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ML2037

500kHz, Serial Input, Programmable
Sine Wave Generator with Digital Gain Control

O@L Micro Linear

GENERAL DESCRIPTION FEATURES

The M 12037 is a precision programm ablk sihe w ave B Progmmm ablk output frequency:

genemtorw ih a frequency range ofD C t 500kH z. The DC t© 400kH z— usihg a crystal

device is capabl ofgenerating a w de fiequency mnge DC t 500kH z— usihg an extemaldigialclck
ofow distortion sine w avesw ih no extemalpassive

com ponents. The fiequency ofthe sine w ave output is B 3-w ire SPIcom patbk serial interface w ih doublk
programm ed by a 164bitw ord thatis baded through a buflered latch orprogram m ing the frequency
serialinput. The she w ave output fiequency is determ ined

by the program m ed value and the clock frequency. The B D gialgah contrwolorprogramm ing outputam pliude
cck firequency is derived from eiheran extemalcrysal

connected t the device oran extemalclock hputto B SYNC nputforsynchronization ofm ultple she w aves

provide a smbk and accumte fiequency refernce.
B Shutdown pi orskepm ode
The sine w ave outputofthe M 12037 is fitered and has a
programm abk am plitude that is digially progrmamm ed in B Sihgk 5V pow ersupply opermtion
0.5V steps. The m axinum am pliude 52 0Vpp centered
ata 2 5V kevel The device functions from a single 5V
pow ersupply and hasa shutdow n p to putthe device
Into a Jow pow erm ode thatdisabls the output. A sync
Inputisprovided to albw the synchronization ofm ore
than one device 1n a sysem .
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ML2037

PIN CONFIGURATION

ML2037
16-Pin PDIP (P16)
16-Pin Wide SOIC (S16W)

DGND[[1 ~ 16]jDVcc
SYNC||2 15[ G1
CLK OUT(|3 14]] Go
el q| 13[] CLKIN
DGND |5 12[] Avce
SDATAIN[[6 11[] Avce
S ENABLE |7 10 out
SHDN [I8 9l AGND
TOP VIEW
PIN DESCRIPTION
PIN NAME FUNCTION PIN NAME FUNCTION
1,5 D GND G round connection forthe digial 9 A GND G round rference foranalog sections
sectibnsofthe T . ofthe T and mference orOUT.

2 SYNC Synchronization input. H oding this 10 ouT Sine w ave output. The am plitude of
pih bw stopsthe sine w ave output, the sine w ave w illvary around a 2 5V
and resetsthe phase to zero. DC level

3 CIKOUT O utputofthe mtemalhigh frequency 11,12 AV Pow er supply orthe analog sectionsof
cock genemtor.@IKOUT=%@H<]N . the T .

4 SCIK Serialdata clock nput. Serialdata is 13 CIK N hputofthe intemalhigh firequency
ccked intw the shiff rgiseron cbck genemtor. Thispin iseither
falling edgesofS CIK. driven from an extemalclock inputor

connected to a crysal oruse w ih the

6 SDATA W Serkhldata nputforprogramm ng the Intemaloscillator.
output frequency.

14 GO O utputgain control W orkswih G 1

7 SENABIE Serhlinterface enabk control A setthe outputam plihide to one offour
Jogic high on thispin albw sdata to be diferent mill scale mnges.
entersd Into the latch.

15 @G1 O utputgain control W orkswith G0

8 SHDN A gic high on thispin causesthe setthe outputam plitude to one offour
outputofthe genemtorto shutoffand diferent i1l scale ranges.
placesthe T in a low pow er standby
m ode. 16 DV¢c Pow er supply orthe digitalsectionsof

the T.
2
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ML2037

ABSOLUTE MAXIMUM RATINGS

Absolute m axin um mtings are those valuesbeyond w hich
the device could be pem anently dam aged. Absolite

m axim um rmtngs ar stess ratings only and functonal
device opemrmtion isnotin plied.

