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General Description

The MAX121 is a complete, BICMOS, serial-output, sam-
pling 14-bit analog-to-digital converter (ADC) that com-
bines an an-chip track/hold and a low-drift, low-noise,
buried-zener voltage reference with fast conversion
speed and low power consumption. The throughput rate
is as high as 308k samples per second (ksps). The
full-scale analog input range is £5V.

The MAX121 utilizes the successive-approximation ar-
chitecture with a high-speed DAC to achieve both fast
conversion speeds and low-power operation. Operating
with +5V and -12V or -15V power supplies, power con-
sumption is only 210mWw.

The MAX121 can be directly interfaced to the serial port of
most popular digital-signal processors, and comes in
space-saving 16-pin DIP and SO and smaller 20-pin
SSOP packages. The MAX121 operates with TTL- and
CMOS-compatible clocks in the frequency range from
0.1MHz to 5.5MHz. All logic inputs and outputs are TTL-
and CMOS-compatible. This data sheet includes applica-
tion notes for easy interface to TMS320, uPD77230, and
ADSP2101 digital-signal processors, as well as pPs using
the Motorola SPI and QSPI interface standards.

Applications

Digital Signal Processing

Audio and Telecom Processing

Speech Recognition and Synthesis

DSP Servo Control

Spectrum Analysis

Functional Diagram
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Features

4 14-Bit Resolution
4 2.9us Conversion Time/308ksps Throughput
4 400ns Acquisition Time

4 Low Noise and Distortion:
78dB SINAD
-85dB THD

4 +5V Bipolar Input Range, Overvoltage
Tolerant to +15V

4 210mW Power Dissipation

¢ Continuous-Conversion Mode Available
¢ 30ppm/ C, -5V Internal Reference

4 Interfaces to DSP Processors

4 16-Pin DIP and SO Packages,
20-Pin SSOP Package

Ordering Information

PART TEMP.RANGE  PIN-PACKAGE
MAX121CPE 0'C1o+70°C 16 Plastic DIP
MAX121CWE 0'Cto +70°C 16 Wide SO
MAX 121CAP 0'C1o+70°C 20 SSOP™*
MAX121C/D 0'Cto+70°C Dice” ]

Ordering Information continued at end of data sheet.
* Contact faciory for dice specifications
" 20-pin SSOP is 50% smaller than 16-pin SOIC.

Pin Configurations

TOP VIEW

vss [ E MODE

Voo [ 2] 1] s

AIN E /NAXLAA E] CLKIN

VREF [Z MAX121 1:3] TONVET
AGND [ 5] 12] SCLK
INVCLK E E SDATA

INVFRM E E] FSTRT

DGND E 9] SFRM

DIP/SO

Pin Configurations continued at end of data sheet.

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1 -800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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ABSOLUTE MAXIMUM RATINGS

VopteDGND . ... .. -0.3V to +8Y Continuous Power Dissipation {Ta = +70°C)
VestoDGND .. .. ... .. . . L . +0WNto 17V 16-Pin Plastic DIP (derate 10.53mW/ C above +70°C) 842mwW
AINto AGND . ... . +15V 16-Pin Wide SO {derate 9.52mW/°C above +70°C) . .. 762mW
AGNDtWDGND ... .. .. .3V 20-Pin SSOP (derate 8.00mW/°C abave +70°CY .. .. 64Dmw
Digital Inputs to DGND ... ... ... ... 0.3V, (VoD + 0.3V) 18-Pin CERDIP {derate 10.00mW/°C abave +70°C) . . 800mwW

(C5, CONVET, MODOE, CLKIN, INVCLK, INVFRM) Operating Temperalure Ranges:

Digital Outputs 1o DGND - ... ... ... .. +0.3V, {Vpp + 0.3V) MAX121C__ ... .. 0°'Cle +70°C
{SFRM, FSTRT, SCLK, SDATA} MAXIZ1E _ ... e -40°C to +85°C
MAXIZIMIE ... .o -55°C 1o +125°C
Storage TemperatureRange . ......... ... -65"C 10 +160°C
Lead Temperature (soldering, 10sec} ... ........... +300°C

Siresses beyond those fisted under "Absoiute Maximum Ralings® may cause permanent damage lo the device. These are stress ratings only, and functionaf
operation of the device at thess or any other conditions bayond those indicated in the operafional sactions of the spaciffcations is not imphed, Exposure fo
absolule maximum rating condibions for extended periods may affect device refisbiiity.

ELECTRICAL CHARACTERISTICS

(VDD = 4.75V tn 5.25V, Vo5 = -10.8V ta -15.75V, MAX121C/E folk = 5.5MHz, MAX121M foLk = SMHz, Ta = Tavin to Tmax, unless
otherwise noted.}

PARAMETER |sYmBOL | CONDITIONS [ MmN TYP  MAX [UNITS
DYNAMIC PERFORMANCE (MAX121C/E: fs = 308kHz, AIN = 10Vp-p, 50kHz)
(MAX121M: fg 278kHz, AIN = 10Vp-p, 50kHz)
) . ) \ . MAX121C 75 78
Signal-te-Neise Ratio SINAD | Including distortion dB
MAX121EM 73 77
O , N ¥ ) MAX121C/E -85 77
Total Harmenic Distortion THD First five harmonics dB
MAX121M -83 -75
Sour Froe D <R SFOR MAX121C/E 77 86 oY)
- n
purious-Free Dynamic Range AKX 121M 76 o
ACCURACY
Resolution RES 14 Bits
Differential Nonlinearity (Note 1) DNL 12 bits no missing codes over temp. range 1.5 Lse
integral Nonlinearity INL +2 LsB
) Code 00..00 te 00. 01 transition, near AIN = OV 110 my
Bipalar Zero Error 5
Temperature drift +1 ppm{C
Including reference; adjusted for bipalar zero
Full-Scale Error (Notes 1. 2) error Ta = +25°C +0 2 %
Full-Scale Temperature Drift Excluding reference +1 ppm/C
Voo only, 5V £5% +1/2 2
Power-Supply Rejection Vssg only, -12V £10% +1 +2 LSA
Vgsonly, 15V +5% +1 +2
ANALOG INPUT
Input Range A -5 +5 Vv
Input Current AIN = 5V [Rin approximately 6ki2 to REF} 25 maA
Input Capacitance (Note 3} 10 pF
Full-Power Bandwidth 1.5 MHz

2 MAXIM
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ELECTRICAL CHARACTERISTICS (continued)

Voo = 4.75V to 5.25V, Ves = -10.8V 10 -15 75V, MAX1210/E fcLk = 5.5MHz, MAX121M fCi k = BMHz, TA = TMIN 10 Tmax, unless

stherwse noted. )

