

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, GND = DGND = 0V, V+ = DV+ = 5V, V- = -5V, Vpapy = VFanJ = VPOl = Vppo = OV, Cr = 100pF,
RiN = 25KQ, RL = 1kQ, CL = 2CpF, Ta = TMIN to TMAX, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER [ SYMBOL [ CONDITIONS [ MIN TYP MAX | UNITS
SYNC OUTPUT ’
Output Low Voltage Vou ISiNK = 3.2mA Q0.3 0.4 \%
Output High Voltage VOH ISOURCE = 400pA 28 3.5 v
Rise Time R 10% tc S0%, RL = 3kQ, C = 15pF 10 ns
Fall Time te 90% to 10%, RL = 3kQ, C = 15pF 10 ns
Duty-Cycle desyne 50 %
DUTY-CYCLE ADJUSTMENT (DADJ) ;
DADJ Input Current 1DADY 190 250 320 T pA
DADJ Voltage Range VoADJ +2.3 v
Duty-Cycle Adjustment Range dc -2.3V < Vpapy £2.3V 15 85 %
DADJ Nonlinearity dc/VFaDY | -2V < Vpapy £ 2V 2 4 %
Change in Quiput Freauancy | £ voany | -2v <Vospys2v 25  :8 %
Maximum DADJ Modulating e > MHz
Frequency )
FREQUENCY ADJUSTMENT (FADJ) L,
FADJ Input Current ) . iFADJ - J 190 250 320 HA
FADJ Voltage Range . VFADJ 24 - N
Frequency Sweep Range Fa -2.4V < VFaDy £ 2.4V . 90 %
FM Nonlinearity with FADJ Fo/VEADY | -2V < VFADY S 2V 2 202 %
Change in Duty Cycle with FADJ | de/VFapy | -2V S VFapy € 2V +2 %
Maximum FADJ Modulaing Fr 2 MHz
Frequency
VOLTAGE REFERENCE
Output Voltage VREF IrRer =0 2.48 2.50 2.52 Vv
Temperature Coefficient VRer/°C 20 ppm/°C
Load Regulation VRer/IRerF ?;?)g\uSAEEI; :::(if?;;i?) : 3 mV/mA
Line Regulation - VRerV+ | 4.75V < V+ £5.25V (Note 1). 1 2 mvVN
LOGIC INPUTS (A0, A1, PDI)
Input Low Voltage ViL 0.8 \
Input High Voitage ViH 2.4 v
Input Current (AQ, Al) e o | Vao, VAt = Vi, Vil £5 HA
Input Current (PDI) i, H Veorl = Vi, ViH +25 HA
POWER SUPPLY
Posttive Supply Voitage V+ 4.75 525 v
SYNC Supply Voltage DV~ 4.75 525 v m
Negative Supply Voltage V- -4.75 -5.25 ' ‘
Positive Supply Current I+ 35 45 mA
SYNC Supply Current lovs+ 1 2 mA
Negagove Supply Current I- 45 55 mA

Note 1: Guaranteed by duty cycle test on square wave.
Note 2: VReF is independent of V-.

A AXNAMA 10-5
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High-Frequency Wavefo}m- Generator : s

Typical Operating Characteristics

otherwise noted.)

100M

MAXO038

10M

A 10k

OUTPUT FREQUENCY (Hz)

9.1

NORMALIZED OUTPUT FREQUENCY

(Circuit of Figure 1, ¥+ = DV+ = 5V, V-

CUTPUT FREQUENCY
vs. liN CURRENT

I RN
i 10 100 1000
IN CURRENT ()
NORMALIZED OUTPUT FREQUENCY

vs. DADJ VOLTAGE

= -5V, VoADy = VFADJY =

Veor = Voo = OV, AL = 1kQ, CL = 20pF, Ta = +25°C, unless

NORMALIZED OUTPUT FREQUENCY
vs. FADJ VOLTAGE

20 ;

Ny
18 3.<i——x.,,~=|oo

15
14

|
12 !
|

I

kS
=)
|
Tona

10 b—
0.8
0.6

|
|

04
02 1
I

Four NORMALIZED

a1

Y

DUTY CYCLE (%)
=

DADJ (V)
DUTY-GYCLE LIKEARITY
vs. DADJ VOLTAGE

20 ] !
o LI L | Ak
RPN R

‘ A 4

05 LN —jnuéz;om

DUTY-CYCLE LINEARITY ERROR (%)

20 '_..:-x._,.:z_swa
I | =10uA ¢

-20 -1.0 0 1.0 15 25




Typical Operating Characteristics {continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, Vpapy = VEADJ = VPOl = Vepo = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless
otherwise noted.)

SINE-WAVE OUTPUT (50Hz) ' SINE-WAVE OUTPUT {20MHz)

2
;
€
¢
¢

Iy = 4000A

TOP: QUTPUT 50Hz = Fy

BOTTOM: SYNC Cr = 20pF
iy = S02A
Ce=1pF 4

TRIANGLE-WAVE OUTPUT (50Hz)

T0P: QUTPUT 5CHz = F¢
BOTTOM: SYNC

Iy = S0uA

Cr=1uF

Lz

TCP- CUTPUT 50Hz=F,
BOTTICM: SYNC

Ix = 50uA

Ci=tpF

AAAXILAA ‘ 107
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High-Frequency'Waveform Generator

Typical Operating Characteristics {continued)

5V, V- = -5V, VpapJ = VFADJ = VPp1 = VPO = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless

(Circuit of Figure 1, V+ = OV+ =
otherwise noted.)
FREQUENCY MODULATIOK USING FADJ

SQUARE-WAVE OUTPUT (20MHz)
Ly ; ; 500005

70P: OUTPUT

iy = 400pA
Cr = 200F = " 80TTOM: FADJ

FREQUERéY MODULATION USING I

S0

T0P: QUTPUT
BOTTOM: Iy

TOP: QUTPUT
BOTTOM: Iy

PULSE-WIDTH MODULATION USING DADJ

N

TOP: SQUARE-WAVE OUT, 2Yp-p
BOTTOM: Vpagy, -2V to +23Y

FAAXLAA
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High-gFrequency Waveform Generator

Typical Operating Characteristics (continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VoADJ = VFADJ = VPDI = VPoo = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless
otherwise noted.)

OUTPUT SPECTRUM, SINE WAVE : OUTPUT SPECTRUM, SINE WAVE
Fo=11.5MHz v Fa = 5.9kHz
[} -
Rin = 15k (ViN = 2.5V), Cf = 20pF, 2 ¢ Rin = S1KQ (Viy = 2.5V), Cr = 0.01F 15
10 Vopg = 40mV, Veagy =2V ] 10 |—rVoua = S0, Vg - O i
20 -20 ’
@ -30 = -30
= =
z <0 Z -0
< 50 £ 50
2 2
= -0 E -50
< .70 T < .70
LAl | .
80 [ P Ty v -80 T
-0 -30 Y J%
|
-100 -100 Nolw '
0 10 20 30 40 50 60 70 8090 100 0 5 1015 20 25 30 35 40 45 50
FREQUENCY (MHz) | FREQUENCY (xHz)
Pin Description
PIN NAME FUNCTION
1 REF 2.50V pandgap voltage reference output
|2 GND Ground™
! 3 A0 Waveform selection input; TTL/CMOS compatible
4 Al Waveform selection input; TTL/CMOS compatible
S CCsC External capacitor connection
| S GND Ground*
r7 DADJ Duty-cycle adjust input
i 8 FADJ Frequency adjust input
| 9 GND Ground*®
i 10 IIN Current input for frequency control
" GND Ground*
12 POO Phase detector output. Connect to GND if phase detector is not used
13 POI Phase detector reference clock input. Connect to GND if phase detector is not used
TTL-/CMOS-compatibie output, referenced between DGND and DV+. Permits the internal osculator to be
14 SYNC
synchronized with an external signal. Leave open if unused
{15 DGND Digital ground. Leave open to disable SYNC, or if SYNC is not used
'8 - DV+ Digital +5V supply input. Can be left open if SYNC is not used
o7 V+ +5V supply input
i 18 GND Ground”
P19 ouT Sine, square, or triangle output
'_;20 V- -5V supply input

* The five GND pins are not internally connected. Connect all five GND pins to a quiet ground close to the device. A ground plane is
recommended (see Layout Considerations).

