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12-BIT, 4-MSPS
LOW POWER SAR ANALOG-TO-DIGITAL CONVERTER

FEATURES
® 4 MHz Sample Rate, 12-Bit Resolution
® Zero Latency

® Unipolar, Pseudo Differential Input, Range:
- 0Vto25V

High Speed Parallel Interface

71 dB SNR and -88.5 dB THD at 1 MHz I/P
Power Dissipation 95 mW at 4 MSPS

Nap Mode (10 mW Power Dissipation)
Power Down (10 uW)

Internal Reference

Internal Reference Buffer

48-Pin TQFP and QFN Packages

DESCRIPTION

The ADS7881 is a 12-bit 4-MSPS A-to-D converter with
2.5-V internal reference. The device includes a capacitor
based SAR A/D converter with inherent sample and hold.
The device offers a 12-bit parallel interface with an
additional byte mode that provides easy interface with 8-bit
processors. The device has a pseudo-differential input
stage.

APPLICATIONS

® Optical Networking (DWDM, MEMS Based
Switching)

Spectrum Analyzers

High Speed Data Acquisition Systems
High Speed Close-Loop Systems
Telecommunication

Ultra-Sound Detection

The —IN swing of £200 mV is useful to compensate for
ground voltage mismatch between the ADC and sensor
and also to cancel common-mode noise. With nap mode
enabled, the device operates at lower power when used at
lower conversion rates. The device is available in 48-pin
TQFP and QFN packages.
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A This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with appropriate
“: \ precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more susceptible to
damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION

MAXIMUM MAXIMUM NO MISSING
MODEL INTEGRAL DIFFERENTIAL CODES AT PACKAGE PACKAGE TEMPERATURE ORDERING TRANSPORT
LINEARITY LINEARITY RESOLUTION TYPE DESIGNATOR RANGE INFORMATION MEDIA QUANTITY
(LSB) (LSB) (BIT)
Tape and reel
, ADS7881IPFBT
+1 +1 12 48-Pin PFB ~40°C to 85°C 20
- - TQFP Tape and reel
ADS7881IPFBR 1000
ADS7881 Tape and reel
, ADS7881IRGZT P
48-Pin 250
+1 +1 12 OFN RGZ ~40°C to 85°C E—————
ADST7881IRGZR P o0

NOTE: For most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl web site
at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range(l)

UNIT

+IN to AGND -0.3Vto+VA+0.1V
-IN to AGND -0.3Vto 0.5V
+VA to AGND -03Vto7V
+VBD to BDGND -03Vto7V
Digital input voltage to GND -0.3Vto (+VBD + 0.3 V)
Digital output to GND -0.3Vto (+VBD + 0.3 V)
Operating temperature range —40°C to 85°C
Storage temperature range —65°C to 150°C
Junction temperature (T jmax) 150°C

Power dissipation (Tg Max-Ta) 63A
TQFP and QFN packages -

63A Thermal impedance 86°C/W

Vapor phase (60 sec) 215°C
Lead temperature, soldering

Infrared (15 sec) 220°C

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

TA =-40°C 10 85°C, +VA =5V, +VBD =5V or 3.3V, Vyef = 2.5V, fsample = 4 MHz (unless otherwise noted)