PARAMETER | svmBoL | CONDITIONS | MIN TYP MAX |UNITS
REFERENCE
Cutput Voltage No external load, AN = 5V, Ta = +25°C -5.02 -4.98 v
Externai Load Reguiation OmMA <[5k < 5mA, AIN = OV 5 my
Temperature Drift (Note 4) MAXIZEf 130 ppmyc
MAX121M +35
CONVERSION TIME
Synchronous toony 16101 K MAX1Z 14k 291 us
MAX121M 3.20
Clock Frequency foLk MAXIZILE A 22 1 e
| MAX121M 01 5.0
DIGITAL INPUTS (CLKIN, CONVST, CS)
Input High Voltage ViH 2.4 vV
input Low Voltage YiL .8 v

‘ Inpul Capacitance [Nate 3) 10 pF
Input Current VDD = 0V or Voo 15 A
DIGITAL OUTPUTS (SCLK, SDATA, FSTRT, SFRM)

Etpul Low Voltage VoL ISINK = 1.6mA ) 0.4 v
Output High Voltage VOH ISOURGE = 1TMA Voo-05 v
Leakage Current ILkG VouT =0V or VpD 15 [VE-
Cutput Capacitance (Nale 3) 10 | pF |
POWER REQUIREMENTS

| Positive Supply Voltage VDD By supply-rejection test 4.75 525 | v
Megative Supply Voltage V55 By supply-rejection test -10.8 -15.75 v
Positive Supply Current IDD \CJ%D:CSO?\?%ESJdB%?gUNN =0V, g 15 mA
Megative Supply Current 155 %:Z%isgoéﬁz TE\E{VALN =ov, 14 20 mé

| Power Dissipation e AT 213 315 mwW

Motz 1: These tests are performed at Vpp = +5V. Vss = -15V. Operation over supply is guaranteed by supply-rejection lests.
Note 2: Ideal full-scale transition is at +5V - 3/2L3B = +4.9991V. adjusted for offset arror.

Note 3; Guaranteed, not tested.

Mote 4: Temperature drift is defined as the change in output voltage from +25°C to Tnin or Tmax. [tis caloulated as

TC = (AVREFAREF)  AT.

MAXIM
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TIMING CHARACTERISTICS

(VDD = BV, Vg5 = -12¥ ar -15V, Ta = Tvin to Tmax, unless otherwise noted. ) {Note 5)

’ | Taz+25C MAX121C/E MAX121M
PARAMETER | SYMBOL | CONDITIONS UNITS
| MIN TYP MAX | MIN MAX MIN MAX

CONVST Fulse Width (Note 8) tow 20 30 35 ns
Data-Access Tima toa . CL = 50pF 25 an 6o 80 ns
Data-Hold Time toH 25 50 65 80 ns
CLKIN 1o SCLK ) {en) CL = 50pF 40 65 85 105 ns

| SCLK 1o SDATA Skew lsc | CL=50pF +65 +80 +100 ns
SCLK t0 SFAM or FSTRT Skew  tsc | L= S0pF +25 35 =40 ns
Acquisiton Time (Note 8) 140 400 400 400 ng
Aperture Delay tAP 10 ) ns
Aperture Jitter . 30 Ps
Clock Setup/Hold Time | icK : 10 50 10 50 10 50 ns

Note 5: Contral inputs specified with tr = tr = 5ns (10% to 90% of +5V) and timed from a2 voltage level of 1.6V. Qutput delays are
measured to +0.8V if going low, or +2.4V if going high. For a data-hold time. a change of 0.5V is measured. See Figures 4
and 5 for load circuits.

Note §: Guaranteed, but not tested.

Pin Description

PIN FUNCTION
NAME
DIR/SO | SSOP

1 1 Vss Negative Power Supply: -12V or -15Y

2 2 VDD Positive Power Supply: +5V

3 3 AlN Sampling Analog Input: 5V bipolar input range

4 4 VREF -5Y Retference Output. Bypass ta AGND with 22uF || 0.1uF.

4] 7 AGND Analog Ground

= B INVCLK | Invert Serial Clock. Connect to DGND to invert the SCLK output {relative to CLEKIN).
Invert Serial Frame. This input sets the polarity of the SFRM oulput as follows:

7 9 INVFRM If INVFRM = DGND, SFRM is high during a conversion.

If INVFRM = Voo, SFRM is low during a conversion.

8 10 DGND | Digital Ground

9 11 SFRM Serial Frame Qutput. Normally high (INVFRM = Vo), falls at the beginning of the conversion and rises
at the end (after 16 tcLk) signaling the end of a 16-bit frame.

10 12 FSTRT | Frame Start Output. High pulse that lasts one clock cycle, falling edge indicates that a valid MSB is available,

1 13 SDATA | Serial Data Qulput. MSEB [irst, twos-complement binary output cade,

15 14 SCLK Serial Clock Qulput. Same polarity as CLKIN if INVCLK = vop. inverted CLKIN if TNVCIK = DGND.
Note that SCLK runs whenevar CLKIN is active. N

13 17 CONVST ' Active-Low Convert Start Input. Conversions are initiated on falling edges

14 18 CLKIN  Clock Input. Supply a TTL-/CMOS-campatible clock fram 0.1MHz to 5.5MHz, 40%-60% duty cycle.

15 19 Ts Active-Low Chip-Select Input. T8 = DGND enables the three-state outputs. Alsa, if CONVST is law.
initiates a canversion on the falling edge of CS.

16 20 MODE Hardwire ta set operational mode:  Vpo: single conversions, DGND: continuous conversions

1%‘ 61‘6 N.C Na Connect — not intermzlly connacled.

MAXIMNM
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<:gune 1. MAX121 In the Simplest Operational Mode
ontinuous-Conversion Mode)

Detailed Description
ADC Operation

The MAX121 uses successive approximation and input
track/hold (T/H) circuitry to convert an analog signal to a
14-bit serial digital output code. The control icgic inter-
faces easily to most microprocessors (uPs) and digital-
signal processors (DSPs), requiring only a few passive
components for most applications. The T/H does not
require an external capacitor. Figure 1 shows the
MAX121 in its simplest operational configuration.

Analog input Track/Hoid

The Equivalent Input Circuit (Figure 2), illustrates the sampling
architecture of the ADC's analog comparator.  An internal
buffer charges the hold capacitor to minimize the required
acquisition time between conversions. The analog input
appears as a 6k(2 resistor in parallel with a 10pF capacitor.

Between conversions, the buffer input is connected to AIN
through the inpLt resistance. When a conversion starts, the
bufferinputis disconnected from AIN, thus sampling theinput.
At the end of the conversion, the buffer input is reconnected
to AN, and the hold capacitor tracks the input voltage.