-
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Paraliel-input PLL Frequency
Synthesizer
Interfaces with Single-Modulus Prescalers

The MC145151-2 is programmed bv 14 parailel—inout data lines for the
N counter and thres input lines for the R counter. The device features consist of
a reference csciliator. selectable—reference civider. digital-ohase datector, and
14—bit programmanie divide—ov-N counter. )

The MC145i51-2 is an improved—-periormance drop—in repiacement for the
MC145151-1. The cower consumption nas decreased and £SD and laich—un
ceriormance have improvea.

+ Operaling Temperaturs Range: - 4C to 85°C

+ Low Power Consumotion Through Use of CMOS Technology

« 3.0to 8.0 V Supcly Range

+ Cn- or Off-Chip Reterence Osciilator Operation

» Lock Detect Signal

« = N Counter Outout Available

+ 3ingte Moculus/Paralle! Programming

+ 2 User-Selectable = R Vajues: 3, 128, 256, 5312, 1024, 2048, 2410, 3192
+ =N Pange =310 16383

» ‘iineanzed” Digital Phase Oetector Enhances Transfer Sunclion Linearity
« Two Zrror Sigral Ceiions: Single—Ended (Three—State) o Souole—Enaed
+ Chio Compiexity: 3C00 FETs or 2000 Equivalent Gates

REV 1
3ns

MCi145151-2

P SUFFIX
PLASTIC OIP

CASE 710

DW SUFFIX
30C PACKAGE
CASE 731F

. OFDERING INFORMATION
MCi45151P2 Plastic Oi
MC1251510W2 SOG Package

i
PIN ASSIGNMENT ‘
—— e, |
‘ : |
fan ie B 0w i
Yssd2 27 ] C5Cin !
inp Q3 25 0 05Cyy i
228\l & B dn g
2a0d's 24 N1 !
: i i
ails 23 Oire !
| i
as2( 7 2 Ntz !
| | |
»nds 2t e E
N i |
‘J\/L{ 9 20 H My |
s 10 ERIRY:] ;
] | |
vo [ '3 {j.«ﬁ i
1 i i
Ni 2 i7 0 Ng E
wad 13 15 0 ns 1
i
de 14 15 0 N i
i 1
3 G i
|

MOTOROLA

MC145151-2 through MC145158-2
2—-62S




MC145151-2 BLOCK DIAGRAM

22—
28—~
OSCauy | | Ac—=
L ]
23Cin 1 *‘!
I
‘n

A
0]

NGCTEZ. NO - N13 inouss and inputs RAD. RA1. ana RA2 have ouil—up rsisters that are not srown.

PIN DESCRIPTIONS
INPUT PINS

£
‘in

Frequency input {(Pin 1)

inout to the - N portion of the synthesizer. fip Is typically
Jerved from icop VCO and is ac coucled inta the device. For
‘arger amolituce signais (siandara CMCS logic ‘avels) dc
coupling may oe usea.

RAO - RA2
Reference Address Inputs (Pins 5, 6, 7)

These three inouts estatlish a code cefining one of sight
ocssible divide vaiues for the total reference diviaer, as
defined by the table below.

Fuli-uo resisiors ensure that inouts (sit open remain at a
iogic 1t and rzawire anlv a SPST switch to alter cata o (ne

Z2ro siate.

: Rafarence Address Coce ! Totai ;
- - | Divide |
CRA2 L AA1 RAO | value |
| | ] ;
| A : @ 2 | c
! 9] i [ 1 | 3 i
I R : i ! =) i
| 3] } | 2 | c :
[: | i | = |
H 4 | | X .‘ = i
o i B 0z4 |
i . ) ! . ‘ 145 |

b oy | s | me |

1 o 2 |

NO - N11

N Counter Programming Inputs (Pins 11 — 20, 22 - 25)
These inouts provide the cata that is creset into the = N

counter wnen it reacnes the count of za2ro. NO is the least sig-

aificant ana N13 is the most significant. Pull-up rasisiors en-

sure that inputs left open remain at a logic 1 and require on
4 at

an SPST switeh to alter @ata (o the zero siate.

TIR

rransmit’Receive Cfiset Adder inout (Pin 21)

This inout controls ihe oifset adged to the qata oravided .
the-Ninouts: § 18 normaily useqa for siiseturg the VC
frequancy by an amount eguai 10 ine IF iraquency of i
ransceivar, This otiset 13 fixeg at 856 wnen T/F is iow arn
gives no ofiset when T/R is nign. A cull-uo resisior ensurs
tnat no connection wiil appear as a icgic 1 causing no offs:
addition.

OSCjn, OSChyt
Reference Cscillator iInput/Qutput (Pins 27, 26)

Thase cins form an on—chip reference csaillator whan cor
terminals of an

QS8Cip may zlso / rmaily—ze
ated reference signal. This signal s typicaliy ac coupied
38Cin, out for 'arger amplitude signals istancara CMC
logic ieveis) cc counling may aiso be used. Int

referance mode, no connecuon is required o OSCoyt.

el =

QUTPUT PINS

PDout
Phase Detector A Qutput (Pin &)

Three—staie oulOUT Of DNEse Celecior for use &S 10002
signal. Double—=ndea cuiputs are aiso avaiable ior s ou
oose (see 6\ 2nd oR).

Frequency 1y > {R or fiy Leaaing: Negative Pulses

Srequency 1y < ig or fyy Lagging: Positive Pulses

Frequency fyy = ig ang Phase Coincidence: High—impec

ance State

MC145151--2 through MC145158-2.
2-5630
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i

oR, OV -
Phase Detector B Qutputs (Pins 8, 9)

These phase detector outputs can oe comoined externaily
for a loop—=arror signal. A singie—nded output is also avaii-
able for this purpose (see PDqgyt).

If frequency fy is greater than iR or if the phase of fy is
leading, then error information is provided by oy pulsing low.
oR remains essentially high.

if the frequency iy is less than {R or if the phase of fy is
'agging, then error information is previded by oR pulsing low.
2y ramains essentially high.

if the frequency of fy = f] and both are in phase, then both
2y and oR remain high except for a small minimum time
oeriod when both pulse low in phase.

fy 8
N Counter Output (Pin 10) -
This is the buffered outout of the = N counter that is inter-

nally connected to the chase detector input. With this output
available, the = N counter can be usad independently.

LD
Lock Detector Cutout (Pin 28)

Sssentially a high ievel wnen loop is locked (ig, i/ of same
ohase and frequency). Pulses iow when icoo is out of lock.

POWER SUPPLY

VDD
Positive Power Supply (Pin 3)

The cositive power suppiy potential. This cin may range
from +3to = 8 V with respect to Vss.

Vss
Negative Power Suoply (Pin 2)

The most negative supply potential. This pin s usuaﬂi/

ground.