PARAMETER | TEST CONDITIONS TYP MAX UNIT
ANALOG INPUT
Full-scale input span(1) +IN = (=IN) 0 Vref Y
+IN -0.2 Vyef +0.2
Absolute input range \%
-IN -0.2 +0.2
Input capacitance 27 pF
Input leakage current 500 pA
SYSTEM PERFORMANCE
Resolution 12 Bits
No missing codes 12 Bits
Integral linearity(2) -1 +0.6 1| LsB@®)
Differential linearity -1 +0.6 LSB@)
Offset error(4) External reference -15  #0.25 1.5 mv
Gain error(4) External reference -2 #0.75 mv
Common-mode rejection ratio \r;\l\lig_csr:tnio,\r;lgzode input signal = 200 60 dB
Power supply rejection ftvf\F:OT.?su t\eltjct)c's.oggv , Vref =250 V 80 dB
SAMPLING DYNAMICS
Conversion fime +VDB =5V 185 200 nsec
+VDB =3V 205 nsec
L +VDB =5V 50 65 nsec
Acquisition time
+VDB =3V 45 nsec
Maximum throughput rate 4 MHz
Aperture delay 2 nsec
Aperture jitter 20 psec
Step response 50 nsec
Over voltage recovery 50 nsec
DYNAMIC CHARACTERISTICS
VN = 2.496 Vp—p at 100 kHz/2.5 Vref -91
Total harmonic distortion(5) VN = 2.496 Vp-p at 1 MHz/2.5 Vref -88.5 -86 dB
V|N = 2.496 Vp-p at 1.8 MHz/2.5 Vref 74
V|N = 2.496 Vp—p at 100 kHz/2.5 Vref 71.5
SNR VN = 2.496 Vp-p at 1 MHz/2.5 Vref 69 71 dB
V|N = 2.496 Vp—p at 1.8 MHz/2.5 Vref 69.7
V|N = 2.496 Vp—p at 100 kHz/2.5 Vref 71.5
SINAD VN = 2.496 Vp-p at 1 MHz/2.5 Vref 69 71 dB
V|N = 2.496 Vp—p at 1.8 MHz/2.5 Vref 68.3
SFDR VN = 2.496 Vp-p at 1 MHz/2.5 Vref 90 dB
-3 dB Small signal bandwidth 50 MHz
EXTERNAL REFERENCE INPUT
Input VREFE range 2.4 2.5 2.6 \Y
Resistance(6) To internal reference voltage 500 kQ
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SPECIFICATIONS Continued
TA =-40°C 10 85°C, +VA =5V, +VBD =5V or 3.3V, Vyef = 2.5V, fsample = 4 MHz (unless otherwise noted)
PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
INTERNAL REFERENCE OUTPUT
Starup me Capactor on REFOUT AGND 120 | msec
VREE Range I0UT=0 2.47 25 2.53 \Y
Source current Static load 10 UHA
Line regulation +VA=475V1t05.25V 1 mV
Drift IOUT =0 25 PPM/C
DIGITAL INPUT/OUTPUT
Logic family CMOS
VIH IlIH=5uA +Vpp -1 +Vgp +0.3 \%
. VIL lIL=5uA -0.3 0.8 \Y
Logic level
VOoH loH =2 TTL loads +Vgp - 0.6 +VBD \%
VoL loL =2 TTL loads 0 0.4 \%
Data format Sgi?:gr;
POWER SUPPLY REQUIREMENTS
Power supply voltage +VBD 27 33 225 v
+VA 4.75 5 5.25 \%
Supply current, +VA, 4 MHz sample rate 19 22 mA
Power dissipation, 4 MHz sample rate +VA=5V 95 110 mwW
NAP MODE
Supply current, +VA 2 3 mA
Power-up time(7) 60 nsec
POWER DOWN
Supply current, +VA 2 25 UHA
Power down time(8) From simulation results 10 usec
Power up time i—g;;torage capacitor on REFOUT to o5 msec
Invalid conversions after power up or reset 4 Numbers
TEMPERATURE RANGE
Operating free-air -40 85 °C

(1) Ideal input span; does not include gain or offset error.

(2) This is endpoint INL, not best fit.
(3) LSB means least significant bit.

(4) Measured relative to actual measured reference.

(5) calculated on the first nine harmonics of the input frequency.

(6) can vary +20%.

(7) Minimum acquisition time for first sampling after the end of nap state must be 60 nsec more than normal.

(8) Time required to reach level of 2.5 pA.
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TIMING REQUIREMENTS

All specifications typical at —40°C to 85°C, +VA = +5V, +VBD = +5V (see Notes 1, 2, 3, and 4)