The T/H is in its tracking mode whenever a conversion is
not in progress. Hold mode starts approximately 10ns
after a conversion is initiated (aperture delay). The vari-
ation in this delay from one conversion to the next (aper-
ture jitter) is typically 30ps. Figures 7-9 detail the
track/hold mode and interface timing for the three differ-
ent interface modes.

MAXIMN

COMPARATOR
A 3k TRACK BUFFER C%}lﬁD
VREF CswiTCH
T 2F
i SAR
Figure 2. Equivalent Input Circuit
internal Reference

The MAX121 -5.00V buried-zener reference biases the
internal DAC. The reference output is available at the
VREF pin and must be bypassed to the AGND pin with
a 0.1pF ceramic capacitor in parallel with a 22pF or
greater electrolytic capacitor. The electrolytic
capacitor’s equivalent series resistance (ESR) must be
100mQ or less to properly compensate the reference
oulput buffer. Sanyo’s organic semiconductor capaci-
tors work well; telephone and FAX numbers are pro-
vided below.

Sanyo Video Components (USA)
Phone: (619) 661-6835
FAX: (619) 661-1055

Sanyo Electric Company, LTD. (Japan)
Phone: 0720-70-1005
FAX: 0720-70-1174

Sanyo Fisher Vertriebs GmbH (Germany)
Phone: 06102-27041, ext. 44
FAX: 06102-27045

Proper bypassing minimizes reference noisé and main-
tains a low impedance at high frequencies. The internal-
reference output buffer can sink up to 5mA from an
external load.

An external reference voltage can be used to overdrive
the MAX121’s internal reference, if the external refer-
ence lies within the range from -5.05V to -5.10V. The
external reference must be capable of sinking a mini-
mum of 5mA. The external VREF bypass capacitors are
still required.

ICIEXVNN
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cs
oA
SDATA. SCLK,
SFRM « FSTRT gy —N——
— T QUTPUTSENABLED
IMPEDANCE IMPEDANCE

Figure 3. Data-Access + Data-Hold Timing

External Clock

The MAX121 requires a TTL-/CMOS-compatible clock
for proper operation. The MAX121 accepts clocks in
the frequency range from 0.1MHz to 5.5MHz when
operating in mode 1 or mode 2 (see Operating Modes
section). To satisfy the 400ns acquisition-time require-
ment with 2 clock cycles, the maximum clock frequency
is limited to 5MHz when operating in mode 3 (continu-
ous-conversion mode). The minimum clock frequency
in all modes is limited to 0. 1MHz due to the droop rate
of the internal T/H.

Output Data Format

The conversion result is output as a 16-bit serial data
stream, starting with the 14 data bits (MSB first) followed
by 2 trailing zeros. The format of the output data is
twos-complement binary. Data is clocked out of the
SDATA pin on the rising edge of CLKIN.

The output data can be framed using either the FSTRT or
the SFRM output. FSTRT (normally low) goes high for 1
clock cycle preceding the MSB. A falling edge on FSTRT
indicates that the MSB is available on the SDATA output.

The SFRM output (normally high when INVFRM = Vpp)
goes low coincident with the MSB appearing at the
SDATA pin. SFRM returns high 16 clock cycles later. The
polarity of SFRM can be inverted by tying the INVFRM
input to DGND. A minimum of 18 clock cycles per
conversion is required to obtain a valid SFRM output.

See Figure 3 for the data-access and data-hold timing
diagram if several devices share the serial bus. The
equivalent load circuits for data-access and data-hold
timing are shown in Figures 4 and 5.

Digital Interface

The MAX121 serial interface is compatible with SPI and
QSPI serial interfaces. In addition, two framing signals
(FSTRT and SFRM) are provided to allow the MAX121 to
easily interface to most digital-signal processors (DSP)

6

+5V

SERIAL
QUTPUTS

SERIAL
QUTPUTS

— O CL

— DGND = — DGND

a. High-Z to YoH (tpa) b, High-Z to Vol (toa)

Figure 4. Load Circuits for Data-Access Time

+5V

é 3k
SERIAL SERIAL

QUTPUTS : f OUTPUTS — —®———
3 I 10pF = 10pF

= DGND = DGND

3. VoH 1o High-Z (toH) b. VoL to High-Z (tor)

Figure 5. Load Circuits for Data-Hold Time

ENABLE DIGITAL
OUTPUTS

-

START

Int CONVERSION

ADC
CONVST _/ Q BUSY

Figure 6. Conversion Control Logic

with no external glue logic. The INVCLK input inverts the
phase of SCLK relative to CLKIN, and the INVFRM input
inverts the phase of the SFRM output. These control
signals allow the MAX121 to directly interface to devices
with many different serial-interface standards. Specific
information for interfacing the MAX121 with SPI, QSPI and
several DSP devices is included in the Applications infor-
mation section.
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Timing and Control

The MAX121 has 3 possible modes of operation, as
outlined in the timing diagrams of Figures 7-9 and dis-
cussed in the Operating Modes section.

In Mode 1, the CONVST input is used to control the start
of the conversion. Mode 1 is intended for DSP and other
applications where the analog input must be sampled at
a precise instant in time.

In Mode 2, the CS input controls the start of the conver-
sion. This mode is useful when several devices are
multiplexed on the same serial data bus, since the
MAX121 outputs are placed in a high-impedance state
when CS is pulled high.

Mode 3 is the continuous-conversion mode. This mode
is intended for data logging and similiar applications
where the MAX121 is directly linked to memory through a
first-inffirst-out (FIFQ) buffer or a direct memory access
(DMA) port.

In all three operating modes, the start of conversion is
contralled by either the CS or the CONVST input. Both of
these inputs must be low for a conversion to take place.
Figure 6 shows the logic equivalent for the conversion
circuitry. Once the conversion is in progress, it cannot be
restarted.

and 78dB SINAD

Operating Modes

Mode 1: CONVST Controls Conversion
Starts (MODE = Vpp, CS = DGND)

Figure 7 shows the timing diagram for mode 1. In this
mode, conversion start operations are controlled by the
CONVST input.

A falling edge on the CONVST input places the T/H into
the hold mode and starts a conversion in the successive-
approximation register (SAR). The FSTRT (normally low)
output goes high on the next rising clock edge and
remains high for one clock cycle. On the next rising clock
edge, FSTRT goes low and the SFRM output goes low
(INVFRM = VpD), indicating that the MSB is ready to be
latched. SFRM remains high for 16 clock cycles (14 data
bits plus 2 trailing zeros).