TYPICAL APPLICATICNS

2048 MHz
—C ,
, !
,—f;" £ —_[: NG NC
T 1
L Lyt | - L ,
B R 1 !
| 0SCip 58Caut . RA2 RA1  RAO —_— !
! VOLTAGE | |
MC145151-2 00t —AAN 9=t CONTROLLED {—b—m
, L loscuaroa
Nianiznn w0 Ng NE N7 NE NS Ne N3 N2 i No 3 ——
T [ T : : T T T T ] 5-3.5 MHz
| T1 B i ) W A AT
= 1= 929 o, 0,0 o,0,0 A
YYYYIYYIYYY,
(o~ e N , 01110001000=5Mz
TS T T T T T = T T T roi0i11100=35mu
Figure 1. 3 MHz to 5.5 MHz Locai Oscillator Channel Spacing = 1 kHz
- ——= LOCK DETECT SIGNAL TRANSMIT: 440.0 - 270.0 MHz
,2]-! ‘ | | SHOICE OF
— { 1 |
T | 0SCoy PA2 3A1__RA0 LD
'
]
= — ——- cscq
T R, Ny o
N MC145151-2
3EF. OSC. ' Vs :
00417MHz | T __| 15
(ON—CHIPOSC.‘ = T 1 - 7867 MHz
LTI N N T T O I O |
L | oo
IECEVE O | SHANNEL PROGRAMMING
3 TRANSMIT N2 TG4
- (A0DS 856 TO N
T -NVALLEY I
1

NOTES:

|
X6
30.2500 MHz

1. ir = 4.1887 kHz: - A = 2410; 21.4 MHz low side injection during receive.
2. Frequency vaiues snown are for the 440 — 470 MHz band. Similar imolementaton applies to the 406 ~ 440 MHz pand.
Zor 47C - 512 MHz. consiaer reference osciilator fraquency X9 for mixer injection signal (30.3750 MHz).

Figure 2. Synthesizer for Land Mobile Radio UHF Bands
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MC14515X-2 FAMILY CHARACTERISTICS AND DESCRIPTIONS

MAXIMUM RATINGS” (Veitages Referenced to Vss)

| symbol | Parameter | Value Unit
; Voo ! OC Suopty Voitage -03.5t0 +10.0 %
Vin, Vour | Input or Cutput Voitage (DC or Transient) -0.5tVpp+03 v
excapt SW1, SW2 -
Vout Ourput Voitage (CC or Transient), -05i0+15 v
‘ SW1, SW2 (Rpyjl—yp = 4.7 kQ)
lin. lout | Input or Qutout Current (OC or Transient), =10 mA
| per Pin
'0D. !ss | Suoply Current, Vpp or Vgg Pins =30 mA
Po Power Qissipation, per PackageT 300 mw
Tsig | Storage Temoerature -850 +150 | °
T Leaa Temperaturs, 1 mm rom Case for 280 °C
10 seconas |

" Maximum Ratings are those values beyond which damage {0 the devics may occur.

Functional cperation shouid be restricted 0 the !imits inthe Electnical Characrensuc_s

tables or Pin Descriotions saction.
+Power Dissipation Temperature Oerating:

Plastic OIP: — 12 mW/°C from 85 to 85°C
SOG Package: - 7 mW/C {rom 65 to 85°C

ELECTRICAL CHARACTERISTICS (Voitages Refarenced to vss)

These devices contain grotection circuitry to
protect against camage due !0 high siaiic
veltages or z2lectnc fdelds. Howsver, orecau-
tions mustbe taken 1o avoid applications of any
voltage higner than maximum rated voliages
to these hign—mgedance circuits. For progar
ooeraiion, Vi, and Vayt shouid be consirained
0 ine range Vg £ (Vig or Yoy < Vpp
axceot for SW1 and SW2.

SW1 and SW2 can be tied througn axternal
resisiers (2 voitages as nigh as 15 Y, ingepen-
dent of the sucply voitage.

Unused inouts must always 2e tied ‘o an
approoriate logic voltage level (s.g., either Vss
orVop), exceotforinpurs with pull-uo devices.
Unuseg cutputs musi be left open.

[ Tae {..=d0%cT ) 25°C 35°c
Symool Parameter ! Test Condition v Min ! Max Min ‘ Max Min | Max Unit
| Vo | Power Suoply Voltage & ) 3 3 3 o9 |ov ]
| Range ! ! 1 i
big ! Oynamic Supply Current fin = OSCin = 10 MHz. [ & e — 3 — | 3 l mA
| 1V p—0 ac coupied sine s - 10 - 7.5 — | s
i wave 9" | 30 — 24 S -C
{ R=128, A=32.N=128 i i | !
! ! ! |
iss i Quiescent Supoly Current | Vin = Vpp or Vss B/ ™ — 800 — — | 1800 LA
| | (notinciuding pull-up lout = 0 uA sl = lazoo| = | — | 200
! | current comoonent) 5 | — 1600 — — | 3200
1 Vin { inout Voitage — fip, OSCin | inout ac coupied sine wave < ' 500 | — 300 — 300 i — mV o—-p
Y i Low-Lavel inout Voltage | Vo 22.1V lnputce | 3 | — 0 - 5 — 0 J
‘ | = fin, OSCip Vourz 3.5V couplea | 3 7 o 0 — 0 — 0
i i Vour28.3Y sauarewave | 3 | — ] et &7 4° = Q H
Iy | Hign—iLevel inout Voitage | Vo< 0.2V lnoutec | 3 | 3.0 — 30 ; — | 20 — Voo
|' l—iin, OSCip Vot 5y couoled | 3 | 50 - 0 — 3.0 — | !
i ! Vour$2.7V sauarewave | 3 | 30 | — | 50 | — 20 1= !
Lo | Low—tzvel inout Voltage 3 ’ - 09 | — | 22 - 7
‘: | — 2xcaptiin, OSCin 3 3 15 - | s =
! ! > 2.7 — a7 —
i | ; |
| Vi } Hign~Level Incut Voltage 3| 24 — 21 1 — 2.1 - v
i | — =xceot fin, OSCin 5 |35 - a5 |- 35 —
i | 2 1 83 - 33 | — 5.3 —
kn Inout Current (fin, OSCinj | Vin = Vop or Vs3 | 8 | =2 [ =80 | =2 | z25 | 22 | z22 uA
i Inout Leakage Current Vin = Vg3 3 ] — [ -03] — | -o1 — | -10 uA
(Data. LK. ZNB — 1 f
without pull—os) i ! |
i inout Leakage Current (all { Vin = pp s | - 9.3 — o] = 10 | uA
| inouts exceot fin, OSCinj | I | ! | | !
(contnued)
MC145151-2 through MC145158-2
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DC ELECTRICAL CHARACTERISTICS (conunued)