Lead Tem pemtur Goldering, 10 s2c) «vvivviiienienienns 260
Them alResisance O3)
Plastc D P

OPERATING CONDITIONS

AV e DV i o A%
Volage on any otherpin ...AGND -0 3V to AV + 0 3V
TNPUECUTIENT (ooiitiiteeeeeeeeeeeeeeneeee 125m A Tem perature Range
Jncton Tem PeIAtITE «.vivivi vt MTI2037CX tiiiiiiiii i 0 70
Storage Tem peratuire Range MI2037TX coovirinneenns v 40T ©BHT
AVCC ' DVCC Ra_nge .................................. 475V to 5 25V
U nkss othemw ise specified, AVee - DV =475V t0o 525V, SHDN = 0V,CIK N = 25 6M H z crysal)
or 32M H z extemalclock), Ct, = 50pF, R, = 1kQ, T = O perating Tem perature Range Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
OUTPUT
HD Ham onic D istorton 20Hz to 31 25kH z -45 dB
¢nd and 3rd H am onic) 31 25kH z to 500kH z 40 dB
SND Signalto N oise + D istorton 1kH z to 31 25KkH z, -45 dB
HyrBW < 3125kHz
31 35kH z t 500kH z, 40 dB
Hyr BW < 500kH z
Gain Enor & yr<125kH z, C suffix t0.15 dB
AVee=5V,G1=1,G0=1
& yr<125kH z, ISuffix 1025 dB
AVee=5V,G1=1,G0=1
125kH z<f; y r<500kH z, Both 105 dB
AVee =5v,G1=1,G0=1
HEeNoise SHDN =5V 500 UV o 5
PSRR Pow erSupply Re®ction Ratio 200mVpp, Hyr=0-100kH z —40 dB
D C O utputVolage 24 2.6 v
Peak-to-Peak O utputVolage G1=0,G0=0 05 Vep
G1=0,G60=1 10 Vpop
G1=1,G0=0 15 Voo
Gl=1,G60=1 1.88 20 212 Voo
OSCILLATOR
CIK N hputlow Volage 15 v
CIK N IhputH igh Volage 35 v
CIK N mputlow Cunent ExtemalClock 250 HA
CIK N hputH igh Curnent ExtemalC ock 250 HA
CIK N hputCapaciance 12 PF
CIK IN M axim um Frequency ExtemalC ock 32 MHz
CIKOUTto CILK N Frequency Ratio 0.49 05 0.51
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ELECTRICAL CHARACTERISTICS contnued)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
OSCILLATOR (Contnued)
&% CIKOUTRis=Tine C1, = 25pF, See Tin Ing D iagmam 2 8 ns
& CIKOUTFallTine C1, = 25pF, See Tim ing D Jagram 2 8 ns
LOGIC
Vo, hputlow Volage 1.0 v
Vy hputH igh Volage DVee -1 v
I, hputlow Curent -1 HA
Iy hputH igh Curent 1
Vo, O utputLow Volage Lhr=—=2mA 04 v
Vou O utputH igh Voltage Ly =2mA 4.0 v
£ o1k SerialC lock Frequency 0.01 10 MHz
By SerialClock Pulse W idth 40 ns
tssp SDATA W Setup Time 10 ns
tsp SDATA N Hod Time 10 ns
Harn s SENABIE Setup Tine 30 ns
Sepn SENABIEHold Tine 50 ns
% sen Delay fiom SENABIE to Sable O utput Tk w =32MHz 500 ns
Hayne | Dely fiom SYNC to O utputsStart fmxknw =32MHz 500 ns
SUPPLY
Al-c AV Curent g w=16MHz 35 45 mA
ik w =32MHz 40 50 mA
SHDN = 5V 10 WA
D k¢ DVee Cunent Tk nw =16MHz 10 14 mA
ik w =32MHz 16 20 mA
SHDN = 5V 30 WA

Note 1: Lim is are guaranteed by 100% testing, sam plhng, or correlation w ith w orst case test conditons.

tssp | tHSD
SD<
S DATA IN Do D1 X D2 X D14 X D15 X X
(
)

<&—1SSENS —»| tsSENH |

tpw | tpw

S CIK

:

{5
S ENABLE

Timing Diagram 1.

fcik IN
CLKIN \_/ \
tR tr

fck our

CLK OUT

Timing Diagram 2.
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FUNCTIONAL DESCRIPTION

The M L2037 iscom posed ofa progmam m abk frequency
genemtoy, a she w ave genemtory, a crystal oscillator; and
a digialinterface. The functionalblbck diagram is shown
In Figure 1.

PROGRAMMABLE FREQUENCY GENERATOR

The progam m ablk fiequency genemtorproduces a digial
outputw hose fiequency isdetem hed by a 16-bidigial
woxl.