PARAMETER SYMBOL MIN  TYP MAX | UNITS | REF FIG.
Conversion time t(conv) 185 200 ns
Acquisition time t(acq) 50 65 ns 5
SAMPLING AND CONVERSION START
Hold time CS low to CONVST high (with BUSY high) thi 10 ns 3
Delay CONVST high to acquisition start td1 2 4 5 ns 1
Hold time, CONVST high to cs high with BUSY low th2 10 ns 1
Hold time, CONVST low to CS high th3 10 ns 1
Delay CONVST low to BUSY high tg2 40 ns 1
CS width for acquisition or conversion to start tw3 20 ns 2
Delay CS low to acquisition start with CONVST high t43 2 4 5 ns 2
Pulse width, from CS low to CONVST low for acquisition to start twi1 20 ns 2
Delay CS low to BUSY high with CONVST low tda 40 ns 2
Quiet sampling time(3) 25 ns
CONVERSION ABORT
Setup time CONVST high to CS low with BUSY high ts1 15 ns 4
Delay time CS low to BUSY low with CONVST high tds 20 ns 4
DATA READ
Delay RD low to data valid with CS low tde 25 ns 5
Delay BYTE high to LSB word valid with CS and RD low tq7 25 ns 5
Delay time RD high to data 3-state with CS low td9 25 ns 5
Delay time end of conversion to BUSY low td11 20 ns 5
Quiet sampling time RD high to CONVST low t1 25 ns 5
Delay CS low to data valid with RD low tgs 25 ns 6
Delay cs high to data 3-state with RD low td10 25 ns 6
Quiet sampling time CS low to CONVST low to 25 ns 6
BACK-TO-BACK CONVERSION
Delay BUSY low to data valid td12 10 ns 7,8
Pulse width, CONVST high twa 60 ns 7,8
Pulse width, CONVST low tws 20 ns 7
POWER DOWN/RESET
Pulse width, low for PWD/RST to reset the device twe 45 6140 ns 10
Pulse width, low for PWD/RST to power down the device tw7 7200 ns
Delay time, power up after PWD/RST is high td13 25 ms

1) Al input signals are specified with t; = tf = 5 ns (10% to 90% of +VBD) and timed from a voltage level of (V|_+ V|y)/2.

(2) see timing diagram.

(3) Quiet period before conversion start, no data bus activity including data bus 3-state is allowed in this period.
@ Al timings are measured with 20 pF equivalent loads on all data bits and BUSY pin.
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PIN ASSIGNMENTS

PFB PACKAGE

(TOP VIEW)
|_
'_
s s [apya) g ‘@ S
LLg 22 ¢ z & DE
bwSocosSnwolo>|25
o3+ <<+ ‘O ‘D: O mla<
1 1 1 1 /1 [ [’ [ [ [ [ [
/" 48 47 46 45 44 43 42 41 40 39 38 37 N\
REFIN [J1 Q 36[] BUSY
REFOUT (]2 351 BDGND
NC s 34[1 +VBD
+VA (4 33[] NC
AGND 5 320 NC
+IN e 310 NC
-IN[7 301 NC
AGND s 29]1 DBO
+VA o 28|] DB1
+VA [Ji0 2711 DB2
AGND [Ju1 2611 DB3
AGND [12 25[1 BDGND
\. 13 14 15 16 17 18 19 20 21 22 23 24 /
{00-0a8r3a%a
< |
Sz Z o — M0 0 0 0 M0OMmMm
¥ 00 N A Qo0O0o0o0Q S
I <Pto +
NC - No connection
RGZ PACKAGE
(TOP VIEW)
c c
G O] 8 oA MmO
S5 0S0O00 0 oDmommA
mmFzZzZZZ2zZO00OA0Omo
A__PWD D 148 47 46 45 44 43 42 41 40 39 38 33? . +VBD
PWD/RST| D 2 35| DB4
BYTE| ] 3 34| DB5
CONVST|~ 4 33 ] DB6
@ 5 32| DB7
CS| 6 31.]DB8
+VA[" 7 30| DB9
AGND|~ 8 29| DB10
AGND|" 9 28 (| DB11
+VA[~ 10 27 7] AGND
REFM|7 11 26 (] AGND
REFM|_ 12 25 ] +VA
CCYTY Y Y (Y)Y Y 2(~\ 2(”\ 2(”\ 2("\ (4\
- [alya)
Z5990zz05$99
w O 0 ot *taoo
x5 < < <
o

NC - No internal connection

NOTE: The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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TERMINAL FUNCTIONS
NAME NO. PFB NO. RGZ lfe} DESCRIPTION
8-Bit Bus 16-Bit Bus
DATA BUS
BYTE=0 BYTE=1 BYTE=0

DB11 16 28 @) D11 (MSB) D3 D11 (MSB)

DB10 17 29 0] D10 D2 D10

DB9 18 30 0] D9 D1 D9

DB8 19 31 @) D8 DO (LSB) D8

DB7 20 32 0] D7 0 D7

DB6 21 33 @) D6 0 D6

DB5 22 34 @) D5 0 D5

DB4 23 35 0] D4 0 D4

DB3 26 38 @) D3 0 D3

DB2 27 39 @) D2 0 D2

DB1 28 40 @) D1 0 D1

DBO 29 41 @) DO (LSB) 0 DO (LSB)

CONTROL PINS

cs 42 6 | Chip select. Active low signal enables chip operation like acquisition start, conver-
sion start, bus release from 3-state. Refer to the timing diagrams for more details.