N | -40°C 25°C | 35°C
! Yoo !
Symeool Parameter l Test Condition v Min | Max Min Max Min i Max Unit
e Puil-upo Current (all inputs | Vin = V33 9 1 -20 | -400 | =20 | -200{ -20 | -170 UuA
with puil—ups)
Cin Inout Capacitance - - (6] - 10 — 10 oF
You Low—tavel Output lout =0 uA 3 — 2.8 — 0.3 s 9.9 LV
Veoitage — OSCqyt Vin=VDD 3 — 1.5 - 1.5 - 1.5
9 | — Lar = Lar g — | a7
YioH Hign—czvai Outout Inet =0 uA 3 2.3 — 2.3 — 21 | = v
Voitage — OSCqy Vin = VsS 5 3.5 — 3.5 — 35 | -
3 | 83 - 5.3 - 3.2 —
VoL Low-tevel Qutput lout = O uA 3 = 0.03 — 0.0 . v
Voitage — Other Qutpuis 5 = 0.05 — .05 —
9 | — o005 | — |o05 | —
Vo Hign—Lave! Outout lour = 0 uA 3 |29 — |29 | — 295 | — v
Voltage — Othar Outputs 5 | 485 — 485 — 195 | —
9 |35 — lags ! — |335 | —
Yi8R)DSS | Drain-ic—Source Roull~up = 4.7 kQ =M e . 8. = iS5 = !
3reakdown Yoitage — i
SW1. SW2 g | |
oL Low—Lavel Sinking Vout = 0.3V 3 1.30 — — - ; mA
Current — MC Vout =04V S 1.30 — — — |
Vo =035V 3 1 3.80 — — -
oM | Hign—Lavel Sourcing Vour=2.7 Y 3 {-080| — — — | mA
! Current — M Vout=4.8Y 5 |-0.90 — — — | i
: Vout = 3.3V 3 [-130] — - - !
oL Low-Lzavel Sinking i Vout =03V 31025 — | 020 — — } mA |
‘ Current — LD [ Vayr =04V 5 0.54 — " o.st — — Wi i
Vour=0.5Y 9 o180 |\ /.00 — — i
‘OH Hign-Level Sourcing Vour= 2.7V SV VEs | \LL 2 36500 o e — N lma !
Current — LD [ Vour= 4.6 ¥ 5 |-08¢| — j-03t] — - ;
, | Your =85 Y 3 =120 — j-100] — = ,‘ j
oL | Low-Lavel Sinking Vour=0.2V 3 | os0 — | 9048 i — {024 — | mA
Current — SW1, SW2 Vour=0.4Y 3 1.50 N (771 €0.89 = 0.45 =
Vaur= 0.3V g |.3.50 — | 210 | — 05 —
| oL Low~Lavel Sinking Vout = 0:3¥ t3 Yuousafins” | 4135 i — 1022 - | ma
: Current — Other Quiouts | Vo = 0.4V 3 | 084 | — 3510 — 038 | — |
| Vour = 9.5V 9 | 1.30 - 1.00 YL 070 | — |
3 {OH ) Hign—Lzavei Sourcing | Vour=2.7Y 3 -9 =4 - 0435, ! == i mA |
i | Current — Other Outouts i Voup =48V 5 |-084| — 1-0511 — !
| i lVour =85V 9 |=180 | — |-1020] = :
| 0z | Cuwutleakags Currant — | Vay( = /DD of VsS ‘\ 3 | — ~ s PouA
| PO Cutout in OF State i ! | ‘ |
! ipz | OutoutLaakage Current — | Vay = ¥op of VSs P2 = 0.3 — J S0 PouA |
i | SW1, SwW2 | Output in Off State ‘ | ! i } |
| Cour | Outout Capaciiance — POy — Three=State o= — 0 ; — i 10 i — b0 | pF
i ! i | | ; |
L  POout | ; \ 1 i |
MOTOROLA MC145151-2 through MC145158-2
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AC ELECTRICAL CHARACTERISTICS (CL =350 0F. Inout t; = t; = 10 ns)

| Vop | Guaranteed Limit | Guaranteed Limit | 1
Symbol Parameter v 25°C - 40 to 85°C | Unit !
IPLH, tPYL | Maximum Propagation Deiay, fin 10 MC 3 110 - 120 a ns i
(Figures 1 and 4) 5 50 b i E
S s 4 ! !
S 3 i !
ey | Maximum Prooagation Oefay. EN8 to SW1, SW2 3 160 {7 | ns |
{Figuras 1 and 5) 3 30 ! |
] 9 3C '
1
w Cutout Puise Width, og, oy, and LT with fginPhase withfiy | 3 25 tc 200 ns
{Figures 2 and 4) 3 20 to 100
9 10to0 70
TLH Maximum Output Transition Time, MC 3 115 118 ns
(Figuras 3 and 4) 5 30 75 !
; S L0 50
THL Maximum Qutput Transition Time, MC 13 50 70 5 ns |
(Fiqures 3 and 4) g 3 as 1 !
"y 30 38 ! !
TTLH THL | Maximum Outout Transition Time. LD [ 3 180 200 as |
(Figures 3 and 4) 3 | 80 120 |
s 70 30 |
L= fTHL | Maximum Qutput Transition Time, Other Outputs 3 i 160 { 178 ns ,
{Figures 3 and 4) 3 30 100
3 50 | 83
SWITCHING WAVEFORMS
; hy (
3R. oy, LD X 0% 7
“f3in ohase with fy.
Figure 2
ITLH —= ‘-4-— TH = -
AN | A 0% X
SUTPUT ‘o L
Figure 3.
/0D
TEST POINT TESTPONT 4
Q |
oUTPUT T | ouTPUT | Eka
- b pevier | AL
DEvICE [ OEVICE | |
UNDER L - | noea —
i - | rrer - o
i TEST i i el I
‘ = L , +
" Inciudes all probe and fixture capacitance. " Inciudes all orooe and fixture capacitanca.
Figure 4. Test Circuit Figure 5. Test Circuit
MC145151-2 through MC145158-2 } MOTORCLA
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TIMING REQUIREMENTS (Ingut t, = 1 = 10 ns unless otherwise indicated)

Vpp | Guaranteed Limit | Guaranteed Limit |
Symbol o Parameter v 25°C - 40 tc 85°C Unit
folk Serial Data Clock Frequency, Assuming 25% Duty Cycle 3 dctw 3.0 dcwd.5 MHz
NOTE: Refer 1o CLK ty(H) below 3 dcwo 7.1 dcto 7.1
(Figure 6) S dcto 10 de o 10
tsu Minimum Setup Tima, Data tc CLK 3 30 30 L ns
(Figure 7) 3 20 20
9 18 '8
th Minimum Hoid Time. CLK to Data 3 40 <0 ns
(Figure 7) 3 20 20
i 9 1 15
tsu Minimum Setup Time, CLK to ZNB 3 70 70 as
({Figure 7) . 5 32 32
9 25 25 |
trac Minimum Recovery Time, ZN8 to CLK 3 5 5 ns |
{Figure 7) 3 10 10
9 20 20
tw(H) Mimimum Pulse Width. CLK and ENB 3 50 70 ns
{Figure o) 5 35¢ 35
9 25 25
te b Maximum inout Rise and Fail Times — Any input 3 5 5) us
(Figure 8) 5 4 4
5 2, 2
SWITCHING WAVEFORMS
“wiH) :
; | — I
CLK. v y .
SNB ' i
J hd - Vss
‘ 4o
"Assumes 25% Outy Cycla.
- i
Figure 6. '
2ReVIOUS
. ) DATA
TR i~ LATCHED
ANY [ X —n
oureur ' = (
et 0% —— vgg Figure 7.
Figure 8.
MOTOROLA MC145151-2 through MC145158-2
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FREQUENCY CHARACTERISTICS (Voltages References to Vg3, Ci_ = 30 oF, Incut t, = t =10 ns uniess otherwisa indicated)

i ] ] i -40%C 25°C | a5:C !
} | { Vo0

! Symbol | Parameter | Test Condition v Min | Max Min 1 Max : Min | Max Unit

I % | inout Fraguency R28A20 N28 3] = 5 - | s = 3 MHz

i [ ini:OSCin} Vin = 300 mV oo 5 | — 5 | — | s - 5

: j | ac cougled sine wave [ 2§ — | 15 [ — | 15 . = | 35

! : R28.420.N>8 [ 3 } — | 2 — | 2 - | 7 MHz

| | Vin = 1V 0—p ac couclea 5 | = 22 2 ; 20 = 20

] I sine wave e 25 = | 22 — 22 i

! | + T

| [ A28 A20.N28 3 | — 18 — 1 12 — 8 ; MHz |
i | Vin=Vpp o Vss 5 = 25 — ! 22 - 22 | !
| ! dc coucled square wave 9 I — 25 — | 25 = 25 |

y. ihe PLL's oropagaton dalay irom

Tne upoer frecuancy iimit:s found with the ioilowing formuia: P~ tggy where fis the uccer frequenc
Todulus orascaler ratios, 1p is the fin 10 MC propagation celay in saconcs. ana igey is the prescaler s
For axample. with a 3 V/ suoply, the fin 10 MC dalay is 70 ns. If the MC?
ratio is uulizea. the uoper fraquency iimitis § = PP = tgpy) = 8470 - 16) = 744 MHz.