The frequency genemtor is com posed ofa phase

accum ulatorwhich isclbcked atl f1x 3y - The value
stored in the data atch is added t© the phase accum ulator
every tw o cyckes of CLK N .The firequency ofthe analog
output isequalto the mate atw hich the accum ulator
overflow s and is given by the follow .ng equation :

£y X(D15—>D0)
= 222

D EC

%UT

W here D 15-D 0) is the decin alvalie ofthe
program m ngw oxd.

The frequency resolition and them inin um frequency are
the sam e and can be calculated using:

£

When gy = 25MHz, Afy i = 5.96Hz (2 98H z).
Low er output frequencies are obtained by using a low er
clock frequency.

The m axin um fiequency output can be easily calkulated
w ith the ©llow ing equation:

fxw
%UTMAX) = 5 G)
2
fiequencies, up to 500kH z, are obtained by using an
extemalclock, where 25MHz < g v < 32MHz.

D ue to the phase quantization nature ofthe frequency
genemtor, spurious tnes can be present in the outputin
the mnge 0of-50dB ®wlative to findam ental. The enexyy
from these tones is mclided I the signalto noise +
distortion specification END ) given in the electrical
abk . The frequency of these tones can be very close t©
the findam ental, and it isnotpmcticalto fiterthem out.

SINEWAVE GENERATOR

The sinew ave genemtor is com posed ofa sine lookup
@bk, an 8-biDAC, an output an cothing filey; and an
am plifier. The sine ookup tabl is addressed by the phase
accum ulator. The DAC Isdriven by the outputofthe @bl
and generates a staircase representation ofa sihe w ave.

The output filler sm ooths the analg outputby =m oving
the high fiequency sam pling com ponents. The resulant

volage onVg yr Isa sihhusoid w ith the second and third
ham onic distortion com ponents at kast40dB below the
findam ental

The M L2037 hasa 2-bit G1,G0)digirlgan control.

W ih the galn lnputequalto logic 00, the sihe w ave

am plinde Isequalto 0 5Vpp . icrem enting the gan
control hput hcrases the outputam plitide in 0 5V sEps
t© amaxinum of2 .0Vpp .The outputam plitude is
accumte to w ithin +0 5dB over the firequency mnge.

G1 GO P-P OUTPUT AMPLITUDE
0 0 5V
0 1 10v
1 0 15v
1 1 20v

The analog section is designed to opemte overa
frequency range ofD C to 500kH z and is capablk of
driving 1k, 50pF loads atthem axin um am pliude of

2 0Vpp .The sine w ave output is typically centered about
a25V DC kvel so ora 2Vpp she w ave, the outputw il
sv ing from 1.5V t© 3 .5V.

CRYSTAL OSCILLATOR

The crysaloscillhtor genemtes an accumate refernce
clock forthe programm able frequency genemtor. The
htemalclbck can be genemated w ih a crystalorextemal
clock.

Fa crystalisused, itm ustbe placed betw een CIK N and
DGND .An on—chl oscilhtorw ill then genemte the
htemalclbck.N o otherextemal com ponents are
requird.The crystalshould be a pamlkel msonant type

w ih a fiequency between 5M H z to 25 6M H z. Eshould
be placed physikally as close aspossiblke to CIK N and
DGND, to m inin Ize trace lengths.

The crysalm ust have the ©llow Ing chamcteristics:

¢ Paralkl resonant type

e Frequency:5MHzt 25.6MHz

e Maximum ESR:120Q2@ 5t 10MHz, 802210 to
15MHz,and 50Q @ 15t 25 6MHz

e D rive level: 500UW
¢ Typical load capaciance: 18 -20pF
e Maxinum case capaciance: 7pF

The fiequency ofoscillation w illbe a finction ofthe
crystalparam eters and board capaciance. h genemrl,
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16-BIT