The T/H amplifier returns to the track mode when the 14th
bit (D0O) is clocked out of the SDATA pin. A new conver-
sion can be initiated by the CONVST input after the 400ns
minimum acquisition time has been satisfied.

CS must be low to start a conversion. In applications
where the MAX121 interfaces with a dedicated serial port,
CS can be hardwired to DGND. To interface the MAX121
to a multiplexed serial bus, CS can be externally driven
low to enable conversions, or driven high to place the
serial outputs into a high-impedance state.

CONVST

L

f— fow ——

__ SHAM - —
{INVFRM = VD)

CLKIN jL/—\ /T\_W/T\_/ W\ 15 wﬁ*\_ﬁt

FSTRT

___ SCLK 1 13 14 15 16* 17"
(INVCLK = Vop) ( ‘ )

RO SR
HOLD q .
" TRACK J ‘
.l e e g ———>

* THESE CLOCK CYCLES MAY BE OMITTED IF THE SFRM SIGNAL IS NOT NEEDED

Figure 7. CONVST Controls Conversion Starts (Mode 1)
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Mode 2: CS Controls Conversion Starts
{MODE = Vop, CONVST = DGND)

Figura 8 shows the timing diagram for mode 2. In
mode 2, CS controls the cenversion start and enables
the serial output pins. Mode 2 is useful in applica-
tions where the MAX121 shares the output data bus
with other devices. When CS is driven high. the
MAX121 is disabled and its serial outputs (SCLK,
SDATA, SFRM and FSTRT) are placed into a high-im-
pedance state.

Afalling edge on the CS input places the T/H into the held
mode and starts a conversionin the SAR. The FSTRT and
SFRM outputs can be used to frame the output data as
described in the mode 1 section. CS must remain law for
the duration of the conversion.

Tha T/H amplifier returns to the track mode when the 14th
bit {00) is clocked out of the SDATA pin. A new conver-
sion can be initiated by the CS input after the 400ns
acquisition time has been satisfied.

Mode 3: Continuous-Conversion Mode
(CONVST = CS = MODE = DGND)

For applications that do not require precise control of
sampling in time, such ag data logging, the MAX121 can
operate in continuous-conversion mode, directly linked
ta memory thraugh DMA ports ar a FIFO buffer,

in this mode, conversions are performed continuously
at the rate of one conversion for every 16 clock cycles,
which includes 2 clock cycles for the T/H acquisition
time. To satisfy the 400ns minimum acquisiticn-time
requirement within 2 clock cycles, the MAX121's maxi-
mum clack frequency is limited to SMHz when operating
in mode 3.

The FSTRT output is used tc frame data, as described in
the mede 1 section and the mode 3 timing diagram
{Figure 2}. The SFRM output is meaningless in mode 3,
since it will not change state.

The MCDE input should be hardwired to DGND, since
this input must be low when the MAX121 powsrs up for
proper operation of mode 3. To disable conversions,
drive CONVST high. To put the serial outputs into a
high-impedance state, drive C3 high.

—

SCLK HGH -
{ NYCLK = vnnd  IMPEDANGE

CC

5
I AV a 13 /14 SR ; AT NN
CLKIN \ \ , ﬂ FALERN
AN VA VA TN AN
SFRM HGH| — T\ \_HIGH
{NVFRM = VOT)  pPEDANCE| L TMPEDANCE
HiGH W HIGH
FSIH W ipEpANGE |/ N ./ IMPEGANCE

VT AT AT JT7 HiGH
v 1, IMPEDANCE

HIGH s HIGH
SDATA \\peDARTE s i, DE,-\ D1 XNNEE \ /TMPEDANCE
HOLD i
TH J R
TRACK —
] tap

* THESE GLOCK CYGLES MAY BE OMITTED IF THE SFRM SIGNAL IS NOT NEEDED

Figure 8. CS Controls Conversion Starts (Mode 2)
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Applications Information
Initialization Afier Power-Up

Upan power-up, the first conversion of the MAX121 will
be valid if the following conditions are met:

1) Allow 16 clock cycles for the internal T/H to enter
the track mode. plus & minimum of 400ns in the
track mode for the data-acquisition time.

2) Make sure the reference voltage has settled.
Allow 0.5ms for each 1uF of reference bypass
capacitance {(11ms for a 22pF capacitar).

Clock and Control Synchronization

If the clock and conversion start inputs {CONVST or CS -
see Qperaling Modes section) are not synchronized, the
canversion time can vary from 15 to 16 clock cycles. The
SAR always changes state on the rising edge of the
CLKIN input. To ensure a fixed conversion time, refer to
Figure 10 and the following guidelines:

For a conversion time of 15 clock cyclas, tha conversion
start input(s) should go low at least 50ns before the next
rising edge of CLKIN. For a canversion time of 16 clock
cycles, the conversion start input{s) should go low within

and 78dB SINAD

10ns of the next rising edge of CLKIN. If the conversion
start input{s) go low from 10ns to 50ns before the next
rising edge of CLKIN, the number of clock cycles re-
quired is undefined and can be either 15 or 16. For best
analog performance, the conversion start inputs must be
synchronized with CLKIN.

CONVST 0 05 —————,
N~ - A\ NV
\L—lclﬂj
CLKIN

THE TIMING RELATIONSHIP BETWEEN CLEIN AND CONVST OR C5 DETERMINES IF A
CLOCK CYCLE SLIPS OR NOT. USE THE FOLLOWING RULES:

IF tok < 10ns, CONVERSION TIME = 16 CLOCK EDGES

IF 12K = 50ns, COMVERSION TIME = 15 CLOCK ED

IF 10ns < tox < 5ins, CONVERSION TIME 13 \NDHEHMINATE {12 0R16)

Figure 10, Clock and Coniral Synchronization

CLKN 7

Ha A\ \—T\ /q—\uﬁj’T\\_—/1 4y \—_/T \—/T\%/N—L

-" kY "/ ."..
FSTRT e 4 \
_ SCLK S5 Y /8 \'-. i / 13 \: / L / 15 JT A1 \
TRVCTR = o) AN N N ST NN \__/

SIATASB N ’,-/ MSB » 02 \}<

HOLD
TH
TRACK

Figure 9. Continuous-Conversion Mods (Mode 3)
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Maximum Clock Rate for Serial Interface

The maximum serial clock rate depends upon the mini-
mum setup time required by the receiving processor's
serial data input and the ADC's maximum clock-to-data
delay. The MAX121 allows two fundamentally different
methods of clocking data into the processer. In the first
clocking method, CLKIN is both the input clock to the
MAX121 and the serial clock for the processor. With the
second method, CLKIN is the input clock far the MAX121
while SCLK is the serial clock far shifting data into the
processor. (See Figure 11.)