CONVST 40 4 | Conversion start. The rising edge starts the acquisition. The falling edge of this input
ends the acquisition and starts the conversion. Refer to the timing diagrams for more
details.

_— Active low synchronization pulse for the parallel output. When CS is low, this serves

RD 41 5 | - :
as the output enable and puts the previous conversion results on the bus.

A_PWD 37 1 | Nap mode enable, active low

PWD/RST 38 | Active low input, acts as device power down/device reset signal.

BYTE 39 | Byte select input. Used for 8-bit bus reading.

0: No fold back
1: Lower byte D[3:0] is folded back to high byte so D3 is available in D11 place.

STATUS OUTPUT

BUSY 36 48 (0] | Status output. High when a conversion is in progress.

POWER SUPPLY

+VBD 24,34 36, 46 - Digital power supply for all digital inputs and outputs. Refer to Table 3 for layout
guidelines.

BDGND 25,35 37,47 - Digital ground for all digital inputs and outputs. Short to analog ground plane below
the device.

4,9, 10, 13, 7, 10, 16, . -
+VA 43, 46 21,22, 25 Analog power supplies. Refer to Table 3 for layout guidelines.
AGND 5,8, 11, 12, 8,9, 17, - Analog ground pins. Short to analog ground plane below the device.
14, 15, 44,45 | 20, 23, 24,
26, 27

ANALOG INPUT

+IN 18 | Noninverting analog input channel

-IN 19 | Inverting analog input channel

REFIN 13 | Reference (positive) input. Needs to be decoupled with REFM pin using 0.1-uF by-
pass capacitor and 1-uF storage capacitor.

REFOUT 2 14 (0] Internal reference output. To be shorted to REFIN pin when internal reference is used.
Do not connect to REFIN pin when external reference is used. Always needs to be
decoupled with AGND using 0.1-uF bypass capacitor.

REFM 47,48 11,12 | Reference ground. Connect to analog ground plane.

NC 3, 30, 31, 32, 15, 42, 43, - No connection

33 44, 45
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DESCRIPTION AND TIMING DIAGRAMS

SAMPLING AND CONVERSION START

There are three ways to start sampling. The rising edge of CONVST starts sampling with CS and BUSY being low
(see Figure 1) or it can be started with the falling edge of CS when CONVST is high and BUSY is low (see
Figure 2). Sampling can also be started with an internal conversion end (before BUSY falling edge) with CS
being low and CONVST high before an internal conversion end (see Figure 3). Also refer to the section DEVICE
OPERATION AND DATA READ IN BACK-TO-BACK CONVERSION for more details.

A conversion can be started two ways (a conversion start is the end of sampling). Either with the falling edge
of CONVST when CS is low (see Figure 1) or the falling edge of CS when CONVST is low (see Figure 2). A
clean and low jitter falling edge of these respective signals triggers a conversion start and is important to the
performance of the converter. The BUSY pin is brought high immediately following the CONVST falling edge.
BUSY stays high throughout the conversion process and returns low when the conversion has ended.

Figure 1. Sampling and Conversion Start Control With CONVST Pin

I‘—’:— tw3 tw3 |‘ .||
|

cs
\Ik_% U
- — ety
CONVST /_Hl “ ts \k |
|
R
BUSY ; ; ; \ ! I
| |
g

Figure 2. Sampling and Conversion Start Control With CS ~ Pin

_ =\ [T Y
cs X / \

th1 —q' :4— tws —i<—q:
CONVST %l \" ?

< twa

BUSY |

Figure 3. Sampling Start With CS  Low and CONVST High (Back-to-Back)
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CONVERSION ABORT

The falling edge of CS aborts the conversion while BUSY is high and CONVST is high (see Figure 4). The device
outputs FEO (hex) to indicate a conversion abort.