SDATAIN O gpyjFT REGISTER

(16 BITS)
] ] ]
16-BIT
S ENABLE O—>» DATA LATCH
(16 BITS)
] ] ]
pr— l " ;. ] .r
T Bo-B2o
.. 21-BIT
Ao Ars ADDER
BINARY
PHASE ACCUMULATOR SUM (21 BITS)
y . . . "
fReF 21-BIT
» LATCH
Qo Qo
— Xyl oo
LEAST —
SIGNIFICANT INPUT TO
(12 BITS) QUADRANT
COMPLEMENTOR
PHASE SAMPLES SIGN BIT
(7 BITS) QUADRANT
Yy VY BIT
QUADRANT > jeT-= f1—
LKIN CRYSTAL COMPLEMENTER REF
O] OSCILLATOR — INPUT TO
(7 BITS) SIGN ROM
Y y BT, M.
READ-ONLY PICTORIAL
MEMORY PRESENTATION
(128X 7) INPUT TO SIGN | OF DIGITAL DATA
— COMPLEMENTOR
'(7 BITS) ' ,ﬁ Al l.h‘,'l'm X
SIGN INPUT TO
COMPLEMENTOR OUTPUT LATCH
o o o SIGN .‘I'”h\ R
"(7 BITS) ' " BIT \I‘lll'l'
fREF o OUTPUT
> LATCH INPUT TO D/A
CONVERTER
] ] ]
SIGN . I .
vOB L LT Al II\"[“"'
8-BIT
DIGITAL-TO-ANALOG -
CONVERTER INPUT TO
LOW-PASS
FILTER
Y (ANALOG
G1 O] GAIN CONTROL & SIGNAL)
LOW-PASS
GO O FILTER OUTPUT OF
LOW-PASS
FILTER
(ANALOG
SINEWAVE SIGNAL)
OUTPUT

Figure 1. Detailed Block Diagram of the ML2037.
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FUNCTIONAL DESCRIPTION contiued)

m roprmcessor cyystalsm eet the above requirem ents, but
It is rrcomm ended o testthe selected crysalh circuitto
Insure properoperation . Suiabl crystals can be
purxchased from the ©low Ing suppliers:

ECS, Inc.
FO X Elctronics
M -TRO N hdustries

An extemalclock can drive CIK N diectly ifdesired.
The fiequency ofthis clock can be anything from 0 to
32M H z.H ow ever, atclock frequenciesbelbw 5M H z, the
sine w ave outputbegis to exhbit "smirasing".

The M 12037 has a clock output thatcan be used to drive
otherextemaldevices.The CIK O U T output is a buffered
output from the oscillatorw hich minsatone halfthe
frequency of CIK IN .

SERIAL DIGITAL INTERFACE

The digial nterface consists ofa shift mgister and data
Jatch . The seriall6-bidata word on SDATA W is clocked
nto a 16bi shiff register on &2lling edges ofthe serial
shift clock, S CIK .The LSB should be shiffed :n firstand
the M SB lastasshown In Tim ing D Jagram 1 .The data that
hasbeen shiffed Into the shift register is Joaded Into a 16-
bitdata htch on the &Alling edge of S ENABIE. To nsure
that e data is loaded hto the data latch from the shift
register, the S ENABIE falling edge should occurbefore
the S CIK tmansitons high to low . S ENABLE shoul be
high whil shiffing data into the shiff register. N ote that
alldata isentered and latched on edges, not kvels, of S
CIK and S ENABIE.

U pon pow erup, the data n the latch is ndetem hate.
istherfore rcomm ended to nibalize the frequency data
aspartofa pow erup routhe.

SYNCHRONIZATION

W hen the SYNC ph isheld high, the sine w ave generator
operates nom ally. Pulling thispin low causes the sine

w ave outputto be hntermpted and msets the phase back
t© zero.The sine w ave outputgoesto the 2.5V DC level
approxin ately 1s afferthe SYNC nputgoes bw .

Sw irching the SYNC pin back to a high kvel starts the
she w ave goIng again from zero phase.The delay from

w hen the SYN C goeshigh to the start ofthe sihe w ave is
about500ns, as shown In Figure 2. Es=evermlgenemtor
chipsar driven from the sam e clock, the SYNC input
allow s them to be phase synchronized to any valie.
Figure 3 gives an exam pk ofhow am icrocontroller can
be used w ith two M L2037s to genemte tw 0 she w aves
thatar 90°outofphase.

SHUTDOWN

The SHDN Inputprovidesam eansto pow erdow n the
analog secton and the intemalclock ofthe sine w ave
genemtor. W hen I the pow erdow n m ode the partw ill
dmw only 10UA ofinputcurnentand the outputw illgo to
zero approxin ately 500nsaflerthe SHDN pin goeshigh.
Sw irching the SHDN back to a Iow Evelallow s the she
w ave to resum e atthe lastprogram m ed frequency. The
dely from when the SHDN goes Iow to w hen the sine

w ave resum es s about200Us.The use ofthe pow erdow n
m ode allow spow erm anagem ent orporabl applications
or orgating the ntemal oscilbtor for bw noise
applications.