The first method would generally be used with simple
serial-interface standards (such as SP1) where the processor
does not support asynchronous data transfers. The
maximum ¢lock-to-data delay would be tCp + tsC. For
this case, calculate the maximum serial clock rate with
the following farmula:

foLkin = (1/2) % 1£tSU + oD + tsC)

where tsU is the minimum dala setup time reguired at the
processor serial data input, tCD is the maximum CLKIN-
to-SCLK delay of the MAX121, and tsg is the maximum
SCLK-to-SDATA delay for the MAX121.

The second type of interface is intended for applications
where the processor supports asynchronous data trans-
fers., The SCLK output of the MAX121 drives the senal
clock of the pracessor. eliminating the tCD term from the
above equation and allowing the use of faster clocks. For
this case, calculate the maximum serial clock rate with the
following formula:

foLkin = (1/2) x 1/{tsuU + tsc)
where the variables are as defined above.

Motorola SPI Serial Interface
{CPOL = 0, CPHA = 1)

Figure 13 shows the MAX121 and processor interface
connections required to support the SPI stancard. Fig-
ure 12 shows the SPI interface liming diagram. For SPI
interfaces, the processor 55 input should be pulled
high, to configure the processor as the master. An /Q
port from the processor drives the MAX121 CONVST
(mode 1) or CS {mode 2) low to control the conversion
starts. The SCK output of the processor will drive the
CLKIN of the MAX121. The MISC I/O of the processor
is driven by the SDATA output of the MAX121.

The SPI standard requires that all daia transfers
oceur in blocks of 8 bits, but the MAX 121 outputs
data in 16-bit blocks. Therefore, two 1-byte read
operalions are required to receive the full 14 data
bits from the MAX121.

A conversion is intiated by driving the processor 1O port
low. Mext. a write operation must be perfermed by the
processor to activate the serial clock and read the first 8
bits of data from the MAX121.

The MAX121 output data transitions on the rising edge of
the clock. The processor reads data on the falling edge
of the clock {CPHA = 1), This provides one half clock
cycie to satisfy the minimum setup and hald time require-
ment of the processor data input. The maximum clock
rate for SPI interfaces is 2MHz.

CLKIN

[INVCLK = ‘-’)DI

SDATA FgTRT

* 155 CANBE POSITIVE CR NEGATIVE

Figure 11, Timing Diagram for Serial Data
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The first byle of data read by the processor will consist of
a leading zero followed by the 7 MSBs of data. A second
write operation should then beinitiated to read the second

308ksps ADC with DSP Interface
and 78dB SINAD

+
o
=

byte of data, which contains the 7 LSBs of conversion data o
followed by a trailing zero. To minimize errors due to } 10 CONVS
droop of the MAX121 internal T/H, limit the maximum time > PROCESSOR moom oo
delay between the conversion start and the end of the L e Max121
second read operation 1o no more than 160us. A Sk CLERIN  INVERM
Motorola QSPI Serlal Interface GPoL -0 .
{(CPOL = 0, CPHA = 1) CPHA =1 MISO [ SDATA i

Figure 14 shows the cannections required to implement
a QSP| interface with the MAX121. The timing diagram
for this interface is shown in Figure 15, The QSP!
standard is similiar to SPI. with the primary differences

as follows:

1) QSPI allows arbitrary length data transfers from 8
to 16 bits, so only one read operaticn is required

=2
[}
=
o

Figure 13, SP1 Interface Crrowit

to receive the 14 bits of output data from the +5Y
MAX121, 1 0 L
o 05 ——»d TONVST
2) GSPI allows clock rates up to 4MHz, compared to > PROCESSOR  pamON
2MHz with SPI. (]’— MAX127  INVERM
ADSP2101 Serial Interface R SRV LU CNVELK |2
Figure 16 shows the connections required to interface the CPOL =0 | g
MAX121 to Analog Devices’ ADSP2101 DSP. Figure 17 CPHA -1 M50 "7 SDATA
is a plot of the timing diagram. The ABSP2101 has a Le\N | o\
high-speed serial interface with a minimum serial data DGND
setup time of 10ns {t5¢s) and a minimum data-hold time
of 10ns (15cH). This interface permits operation of the
MAX121 at its maximum clock rate of 5§ 5MHz. Figure 14 Q8P Interface Circuit
o ISTEYTEREAD 2D BYTE READ -

J S
s — 1N

73

W AW AN I N AN AN AW A A AV AY N

S — 77T

LEADING

Tt T T T

TRAILING

SDATA

ZERC [ MSB W D1z X D11 X D6 % 08 X D8 ¥ O7

W DR X 05 X 04 ¥ D5 ¥ D2 ¥ D1 X LSB Yy 7RO

Figure 12, SPI Interface Timing Diagram

MAXIMN
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CLKN T N2 AN B8N T NN N A0 AT NN 818N

CONVST T i T [T 77 T T 7T T T T 7 T T T T T 7 7 i T T T i Z i 7 7 T T T 777

LEADING N \ ’ ‘ . ’ ) ‘ . TRALING
e JRRO. S mse Y D12 X DI X D0 Y D8 W D8 ¥ 07 ¥ 06 ¥ D5 X 04 X D3 X D2 ¥ D1 Y LSB N\ ZERD

Figure 15. QISP Inlerface Timing Diagram

An output port of the ADSP2101 drives the MAX121 45y

CONVST input low to initiate a conversion. The SFRM p—— — ‘T

output of the MAX121 drives the RFS (Receive Frame OMSORPMS —ud CONVST

Synchronization) input to the DSP low to indicate that the LK - o

MSB has been shifted out of the MAX121 SDATA pin. On ADSP2101 MAXILN

the next falling edge cn SCLK, the MSB is shifted into the RFS ~a—] sFAM MAXT27

ADSP2101 serial input. Note that the MAX121 INVFRM input

is grounded 1o pravide the proper phase for the SFRM output. OR 4§ SDATA e 1=
CLEIN s j

The SCLK terminal of the ADSP2101 is configured as an ! NS

input and is driven by the MAX121 SCLK output to clock 05C | 01MHz<F <55MHz —

data into the DSP. The SFRM gutput remains low for 16 -

clock cycles, allowing the 14 data bits to be shifted into

the ADSP2101, followed oy 2 trailing zeros. Figure 16. ADSP2101 to MAX 121 Interface
o\ STTTITTTTTTTT I \_
ORCLK f%g —»/—\_//_\ ’/1— ", 2—\ &, . ,-"'/14 \.\_;_,-‘JIS \‘—15 _’/ RFAAN A\

SFRM
(INVFRM =GN

SDATA

Figure 17. ADSP2101 Interface Timing Diagram
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5 SDATA INVFRM ﬁ
SICK - —F 5CLK INVCLE