—» le— tas
BUSY i\lk
tsul —’! l4—

&l
A

D \

D11-DO < 1111 1110 0000

Figure 4. Conversion Abort
DATA READ

Two conditions need to be satisfied for a read operation. Data appears on the D11 through DO pins (with D11
MSB) when both CS and RD are low. Figure 5 and Figure 6 illustrate the device read operation. The bus is
three-stated if any one of the signals is high.

¥ e 2 R 0w
o ////74 777 /1
|<—|— t(conv) —'} [e——— td1 * t(acq) _=—’| |
BUSY ' |
__ 7 Y |
td1l —» |
I

Cs \ / \\E\\

|
I
RD \ /lf
| |

BYTE | / [\
] | |

tge — :‘— tg7 W }‘— —» {‘—tdg
D11-DO ( pu-4&p3-0 X D3-0 ¥

Figure 5. Read Control Via CS and RD

There are two output formats available. Twelve bit data appears on the bus during a read operation while BYTE
is low. When BYTE is high, the lower byte (D3 through DO followed by all zeroes) appears on the data bus with
D3 in the MSB. This feature is useful for interfacing with eight bit microprocessors and microcontrollers.
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S 12
CONVST \ )lﬁ i
l | “—
¢ — td1 +tacq) —
BUSY 4% Conversion No N \ (aca) ! /—
td2—Pf [ I
& \ i U

BYTE

Data For Conv. N-1

|

| |

: | ta7 P 4= & tq10
i

|
(_puaepso_ Y oso_ Y~ »r——

| Data For Conv. N

Figure 6. Read Control Via CS and RD Tied to BDGND

DEVICE OPERATION AND DATA READ IN BACK-TO-BACK CONVERSION

The following two figures illustrate device operation in back-to-back conversion mode. It is possible to operate
the device at any throughput in this mode, but this is the only mode in which the device can be operated at
throughputs exceeding 3.5 MSPS.

A conversion starts on the CONVST falling edge. The BUSY output goes high after a delay (ty2). Note that care
must be taken not to abort the conversion (see Figure 4) apart from timing restrictions shown in Figure 7 and
Figure 8. The conversion ends within the conversion time, tcony), after the CONVST falling edge. The new
acquisition can be immediately started without waiting for the BUSY signal to go low. This can be ensured with
aCONVST high pulse width that is more than or equal to (to —t(conv) + 10 nsec) which is ty4 for a 4-MHz operation.

/PSampIeN

|
le— twa —P— ty5
f¢— t(acq) —J| Conversion N

tqgr2 —M :‘_ ¢ f(conv) thd114’| |
|

I
D11-DO >K Data For Conversion N-1 ><
I

| T
K—b}— (Data read Without Latency) |
!4—— t0 = 250 ns for 4 MSPS Operation ——J

Figure 7. Back-To-Back Operation With CS  and RD Low

10
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=\ / \ S

th1 —1€» /:fb Sample N
CONVST 4/(—\ I / \
I I |

— w4 —Pe—d— w3 |
I‘_ t(acq) ’I‘I — f(conv) *1td11 —PI I
I

Conversion N |

I
BUSY —\_;_/ \I‘—I—/i
tq12 —Id—b} | Data For Conversion N-1 |
Dll—D04< X ‘ \r J\ ¥ >< >_
DN |
Iﬂ—b'—— (Data read Without Latency) |

[€——— 10 =250 ns for 4 MSPS Operation ~———®]

Figure 8. Back-To-Back operation With CS  Toggling and RD Low
NAP MODE

The device can be put in nap mode following the sequences shown in Figure 9. This provides substantial power
saving while operating at lower sampling rates.

While operating the device at throughput rates lower than 3.2 MSPS, A_PWD can be held low (see Figure 9).
In this condition, the device goes into the nap state immediately after BUSY goes low and remains in that state
until the next sampling starts. The minimum acquisition time is 60 nsec more than t(acq) as defined in the timing
requirements section.