POWER SUPPLIES

The analog cirruiry in the device ispow errd from 5V
AVc) and is efernced to AGND .The digialcircuits in
the device can also pow ered from the sam e 5V supply
DVee ©®DGND). Eisecomm ended thatAGND and
DGND be connected togetherclse to the device and
have a good connection back to the pow er source.

 is rrcom m ended that the pow er supplies to the device
should be bypassed by placing decoup ling capaciors
from AViee 0 AGND and DV © DGND asphysially
close to the device aspossble.

SNYC
500ns 1ps

Figure 2. SYNC Pin Timing,.
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Figure 3. Synchronizing Two ML2037 Sine Wave Generators.
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PHYSICAL DIMENSIONS nches tn 1llim eters)
Package: P16
16-Pin PDIP

0.740 - 0.760
(18.79 - 19.31)

ol — 1 1 — — T

T

0.240 - 0.260 0.295 - 0.325
(6.09 - 6.61) (7.49 - 8.26)

l l

)PIN1 1D

ITI | SN [ SN Smm— i S—  —
0.02 MIN l J L_

©.50 MIN) 0.055 - 0.065 0.100 BSC
(4 PLACES) (1.40 - 1.65) (2.54 BSC)

0.015 MIN
(0.38 MIN)

!
"
7_f
I eoem SEATING PLANE w1z 00 ootz

0.125 MIN (0.40 - 0.56) (0.20 - 0.31)
(3.18 MIN)

0.170 MAX
(4.32 MAX)

Package: S16W
16-Pin Wide SOIC

0.400 - 0.414
(10.16 - 10.52)

EEBERAAAR

0.291 - 0.301 0.398 - 0.412
(7.39 - 7.65) (10.11 - 10.47)

O/—PINTID
gBBBEHEHEE

0.024 - 0.034 |l 0.050 BSC
—_—
(0.61 - 0.86) (1.27 BSC)
(4 PLACES) 0.095 - 0.107
(41-272)
-8 = \
S LR AW
f ol f f T T
0.090 - 0.094 0.012 - 0.020 0.005 - 0.013 0.022 - 0.042 0.009 - 0.013
m (0.30 - 0.51) SEATING PLANE m 0.56 - 1.07) m

8L Micro Linear 11



ML2037

ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
M L2037CP 0°C © 70°C l6PnPDP P16)
M I1L2037CS 0°C  70°C l6PIn W ide SO E1l6W )
M I12037F -40°C to 85°C l6PnPDP P16)
M 120375 —40°C © 85°C l6PInW de SO El6W )

©M icm Linear1998. m"m Linear isa registered tradem ark ofM icro LinearC orpomtion . A Lothertradem arksare the property o ftheirrespective ow ners.

Prmductsdescribed herinm ay be coversd by one orm ore ofthe ©lbw Ing U S.patents:4,897,611;4,964,026;5,027,116;5,281,862;5,283,483;5,418,502;
5,508,570;5,510,727;5,523,940;5,546,017;5,559,470;5,565,761;5,592,128;5,594,376;5,652,479; 5,661 427;5,663,874;5,672,959;5,689,167;5,714,897;
5,717,798;5,742,151;5,747,977;5,754,012;5,757,174;5,767,653;5,777,514 . Bpan:2,598,946;2,619,299; 2,704,176 .0 therpatentsar= pending .

M icw Linearreservesthe rightto m ake changesto any producthersh to In prove mrliability, finction ordesign.M iom Lineardoesnotassum e any liabiliy
arising outofthe application oruse ofany pmductdescribed heren, neitherdoes iftconvey any Iicenss underispatentrightnorthe rights ofothers. The cicuis
contained in thisdata sheetare offered as possiblk applicationsonly.M Xomw Linearm akesno w arantiesormpesentationsasto w hetherthe illistated cicuits
infringe any Ntellectual pmwperty rightso fothers, and w illacceptno responsibility orliability foruss ofany application hersin. The custom erisumged o consulk
w ith appmpriate kgalcounsslbefors deciding on a particularapplication .

2092 ConcourseD rive
San bs=, CA 95131
Tel: @08)433-5200
Fax: @08)432-0295

wWWw m icrolinearcom
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To receive a price quote or to request a
product sample, call or send e-mail to your
local representative.

When sending e-mail, be sure to include the
Micro Linear part number and whether you
want a price quote or a sample in the subject
line.

(i.e. subject: Sample request - ML part#xxxx)

Click here to find your local representative