AN
SIEN —] srEm MAXTZT

P2 ——md COWVET

WPD77230

—d CLKIN €s

DGND
05t

Figure 18 NEC uPD77230 interface Circuit

NEC PD77230 Serial Inlerface

Figure 18 shows the connections required to interface the
MAX121 ta NEC's uPD?77230 DSP without external glue
logic. The timing diagramis shown in Figure 19. Seethe
Maximum Clock Rate for Serial Interface section to deter-
mine the maximum usable clock rate for this interface,
substituting tsiss for tsu in the equations. The tHSSI term
in the timing diagram is the minimum data-hold time for
the uPO77230’s serial data input,

An /O part of the uPD77230 drives the MAX121 CONVST
pinlow toinitiate a conversicn. The MAX121 SFRM output
drives tha SIEN (Serial Input Enable) terminal of the DSP
low ta frame the data. On the next falling edge of SCLK,
the MSB is shifted into the SI (Serial Input) pin of the
uPL77230. SDATA drives the 5l terminal of the DSP. The
MSEB is followed by the other 13 data bits and two trailing
zeros, after which the SFRM output returns high to disable
the DSP serial input until the next conversion is initiatea.

TMS5320 High-Speed Serial Interface

The flexibility of the MAX121 permits the implementation
of a vanely of interfaces with the Texas Instruments
TMS320 DSP. The TMS320 Simple Serial Interface sec-
tion of this data sheet discusses the simplest type of
MAX121-t0-TMS320 interface, which works with serial
clock rates up to 3.2MHz.

Thig section describes an interface that allows the maxi-
mum throughput to be obtained from the
MAX121/TM3320 system, by operating tha MAX121 atits

MAXIMN

and 78dB SINAD

maximum clock. Figure 20 shows the interconnections
required to implement this interface. Figure 21 is the
timing diagram for this interface.

The MAX121 CLKIN is driven by an external clock oscil-
lator. The XFQ 1/O port of the TMS332C drives the MAX 121
COMVST input low to initiate a conversion. CLKR {Re-
ceive Clock) of the TMS320 is configured as an input and
driven by the MAX121 SCLK output. Data on the MAX 121
SDATA output changes state on the rising edge of the
clock, while data is latched into the DR input of the
TMS320 on the falling edge. This provides onea half clock
cycle to meet the setup and hold time requirements of the
TMS320 DR input. The maximum skew between the
MAX121 SCLK and SDATA is 485ns at +25°C, so one half
clock cycle is more than sufficient 1o guarantee that the
setup and hold time requirement is satisfied.

The FSTRT output of the MAX121 drives the FSR input of
the TMS320 to frame the data. Afalling edge onthe FSTRT
output indicates that the MSB is ready to be latched. On
the next faling clock edge, the MSB is latched into the
TMS320. For this interface, the TMS320 is configured to
receive a 16-bit word (RLEN = 01 in the TMS320 serial-port
global control register) so the 14 bits of data are clocked
inta the DSP, followed by twa trailing zeres.

TMS5320 Simple Serial Interface

Figure 22 shows an application circuit using the simplest
interface between the MAX121 and the TMS320. The
timing diagram for this circuit is shown in Figure 23.

In this circuit, the CLKR port of the TMS320 is configured
as a clock output and drives the CLKIN of the MAX121.
The MAX121 output changes state on the rising edge of
the CLKIN, while the data is laiched into the DR port of
the TMS320 on the falling edge. The XF1 /O port of the
TMS320 drives the MAX 121 CONVST input low to initiate
a conversion. The FSTRT oputput of the MAX121 drives
the FSR input of the TMS320 to frame the data. Afalling
adge on the FSTAT outputindicates that the M38 is ready
to be latched. On the next falling clock edge, the MSB is
latched into the TMS320. For this interface, the TMS320
is configured to receive a 16-hit word (RLEN = 01 in the
TMS320 serial-port global control register) 5o the 14 bits
of data are clocked inta the D3P, followed by two trailing
zeros. At TA = +25°C, the clock frequancy is limited to
approximately 3.2MHz with this interface, due 1o the
CLKIN-to-SDATA maximum delay of 130ns and the 25ns
setup and hold time regquirement for the TMS32G,
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CONvST S 1S44I edis 74
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INVFRM 55»’?3‘
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\ 5
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i 5
SDATA MSE b2 D X L
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Figure 18 NEC uPD77230 interface Timing Diagram

AF CONVST  TNVFRM %
cLkn [ SCLK WCKf——
TM3320 mMmaxm
oR [ SpATA MAXIZT
FSR FSTRT
CLKIN sh—

0SC | DOMHz<F < 55Mhz DG

Figure 20.  TMS320 High-Speed Serial-interface Circuit

Figure 24 is a listing of a short program written in the
TMS320 assembly {anguage that initiates conversians in
the TMS320 and ships the output data back to the host
FC. The Clanguage program listed in Figure 25 displays
the results of every 30,000th conversion onthe PC screen,
along with the min and max values for all conversions
performed during one operating sequence.

Digital Bus/Clock Noise

If the clock is active when the T/H is sampling the input
signal, errors can be caused by coupling from the CLKIN
pin to the analog input.  If this is a problem, the clock

14

sheuld be disabled for one clock cycle while the T/H is
placed into hold mode. In mode 1, the clock should be
disabled (CLKIN = DGND) for one cycle while CONVST
is pulsed low. In mode 2, the clock should be disabled
(CLKIN = DGND) for one clock cycle while CS is driven
low. The clock should be re-activated on the first cycle
after the conversion is started (CONVST cr CS pulsed
low).

Layout, Grounding and Bypassing

For best system performance, use printed circuit boards
with separate anzlog and digital ground planes. Wire-
wrap boards are not recommended. The two ground
planes should be tied togsther at the low-impedance
power-supply source, as shown in Figure 26.

The board layout should ensure that digital and analog
signal lines are kept separate, as much as possible. Take
care not to run analog and digital (especially clock) lines
parallei to one anather.

The high-speed comparator in the ADC is sepsitive to
high-frequency noise Inthe VDD and Vss power supplies.
Bypass these supplies to the analog-ground plane with
0.1uF and 10uF bypass capacitars. Keep capacitor
leads at a minimum length for best supply-noise rejection.
If the +5V power supply is very noisy, a 542 resistor can
be connected, as shown in Figure 26, to filter this noise.
Figure 27 shows the negative power supply (Vs8) rejec-
tion vs. frequency. Figure 28 shows the positive power-
supply (VDD) rejection vs. frequency, with and without the
optional 50 resistor.
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FSTRT / \
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Figure 21 TMS320 High-Speed Serial-Interface Timing Ciagrarm

+9V

X comver  NVPRM

CLKR CLKIN INVGLK

TMS320 AMAMLAA
DR spata MAXIZ!