Pit

¢

fin 10 MC pius the setup time of the orescaler cetarmines e upperf

REFiZ?J_éE ]f__l‘k };_ I—_g m B
5\/ z y . ]
o — A NS A\
] “I ' A\l

70, — 1 X f
, | _
L ] | = IL
il J/2

~ign Voltage Lavei.
ow Vcitage Lavel.

are 1 cnase, the outout is forced o naar mid-suooly.
POy 2enerates afror ouisas Qunng Sut=or-iccx concitions. “Vhan inckaa in phase and
ana ine vcliage at this oin 1S determined ay the icw—pass filter capacitor.

Figure 9. Phase Detsctor/Lock Detector Qutput Waveforms

requency limit
VInHzZ, 2is the iower of tha cual
0 1ime in secongs.

2028A crascaleris usad. the setuc imeis 16 ns. Thus. if the 64/65

oithe svsiam.

fraquency the outout is rign

MC145151-2 through MC145158-2
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DESIGN CONSIDERATIONS

PHASE-LOCKED LOOP — LOW-PASS FILTER DESIGN

A) 2Dy ————AAA——e—— (O

3y '
OR — P
R C T Nan
oy — = T T koo

7 (R R
i RysC =1t

8) Dgy ——AAN———— (O

o4 Dotuce
4=V NCR - Ay

§ e T
! C)  Fay— —= M [ %akyco
| | s | g
A N —: I { TweR
S ) S . i ~C
N e AAA e - o 7= L&(«_
I 5
|1 [ 2
? . ASSUMING SAIN AiS VERY LARGE, THEN:
¥, ‘; Sls) = ‘i
|

NOTE: Sometimes R+ is spiitinto wo sanes resistors, each R1 = 2. A capacitor C(3 is tnen placed from the micooint to grounrg ‘o further
filter 2y and oR. The value of C¢ snouid be such that the comer fraquency of this network does not significantly ariact Wn. l
The og and dy outouts swing rail—to—rail. Therefore, the user shouid be careful not to exceed the ccmmon mode inout range of the
20 amo used in the combiner/loop filtar,

DEFINITIONS:
N = Totai Division Ratio in faedback loop
Ko (Phase Cetector Gain) = Vpp/4r for POout
Ko (Phase Detector Gain) = Yp/2K for oy and og

2rafyc
Kyco {VCO Gain) = ——ﬁ
AVvyco >
for a typical design wn (Natural Frequency) = \at onase detector inout).

Damping Facter: £ = 1

RECOMMENDED READING:
Garaner. Floyd M.. Phaselock Technicues (second edition). New ‘(ork, Wiley—interscience, 1$79.
Manassewitscn, Vadim. Frequency Syninesizers: Theory and Design (second edition). New York, Wiley—interscience, 1280.
Slancnard, Alain, Phase—Locked Looos: Aopiication to Coherant Recaiver Design. New York. Wiley—interscience. 1375.
Egan, William 7., Frequency Svnthesis by Fhase Lock. New York. Wiley—Interscience, 1981.
Rohde, Ulrich L., Digral PLL Frequency Synthesizers Theory and Dssign. Englewood Cliffs, MJ, Prentice—Hall, 1983.
Bernin, Howard M., Design of Phase—Locked Loco Circuits, with Expenments. indianaoalis, Howard W. Sams and Co., 1973.
Kinley, Harold, The PLL Synthesizer Cookbook. Slue Ridge Summit, PA, Tab 8ooks. 1980.
ANS3S. Phase~Locked Loop Design Fundamentais. Motorola Serniconducior Products. Inc., 1970:
AR254, Phase—_ockeg Looo Oesign Articies, Moterola Semiconauctor Products, Inc., Reorinted with permission from Electronic Cesign,

1987.
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CRYSTAL OSCILLATOR CONSIDERATIONS

~ The foilowing cptions may be considered to provide a ref-
srence frequency to Motorola’s CMOS frequency synthe-
sizers.

Use of a Hybrid Crystal Oscillator

Commercialiy available temperature—compensated crystal
sscillators (TCXCs) or crystal—controiled cata clock osciila-
tors provige very stable reference irequencies. An cscillator
capable of sinking and sourcing 50 1A at CMOS logic levels
may te direct or gc coupled to OSCin. in general, the nignest
frequency capaoiiity is obtained utlizing a direct—ouoied
square wave nhaving a rail-tc—rail (VYpp to Vgg) voltage
swing. if the osciilator does not have CMOS logic leveis on
the cutputs, capacitive or 2c coupling to OSCip may be used.
OSCqyt. an unouitered output, should be left floating.

For additicnal information about TCXOs and cata clock
oscillators. please consult the latest version of the 2em
tronic Engireers Master Catalog, the Gold 300k. or simijar
subiications. i

Design an Off-Chip Reference

The user may design an ofi—chio crystal osciliator using
ICs specifically deveioped for crystal oscillator applications,
such as the MC120681 MECL device. The reference signai
from the MECL device is ac coupled to CSCin. Foriarge am-
olitude signals (siandard CMGS logic leveis), dc coupiing is
usad. OSCqyy, 2n unouifered output. should be leit iloaung.
'n gensral, the hignest frequency capaoility is ootained with a
-coupled sguare wave having rail-to—rall voitage
swing.

Use of the On-Chip Oscillator Circuitry

The on—:nip amolifier (z digital inverter) along with an ap-
cropriate crysial may ce usea to provide a raference source
fraquency. A fundamentai mode crystai, parailel resonant at
the desireg cperating frequency, shouid be connected as
spown in Figure 10,

" May Cs deieted in csrain cases. See text.

Figure 10. Pierce Crystal Oscillator Circuit

For Vpp = 3.0 V. the crystai snouid be speciiied for a load-
ing capacitance, Ci, which does not exceed 32 oF for fre-
quencies to aporoximately 8.0 MHz. 20 pF for frequencies in
'he zrea of 8.0 to 15 MHz, and 10 pF for igher frequencies.
These are guideiines tnhat provide a reasonable compromise
cetween |C caocacitance. crive capability, swamoing vana-
tions in stray and IC inouvoutput capacitance, and reaiistic

C values. The shunt load capacitance, Ci, presented
across the crystai can be estimated to be:

o~
~inout

[0

e
&

QI8

CL= —Ca_co-

Cin = Cout c
where
Cin = 3 oF (see Figure 11)
Cout = O DF (see Figure 11) - |
Ca= 1pF (see Figure 11)
Co = the crystal's holder capacitance
(see Figure 12)
C1 and C2 = 2xternal capacitors (see Figure 10)

< te. == -0
T P

i
- i i
-0 _T_—‘. -
| H
!

3 -3 ~S
AN
1 — 2 i i ! 2
=t e | 2
o— U p—o = E N —0
. — ',—---——-l
il
%)
v fa s

o

= +—wA—_ 0

NOTZ: cwrer

Values 2re sucpiiec by crystar manuf
{paraliel resonant crysiatl.

Sigure 12. Equivalent Crystal Networks

The oscillator can pe “trimmea” an—:‘réquency oy making a
sortion or ail of C1 variadie. The crysial and asscciaied com-
ponents must e locarsd as ciose as possidle to t(re OSCip
and OSCgqyt pins to minimize aistortion, sray capacitance,
stray inductance. and starup stabiiizaton time. in some
cases. siray capacitance should be added to the vaiue for Cin
and COU('

Power is dissipated in the effective series resistance of the
crystal, Pe, in Figure 12. The drive level speciiied by the crys-
tal manufacturer is the maximum stress that a crystal can
withstand without damage or excessive snift in frequency. 21
in Figure 10 limits the drive ievel. The use of A1 may not be
necessary in some cases (i.e.. 31 =0 Q).

To venfy ihat the maximum ac sucply voitage does not
sverarive the crystal. monitor the ouiput irequency as a func-
sion of voitage 2t OSCayyt. (Cara snouid de izken to minimize
ioading.) The frequency snouid increase very sligntly as the
1c supply voltage is increased. An overarivan crystal wiil de-
crease in fraguency or cecome unstaole with an increase in
supply voitage. The operating suppiy voitage must de re-
duced or A1 must be increasea in vaiue if the overanven
condition exists. The user shouid note that the oscillator
start—up time is proportional to the vaiue of R1.

Througn the piocess of supplying crystals for use with
CMOS inverters, manv crystal manufacturers have devel-
Jped expertise in CMOS oscillator design with crysials. Dis-
cussions with such manuiacturers can prove very nfeipful
‘see Tabie 1).

MC145151-2 through- MC145158-2
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Table 1. Partial List of Crystal Manufacturers

b Name ! Address Phone
Unitza States Crystal Corp. | 3805 McCart Ave., Ft. Worth, TX 76110 (817) 221-3013
Crystek Crvstai 2351 Crystal Or., Ft. Myers, FL 233907 (813) 236—2102
Starek Coro. 512 N. Main St., Orange. CA 92568 (714) 83%-7810

NOTE: Motorcla cannot recommena one supplier over anctherandin noway suggests tnatthisis a comolets

listing of crysial manufaciurers.

RECOMMENDED READING

Tecnnical Note TN-24, Statsk Corp.

Technical Note TN-7, Statek Corp.

E. Hafner, “The Piezoelectric Crvaral Unit — Definitions and
Method of Measurement”, 2roc, 7. No. 2 Feb,
1968.

TKemper. L. Rosine. "Quanz Crysiats ior Sraaquency
Control". Electro-Tecnnology, June, 1969.

. J. Ottowitz, “A Guide 10 Crysial Selection”. Slectronic
Design, May, 1968.

DUAL-MODULUS PRESCALING
OVERVIEW

The technigue of dual~modulus prescaling is well estap-
lished as a method of achieving high performance frequency
synthesizer operation at high frequencies. Basicaily, the
anproach allows relativeiy low—irequency programmable
counters 1o be used as high-irequency programmable
sounters with speed capability of severai hundred MHz. This
's pessible without the saciice in system resolution and par-
formance that resuits if a fixed {single-moduius) civider is
usec for the orescaler.

in cual-mcduius prescaling, the lower speed counters
must be uniquely configured. :pecxal control logic is neces-
sary (¢ select the civige value P or P = 1 in the orescaler for
the required amount of time (see modutus contra! definition).
Motcroia's duzi-modulus frequency svnthesizers contain
this feature and can be used with a variety of dual-modulus
orescalers o aillow speed, ¢ omolexity and cest to be taiored
‘0 the system requirements. Prescaters having P, P + 1 di-
viae values in e range of - 3/= 4 19 = 128/~ 129 can be con-
‘rolled by most Motorola frequency svnthesizers.

Severai dual-moaulus orescaler anoroaches suitaple for
use with the MC145152-2, MC145156-2, or MC145158-2
are:

j MC12009 : =5 I a0 MEz
| MC12011 | ~3/-3 ! 306 MHz
{MCi2013 | - 10/= 11 300 MHz
| MC12015 | - 32/~ 33 | 225 MHz
| MC12016 i - 40/= 41 i 225 MHz
I MCi2017 | - 54/- 35 | 225 MHz
| Mc12018 i 128/« 129 i 320 MHz
| MC120224 - 84/65 or - 128/129 | 11 GHz
" MC12032A - 54/65 or = 128/129 GHz

DESIGN GUIDELINES

The system tortal divide vaiue. Niotal (NT) will be dictated by
e application:
frequency into the orescaler

NT'= - =NsP+A
freQUenCy INtO the pnase detector

Nis the number programmed into the - N counter, A is the
numoer programmed into the = A counter, P and P + 1 are
the two selectable divide ratios available in the dual-modu-
lus prescalers. To have a range of NT values in sequence,
the = A counter is programmed from zero througn P - 1 for a
Sarticuiar value N in the - N counter. N is then incrementad to
N =i andthe - A is sequenced from O through P — 1 again.

There are minimum and maximum values that can be
achieved for NT. Thase values are a function of P and the
size cf the = N and - A counters.

The censtraint N 2 A always applies. f Amax =P — 1. then
Nmin2P-7. ThenNTmin=(P=1)P = Aor (P - 1) P since A
is free to assume the value of 0.

NTmax = Nmax * P+ Amz

To maximize system frequency capabiiity, the duai-modu-
lus prescaier output must go from low o high after sach
group of P or P = 1 input cycles. The prescaier shouid divide
oy P when its modulus control fine is high and by P =~ 1 wnen
its MC is low.

For the maximum frequency into tha prescalsr (N COmax).
the value used for P must be large enougn such that:

-I\/COmax diviced by P may not exceed the frequency
capability of fin (inout to the = N and = A counters).

n

.The penad of fycQ divided by P must be greater than
the sum of the timss:

a. Propagatior. caiay through the dua—modulus pre-
scaler.

C. Prescaler setp or reiease time relative o its MC
signal.

c. Propagation time from fin to the MC outout for the
irequency svntnesizer device.

A sometimes useful simpiification in the orogramming
code can te achieved by choosing the values for P of 8. 186,
32, or B4, For these cases, ihe aesirad vaiue of NT resuits
when NT in binary is used as the program code to the = N and
- A counters treated in the following manner:

1. Assume the + A counter contains “2” bits wnere 22

[

Always program ail higher orcer = A counter oits above

3" 10 0.

w

-Assume the = N counter and the = A countar (with ail the
higher order bits aoove “2” ignored) combined into a
single binary counter of n + a bits in fength (n = number
of divider stages in the = N counter). The MSB of this “hy-
pothetical” ccunteris to correspond to the MSB of = N and
the LS8 is to correspond to the LSB oi = A. The system
civide vajue. NT, now results when the value of NT in
binary is used to crogram the “new” n + a bit counter.

By using the two devices, several dual—moduius vaiues
are acnievabpie (shown in Figure 13).

MOTOROLA

MCi45151-2 through MC145158-2
2-8657




4—{ DEVICE A 14—{ DevICE ST‘—

DEVICE
3 -
DEYICE A MC12009 MCIZ011 MC12013 -

MC10131} - 207+ 21 -32+33 | —age2
MC10138| - 50/~ 51 - 30/~ 31 100 101

— 40i= 41 ~34=33 - 30/= 31
MC10154 oA .

- 30/= 31

C12011, and MC12013 ara pin aquivalent.
C12016. and MC 12017 are pin sguivalent.

NOTE: MC12009, M
MC12015. M

Figure 13. Dual-Modulus Values

MC145151-2 through MC145158-2 . MOTOROLA
2-558




- General Description

The MX7541is a high performance CMOS multiplying
12 bit digital-to-analog converter {DAC). Low power
cperaticn and 12-bit linearity (0.012%} make it suitable
for a wide range of precision data acquisition and.
control applications.