FSR g FSTRT _

s

1 DGND

Figure 22.  TMS320 Simple Serial-interface Circuit

Dynamic Performance

High-speed sampling capability and 308kHz throughput
make the MAX 121 ideal for wideband signal processing.
To support these and other related applications, FFT (Fast
Fourier Transfarm) test techniques are used to guarantee
the ADC’s dynamic frequency response, distortion, and
noise at the rated throughput. Specifically, this involves
applying a low-distortion sinewave to the ADC input and
recording the digitai conversion results for a specified
time. The data is then analyzed using an FFT algorithm,
which determines its spectral content. Conversion errors
are then seen as spectral elements outside of the funda-
mental input frequency.

MAXIMN

A/D converlers have traditionally been evaluated by
specifications such as Zerc and Full-Scale Error, Integral
Nonlinearity (INL), and Differential Nonlinearity (DNL).
Such parameters are widely accepted for specifying per-
formance with DC and slowly varying signals, but are less
useful in signal processing applications whera the ADC's
impact on the system transfer function is the main cancern.
The significance of varicus DC errors does nottranslate well
to the dynamic case, so different tests are required.

Signal-to-Noise Ratio and
Effective Number of Bils

The signal-to-noise plus distortion ratio (SINAD) is the
ratio of the fundamental input frequency's RMS amplitude
to the RMS ampilitude of all other ADC output signals. The
output band is limited to frequencies above DC and
below one-half the ADC sample (conversion) rate.

The thegretical minimum ADC neise is caused by quan-
tization efror and is a direct result of the ADC’s resolution:
SINAD = (6.02M + 1.78)dB, where N is the number of bits
of resolution. A perfect 14-bit ADC can, therefare, do no
better than 86dB. An FFT plot of the output shows the
output level in various spectral bands. Figure 29 shows
the: result of sampling a pure 50kHz sinusoid at a 300kHz
rate with the MAX121.

By transposing the equation that converts resolution ta
SIMAD, we can, from the measured SINAD, determine the
effective resolution {effective number of bits} thatthe ADC
provides: N = {SINAD - 1.76)/6.02. Figure 3C shows the
effective number of bits as a function of the input fre-
quency for the MAX121.
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Figure 23, TMS320 Simple Serfal-interface Timmg Dragram

1 SRR SRR RSN NS SN S S S S R S S D R S E N R S N R R R N
s Project: Maxim 121 to TI TMS320C30 Application Note
N File: maximti.asm
5 Purpose: This file contains the code that is loaded onto the
i TMS320C30 Evaluation Module (EVM}. It’s purpose is to
H collect digitized samples from the Maxim 121 ADC at a
- regular rate and ship those values to the PC.
S Tabstops: €
- $Log:$
Vi Edit History:
B Date By Description
¥ 09/24/92 KHB Initial Creation

..........................................................................

Figure 24.  TMS320 Assembly Language Program te Controf Corversions Using the TMS320 Simple Serial-nterface
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N I I 1 S - S S R S S R S R N R S R S R R F R R R
.global maxim
.global wailt sample
.global wait_loop
.global next_sample
.global IOF_MASK_AMASK
.global IOF SET_XF1
.global IOR_RESET_XF1
.global CTRL
.glocbal SERGLOB1
.global SERPRTX1
.glcbal SERPRTER1
-glchal SERTIM1
-global SERTIM1VAL
.glcbal HOST_DATA
PiaririsirrriiiiiiciiiiaasiilAtalicisiiiiiiiiRiiiisiiiiiiiiiiiiiiaiiinii
data
IOF_AMASK .word 0Q0C0QEH ; Preserve XF0 settings
IOF_SET_XF1 ~ward 0000060H : Set XFl1 as output high
IOF_RESET_XF1 .word  0000020H ; Set XFl as cutput low
CTRL .ward 08080Q0H ; Polnter to peripheral-bus memory map
SERGLOB1 .word 8120280H ; Setup serlal 1 glecbal centrol (88)
; Use internal receive clock
; FSR active during entire transfer
; 16-blt rcv data length
: FSR active low
; Take rcvr out of reset
SERPRTX1 .word Q0000Q0H ; Setup serial 1 xmt port control (82)
SERPRTR1 .word 0000111H ; Setup serial 1 rcv port control (B3)
; CLKR1 = serial port pin
; DRl = serial port pin
; FSR1 = serial poért pin
SERTIM1 .word 00003COH ; Setup serial 1 timer control (84)
; Start rcv timer, 50% duty cycle,
: internal ¢lk src = 1/2 CLKQUT is
: used to increment rcvr timer.
SERTIMLVAL word 00020000H ; Timer period values RX and TX
; Revr timer is high order lé6-bits
; (CLKOUT/2)/2 =
; 1.875Mhz CLKR1->MAX121 CLKIN
HOST_DATA .word 0C804000H ; Memory address of host data port

Figure 24.  TMS320 Assembly Language Program to Control Conversions Using the TMS320 Simple Seral-Interface (continued)
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Jext

maxim

)

; Initialization Code

LDI
LDId
LDI

LbI
5TI
LDI
S5TI
LbhI
STI
LDI
5TI
LDI
STI

next_sanp.e:

'

.
r

;
- gtart Conversion -->

0.8T ;
128,0DP H
0985CH,SF :

10F,R1
@IOF_AMASK,R1
@IOF_SET_XF1,Rl
R1l, IOF

[ Y

e

QCTRL, ARO ;
@HOST_DATA ARl

@SERTIM1VAL,RO
RO, *+AR0(86) ;
@SERGLOBL,RO
RO, *+AR0 (80}
@SERPRTX1,RO
RO,*+AR0(82) :
QSERPRTRL,RO

RO, *+ARD(83) H
@SERTIM1,R0
RO,*+AR0(84) H

.

Initialize status register

Initialize data page register

Initialize stack pointer

Read in I/0 Flags register to Rl

Remove current XFl bits, preserve XF{Q settings
Set AF1 (CONVST*} Inactive ({high)

Make it so!

Load ARO w/ptr to control reg base
Load ARl w/host interface address
Setup serial chl timer pericd value
Setup serial chl global reglster
Setup serial chl =xmt contrel register
Setup sarial chl rcv control register

Setup serial chl timer register

17 (CONVST¥)

IOF,R1
@IOF_AMASK,R1
@IOF_SET_XF1,RlL
R1,IOF

AL TIE T TS

@IOF AMASK,RL
@IOF_RESET_XF1,R1
R1,IOF

Read in I/0 Flags register to Rl

Remove current XFl1 bilts, preserve XFO0 settings
Set XF1 (CONVST*) Inactive (high)

Make it so!