Wafer level laser trimmed thin-film resistors and tem-
perature compensated NMOS switches assure true
12-bit performance over the fuil operating tempera-
ture range. In addition; all cigitakinputs are compat-
ible with both CMCS and TTL lcgic ievels.

Maxim's MX7541 is electrically and pin compatible
with the Analog Devices AD7541. It is-avaiiable in
standard width 18-lead DIP_and Smali Outline (SO)
packages.

- . . . Applications

Machine and Moticn Control Systems

Automatic Test Equipment !

uP Controlled Calipration Circuitry
Programmabie Gain Amplifiers

- Digitally Controlled Filters:

Prograrmmable Power Supplies

Typical Operating Circuit

AV

AXI/N

CMOS 12 Bit
Mult:plymg D/A Converter

Features

¥ 12 Bit Linearity (1/2 LSE)
$ 1 LSB Gain Accuracy
% Guaranteed Monotonic

¢ Low Power Consumption
¢ Four-Guadrant Muitiplication
@ TTL and CMOS Compatible

) Pm—For-Pm Second Source

Ordering Information

[ panT TEMP. RANGE . PACKAGE™  ERROR |
[ AXTBATIN O°Cic +70°C  Plastic DIP 1LSB
MX7541KN °Ct0+70°C  Plastic DIP 8 |
MX7541JCWN 0°C to +70°C  Smali Outline
MX7541KCWN  0°C to ~70°C  Small Cutline
MX75414/D 0°C to +70°C Cice
TNX7541AQ -25°C 15 +85°C _ CERDIP™*
MX75418Q -25°C 1o +85°C  CERDIP™"
MX7541AD -25°C to +85°C Ceramrr
VX75418D 25°C 10 +85°C | Ceramic
MX75415Q 55°C to +125°C  GERDIP™ "
MX7541TQ 55°C.t0 +125°C - CERDIP™" -
| MX7541SD -55°C 10 +125°C  Ceramiz
M)(754| D -55°C to +125°C Ceramic

* Ail devices —
' Maxim reserves (he right to stip Ceramic- packages irtieu &f
CERDIP packages.

18 lead package.

Vygp /XA

v
MX7547 unz iy

MAX400

’

|
JIGITAL IXPUTS

Unipolar Operation

Pin Configuration

Top View

BIT 1 (M5B} [<]

00T 7]
ouT2 7]
GNO [T
SR
8iT 2 51
BIT3 5]
BIT4 7]
BIT5 [3]
BIT 6 (5]

MXTS41 -

AAAXI/A

Cail toll free 1-800-998-8800 for free samples ar hterature.

_ Maxim Integrated Products 1

L
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CMOS 12 Bit
Muitiplying D/A Converter

ABSOLUTE MAXIMUM RATINGS B B - _ T

Vopto GND L -0.3V, +17V Operating Temperature Range

VRerAGiGNE sonen s oo 5es oy st 559 500 5000 O30 saibaimsind Commercial MX7541J/K ... ..ol Q°C to +70°C
RegtoiGND' cosn swe s s Industrial MX7541A/8 ... .. -25°C to +85°C

Digital Jnput Volitage tc GND - 0.3V, Voo MIlBrYIMXZSAISIT « sovvs susess wosens vas s -55°C to +125°C

Output Voitage {OUT1, QUT2) {Nate 1) ............. -0.3V, Voo Storage Temperatiire s oo seuspmews s s 5 =85°C to 10T o
Power Dissipatidon (Derate 8mW/°C above +75°C) ..... 450mwW Lead Temperature {Soldering 10 seconds) ............. +306°C

Strassas above those listed under "Absclute Maximum Ratings” may cause permanent darmage to the device. Thess are stress ratings only, ana furictional
aparation of the davice at thess or any other conditions above thase indicatea in the operational sectians of the sgecification is not implisd. Exposurg to
absolute maximum ratings conditions for exteaded pericds may affect the device reliability.

ELECTRICAL CHARACTERISTICS

(Ta=Twin 10 Tmax Vop = +15V, Vaee = +10V, Vaury = VouTz = GND, unless otherwise specitied)

| __pAmameTER _ | svmsor | —  CONDITIONS - D oM. TYR - mMAX. [ uNiTS |
DC ACCURACY
Resolution | | 12 Bits
Dy T mTERRe = . & w |
Usi ) = 4n50 | e
Gain Error [Note 4) Using Ars; ;:)N:SST:!:AK ,{15? | LS8
Power Supply Rejection | PsmR Vop 5#14:5V.10+15.5V; ;:,N ?:GTCMAX ! ggQ /% Vo0
{ ] ’;;’1.- = +25° s e +50 S
Cutpui Leakage Current L( Vagr = £10V; .}:;IN KSSTMCM | 12‘20.0 | nA
Refgrence Input Aesistance l Rres [ 225°C | 5 20 LR
i DYNAMIC PERFORMANCE (Note 5) 9 “}
{ Output Current Settiing Time | To 1/2LSB v i T s WT____
Feedthrough Error Vage = 20Vp.p at 10kHz J' 1 : MVp.o 3
DIGITAL INPUTS
| LogicHIGH Thresnoid | Vin S =l [T T, - v o
Logic LOW Threshold T Vi 08 v
Input Leakage Current Digital Inputs =0V or Vpp i =1 HA
Input Capacitance Cin {Note 5) | a | pF )
E— Inputf Coding - ] Y Binary, Qffset Binary < = o i —
‘[ ANALOG OQUTPUTS
i Digital-inputs = Viyn OUTl ; 2 2-‘:0 :
I Outo_vtj_'t‘(:jxpacitance (i\‘_o_te A C?E” Digital lnputs = Vi 881—:/ , éO 1 -
1 | ouTz - - 200 | T
POWER REQUIREMENTS ‘ i
Operating Supply Range Voo | Accuracy Not Guaranteed ! 5 *‘ﬁﬁ- i V
. Bow&LSupply Current__ las § Digital Lnputs = Vinn o7 VinL _‘, o 2 mA .:.__,*__

Note 1:  Voyr; z may exceed the Absolute Maximum Voltage rating if the current is limited to 30mA or less.
MNote 21 MX7541J/A/S are monotonic o 11 bits.

Note 3: MX7541K/B/T are monotoric 10 12 bits. !
Note 4:  Maximum gain change from +25°C 10 Ty or Tuax is =4 2 LSBs using internal feedtack resistor. !
Note 5:___Guaranteed by cesign but not100% tested. -

|
i
|
|
l
\
:
X
\
<
T
|

1

|

|




- Detailed Description

The basic MX7541 DAC circuit consists of a iaser-
trimmed, thin-film R-2R resistor array with NMOS
current switches as shown in Figure 1. Binarily
weighted -surrents are switched to either OUT1 or
OUT2 depending on the status of each input bit. Most
applications require only an output cp-amp and refer-
ence source. The Vggr input accepts a wide range of
signals including fixed and time varying voitage cor
current inputs. -

10k T0K(1

Vper
_; 211 %m«n 2~mx >Lzm( %"cm -~
fsx \‘sz '} 2
i f P fi

CMOS 12 Bit

Mult:plymg D/7A Converiter

Application Information
Unipolar Operation

The most common conf!guratlon for the MX7541 _is
shown in Figure 2. The.circuit is used for umpolar
binary operation and/or 2-guadrant multiplication.
The code table is given in Table 1. Note that the
polarity of the output is the inverse of the reference
input.

In many applications, gain adjustment of the MX7541
will not be necessary. In those cases, and also when
gain is trimmed but only at the reference source,
resistors R1 and R2 in Figure 2 can be omitted.
However, if the trims are required and the DAC is to
operate over a widé “emperature range, then low
tempco (<300ppm/° C) resistors should be used at R1
and Re.

i i3
] I
I ! + ’ outz
' i 4 — —
= : — T
i ‘ LAl ! X
i 1 : - ! a A4
i A A A - AAA-
BITT{MS8 aIT? ENE BIT N (LSS) " P Wk |
| BE A i
Digial inputs {DTL/TTL/CMOS Compatibie] N lis T Ao NS
Switches Shown For Inputs High | T 13-33F [ 75
Yoo Rea | | ‘}; —
Figure 1. MX7541 Functional Diagram Y7 1A AN A~ Tty = LN G 1
o me LT AX7541 oun . N '
- T fmiamaz sy I il four
-5y N\ 1 88 |
| . { ﬁﬂ-l:_l s iy ]
|18 i - Rl t N _— EHEN
Ve fra | 10-TaaE | SIETAC INFUTS T
P 1 .
™3 i :un‘;————h- > FaTer: ﬁ,__“ | g8 )
Vin m——AAAT Uggs M1 X1 - Yaut ~TRIM | Jass | Keit |
Al MX7541 auT2 £ AKX IRES!STOR | l :
sn MAX400 |8 | oon | 1006 f
r3 Faz4y
/ S | | R [ 47u |3an
I_———-—_ RS ik
rk = TRIM ! I~ S M —- p— I y A
l]“x TAL ‘NFUF& VAS
( Jaes:srou 1 SIS | KBIT |
™ &y 1o | rean ‘
t '52 ) |47 334} | Figure 3. Bipoiar Cperation (4-Quadrant Muitiplication)
Figure 2. Umpo/ar Binary Operancn Table 2.Cupde Table —_
Table 1. Code Table Bipolar (Offset Binary) Cperation
— Unipolar Binary DIGHAELPOT | anALOG OUTPUT |
! DIGITAL INPUT I e — —— i
I g s ANALOG OUTPUT \ |
! B ! LN TR TS TS T U T TS TN T Ve {2027} i
| | \2025/ ;
1111 o1t o111 -V, /4095) ’
! ' v 1 REF 1 7o 1
\ 2596 1000C 06060 _ 02001 ‘V"EL({‘JKZQ) ;
1000 0000 0000 fqg;(zfl@)——w?vqg; | |
| 5 1000 GCQOC CGQO0O0 ! av !
I
! i |
0000 0G08CQ G001 | -Vegr{— : - b 1
coe sEF (4095) 6111 L1 T T O T T Vags S |
——— & B I I |
0000 0000 0000 ov S 600 0400 T80 \‘ac_’zow) !
; = \20«.8 {
AKX - : — — —=
At B . A ¢
L= TN S P SRS
' S
B !QE‘F | P A Ao -

LPGLXW



MX7541

CMGQCS 12 Bit
Muitiplying D/A Converter

Bipoler Oparation

Bipolar, or four-quadrant, operation is shown in
Figure 3. A second amplifier and three matched re-
sistors are required. Matching to 0.01% is recom-
mended for 12 bit performance. The code table for
the output, which is “offset binary”, is listed in Table
2. In multiplying applications, the MSB determines
output polarity while the other 11 bits control
amplitude.

Butput Amplifier Offset

For best linearity, OUT1 and OUT2 should be termin-
ated at exactly OV. In most applications, OUT1 is
connected to the summing junction of an inverting
op-amp. The amplifier's offset voltage can degrade
the linearity of the DAC by causing OUT1 to be
terminated to a non-zero voltage. The resuiting error
is typically 4/3Vos to 2Vps, a change of 2/3Vas. An -
amplifier with 3mV of offset wiil therefore degrade the
linearity by 2mV, almost a full LSB with a 10V ref-
erence voltage. For best linearity, a low-ofiset amplifier
such as the MAX400 shouid be used, or the amplifier
offset must be trimmed to zero. A good rule of thumb
is that Vos should be no more than 1/10 of an LSB's
value.

An output amplifier’s input bias current {Ig) can also
limit the DAC's performance since lg x Ry generates
an offset error. | shouid therefore be much less than
the DAC output current for 1 LSB, typically 250nA
with Vrer = 10V. One tenth of this value, 25nA, is
recommended. Ofiset and linearity can also be im-
paired if the output ampilifier's noninverting input is
grounded through a “bias current compensation resis-
tor” This resistor adds to the offset at this pin and
should not be used.

Dynamic Considerations

In static or DC applications, the AC characteristics of
the output amplifier are not critical. In higher speed
applications, where either the reference input is an
AC signal or the DAC output must Gquickly settle to a
new programmed value, the AC parameters of the
output op-amp must be considered.

Another error source in dynamic appiicaticns is par-
asitic coupling of signal from the Vmgr terminal to
QUT1 or OUT2. This is normatly a function of board
layout and package lead-to-iead capacitance. Signals
can aiso be injected into the DAC outputs when the
digital inputs are switched. This digital feedthrough is
mostly dependent on circuit board layout and on-
chip capacitive coupling. Layout induced feedthrough
can be minimized with guard traces between digital
inputs, Vrer, and the DAC outputs.

Compensation

A compensation capacitor, C1, may be needed when
the DAC is used with a high speed cutput amglifier.
The purpose of the capaciter is to cancel the pole
formed by the DAC's output capacitance and internal
feedback resistance. Its value depends on the type of
op-amp used but typical values range from 10 to
33pF. Too small a value causes output ringing while
excess capacitance overdamps the output. The size
of C1 can be minimized, and output settling per-
formance improved, by keeping the PC board trace
and stray capacitance at OUT1 as smali as possible.

Grounding and Bypassing

Since OUT1, OUT2 and the output amp's noninvert-
ing input are sensitive to offset voltages, nodes that
are to be grounded should be connected directly to

“singlespoint” ground through a separate, very iow

resistance (less than 0.20)) path. The current at OUT1
and OUT2 varies with input code creating a code
dependent error if these terminals are connected to
ground (or a virtuat ground) through a resistive path.

A 1uF bypass capacitor, in parailel with a 0.01xF
ceramic cap, should be connected as ciose 1o the
DAC's Vpp and GND pins as possidle.

The MX7541 has high-impedance digitai inputs. To
minimize noise pick-up, they shculd be tied to either
VDD or GND when not used. It is aiso good practice
to connect active iriputs to VDD or GND through
high valued resistors (1M()) to prevent static charge
accumulation if these pins are left floating, such as
when a circuit carg is teft unconnected.

Chip Topography

0.097" |

{2 464mm| |

auTz ouT! RBez Vaee Yop |
] i | |

{ ! l t

GHD —8

i)

e

==
A a0

ey

BITZ 4

— — ey

BIT 3 —¢

8T 4 S5 Y

ANN0H assume (eSPONSOy for use of any ciccuitry other than & i a Maxim proauci No crcuit patent izenses are
Maxum reserves the ¢ Q cnange the circuitry and specifications
3 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

&3 1885 Maxin Integrated Producis Printed USA

MAXIAN s 3 registered trademark of Maxam incegrated Fro




“UIFB81989

1. g418 ﬁ'oﬂﬁmﬁ,ﬂé’nnﬁﬁﬂmmﬂ%aﬁutﬂ%aeEi\ﬁ‘nqua:szuu%wq?iams,
USenBagLat iR, AuWa s 1,NTINN,N.A 2538

2. M5ANTEHABUANAES, 80U 167 NNFIAN,2540

3. MIdsEiinauanAas,atdu 180 NNATAUGE, 2541

4. MAXIM NEW RELEASES DATA BOOK VOLUM VI 1997
High-speed CMOS logic Data Book,