Remove current XFl1 blts, preserve XFO
Set XFl (CONVST*) Active (low)
; Make 1t s0!

Figure 24, TMS320 Assembly Language Frogram to Contral Conversions Using the TMS320 Simple Senal-interface (continued)
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wait_sample:

LDI
AND

BZ

LDI
STI

LDI
wait_loop:

SUBI

BN2Z

BR

is ready to start.

*+AR0(80),R2 ;
0l1H,R2 ;

wait_sample

*+AR0(92),R3 ;
R3,*+AR1(0) ;

; Arbitrary wait time until start

100,R0

1,R0

wait_loop ;
@next_sample :
.end

; Wait for completion of conversion
; MAX121 SFRM Active Signals TMS320 FSR1 that data transfer

Read in Serial Ch 1 global register
Check for RRDY Active (1)

; RRDY goes active when 16-bits have been rcvd

Keep waiting if not ready

Ready, read value from Data Receive register
Send out value to host

cof next convert.

Keep waiting until RO decremented to zero

Go start next convert

...............................................................................

T A R R A A A A A A e A A A A A N R N N N RN NN NN

...............................................................................

L A A A A A A A N N N N N A A R A A A A A AT A B A A O A A A 4

Figure 24.  TMS320 Assembly Language Program to Control Conversions Using the TMS320 Simple Serial-interface (continued)
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FAS RS R R AR S 2RSSR s st R e st i ettt ittt ] L

* %
x* %
* ok
* %
3]
*k
ook
¥k
* ok
X
* %
*k
**
* &
* &
* &
*
* ¥
&k
* %
* %
%
b
d ok
L&
* %
*x %

LR EEELLELLEELELLEELEELELEELELEERELELELES LR ELE AL LS NS N

#include <stdio.h> /* for printf{) */
#include <conio.h> /* for kbhit(), getch(), and inpw() */

#define VERSION_STAMP 1

vold
main{void}

{

Project: Maxim 121 to TI TMS3I20C30 Application Note

File: readdata.c

Purpose: This file contains a PC based program used to read data
from the TMS320C30 Evaluation Module (EVM) and display
the data on the PC screen.

This file may be compiled with either the Microsoft C
Compiler cor Borland C++ Compiler.

Tabstops: 4

§Log:§

Edit History:
Date By Description
09/24/92  KHB  Initial Creation

int x;

int value;

int quit = Q;

int min = 32767
int mak = -32768;

printf{*\n"};
printf({"TMS320 EVM Data Display Program - Version %d\n", VERSION STAMP):;

printf("m = reset Max/Min values, ESC to quitin\n");

Figure 25, C Language Program o Log Data From MAX121 Conversions
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while('quit)
{
1f(kbhit())
switch{getchi))
¢ case ‘m‘: /* Clear Max/Min Storage variables */
max = -~32768;
min = 32767;
break;
case ‘q’": /* Quit Program */
case 0xX1B:
quit = 1;
break;
}
1
for{=x=0; x<30000; x++)

{
/* Gather samples as fast as possible and update Max/Min */

/* Only cutput every 30,000th sample. The 30,000 has no */
/* specific origin other than the display updated at a */

/* comfortable rate. * /
value = inpw{0x0240+0xX0808); f/* EVM Data Port */
value >»= 2: /% Shift from l6-bit back tao 14-blit */

/* Update Max/Min */
if(value > max)
max = value;
else if(value < miny
min = value;

)
/* Qutput the latest sample in decimal and hex along with Max/Min */
printf(" %06d %04Xh min:%06d max:%06d \r", value, value, min, max);

}

/% Exit %/
printf("\n\n"});
return;

Fgure 25 © Language Program to Log Dala From MAX121 Conversions (continued)
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Frgure 30 Effective Biis vs. Input Frequency

Total Harmonic Distortion

If a pure sine wave is sampled by an ADC at greater than
the Nyquist frequency, the nonlinearities in the ADC's
transfer function create harmonics of the input frequency
present in the sampled output data.

Total Harmonic Distortion (THD) is the ratio of the RMS
sumn of all the harmonics {in the frequency band above
DC and below one- half the sample rate, but not including
the DC component) to the RMS amplitude of the funda-
mental frequency. This is expressed as fellows:

\f\,12‘2+‘uf3,2+\J'42_+,_,+\J’N2
V1

where V1 is the fundamental RMS amplitude, and V2
through VN are the amplitudes of the 2nd through Nih
harmonics. The THD specification in the Electrical Char-
acteristics includes the 2nd through 5th harmonics.

THD = 20 log

MAXIMN
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Figure 31. Bipofar Transfer Function

Spurious-Free Dynamic Range

Spurious-free dynamic range is the ratio of the fundamen-
tal RMS amplitude to the amplitude of the next largest
spectral compenent ({in the frequency band above DC
and below one-half the sampie rate). Usually the next
largest spectral component cccurs at some harmonic of
the input frequency. However, if the ADC is exceptionally
linear, it may occur only at a random peak in the ADC's
noise floor,

Transfor Function

The plot in Figure 31 graphs the bipolar input/output
transfer function for the MAX121. Code transitions occur
halfway between successive integer LSB values. Output
coding is two's-complement binary, with 1 LSB = 610uvV
(10V/16384).
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_ Ordering Information (continued)

L PART TEMP. RANGE PIN-PACKAGE |
MAX121EPE 40°C 10 +85'C 16 Plestic DIP |

} MAX121EWE 40°Cto +85°C 16 Wide SO
MAX121EAP 40°C 10 +85°C 20 SSOP**

| MAX121MJE 55°Clo+125°C 16 CERDIP**"

~ PART TEMP. RANGE BOARD Tqu

wa DIEVKITDIP  O°C o +70°C Through-Hole

™ 20-pin SSOP is 50% smaller than 16-pin SOIC.
" Contact factory for availability and processing to MIL-STD-883,
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___ Pin Configurations (continued)

TOPVIEW
L -
vss [1] 20| MODE
VoD fgg E s
AN (3] aaxiaa s Cem
VREF "4 | MAX121 17] CoNVaT
He [s] 16, NC.
N.C E LSI NC
AGND | 7 | 14! soik
VELK [g] s, soam
INVERM E 12 FSTRT
DGHD 1] 11! sFm
SSOP
Chip Topography
ViZ Vss MODE CS5 CLKIN
AN
VREF
AGND
INVCLK

D
0.118"

(2.997 mm)

SUBSTRATE CONNECTED TQ Vop:
TRANSISTOR COUNT: 1:820.
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