Alternately, A_PWD can be toggled any time during operation (see Figure 10). This is useful when the system
acquires data at the maximum conversion speed for some period of time (back-to-back conversion) and it does
not acquire data for some time while the acquired data is being processed. During this period, the device can
be put in the nap state to save power. The device remains in the nap state as long as A_PWD is low with BUSY
being low and sampling has not started. The minimum acquisition time for the first sampling after the nap state
is 60 nsec more than t(acq) as defined in the timing requirements section.
A_PWD
(Held Low)

BUSY \I / }\
SAMPLE | /f—\{
(Internal) | ‘ N
I

I
|
t(acq) + 60 ns :
NAP y/I ’\ /

(Internal Active High)

NOTE: The SAMPLE (Internal) signal is generated as described in the Sampling and Conversion
Start section.

Figure 9. Device Operation While A_PWD is Held Low

11
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Ao /N 1\ /NS N\
BUSY—\

|
SAMPLE I /{—\
(Internal) I tlacg) +60ns |

NAP | A /4 K
(Internal Active High)

NOTE: The SAMPLE (Internal) signal is generated as described in the Sampling and Conversion
Start section.

)

-

Figure 10. Device Operation While A_PWD is Toggling
POWERDOWN/RESET

A low level on the PWD/RST pin puts the device in the powerdown phase. This is an asynchronous signal. As
shown in Figure 11, the device is in the reset phase for the first t, g period after a high-to-low transition of
PWD/RST. During this period the output code is FEO (hex) to indicate that the device is in the reset phase. The
device powers down if the PWD/RST pin continues to be low for a period of more than t,,7. Data is not valid for
the first four conversions after a power-up (see Figure 11) or an end of reset (see Figure 12). The device is
initialized during the first four conversions.

»

tw7

e
L "
——— T . .
PWD/RST i\ ! /| Valid Conversions
| i | First 4 Invalid Conversions |
BUSY _ _ _ N\ | NSNS NS N s
—
| | td1i3 —¥ <— |
D11-50 X 11111100000 )—— 4 X 2
I I

l Power Down l

[¢— RESET Phase —W—— 5 =¥

Invalid Data | Valid Data

Figure 11. Device Power Down

e twe p
—JI le— 45ns !
PWD/RST R I /i Valid Conversions
[ | First4 Invalid Conversions |
BUSY |\ ! ! 1 2 3 4 ! 5
L i |
D11-DO X 1111 1110 0000 X P I X a4
T I |
S ) )
¢ RESET Phase . Invalid Data : Valid Data

Figure 12. Device Reset

12
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TYPICAL CHARACTERISTICS (1)

EFFECTIVE NUMBER OF BITS

Count

HISTOGRAM Vs
(DC CODE SPREAD AT THE CENTER OF CODE) FREE-AIR TEMPERATURE
140000 T T T 12 T T
FA=5V, ___ Count = 130879 f; = 100 kHz,
+VBD =5V, w 119 +VA=5YV,
120000 | ode = 2048, = +VBD=5V
Ta =25°C 1118
]
100000 B 117
“6 “
80000 g 1s
£
3 us
60000 o
2 114
(8]
(&)
40000 i 13
|
m 112
20000 [ count T Count T—| [T Count T Count ] %
=0 =1 =192 | =0 w11
1
2046 2047 2048 2049 2050 40  -20 0 20 40 60 80
Code Ta — Free-Air Temperature - °C
Figure 13 Figure 14
SIGNAL-TO-NOISE AND DISTORTION SIGNAL-TO-NOISE RATIO
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
72 T T 72 f| kl
fi = 100 kHz, — i =100 kHz,
o \ HWVA=5V, 719 \\ HWVA=5V, —
= N +VBD =5V N, *VBD=5V
; . 718
E 71.8 \ E.g \\
5 N— o 717
2 kS
T 716 ® 716
3 2
ki Z 715
s 8
z iy
o 714 S 714
E ®
5 [ 713
n o
1 =z
a 712 o 712
<
P
Z 71.1
71 71
-40  -20 0 20 40 60 80 40 -20 0 20 40 60 80
Tp — Free-Air Temperature - °C Tp — Free-Air Temperature - °C
Figure 15 Figure 16

(1) At sample rate = 4 MSPS, Vef = 2.5 V external, unless otherwise specified.

13
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SFDR - Spurious Free Dynamic Range — dB

ENOB - Effective Number of Bits — Bits

SPURIOUS FREE DYNAMIC RANGE
'S
FREE-AIR TEMPERATURE

105 T T
fj =100 kHz,
+VA=5YV,
+VBD =5V
100
\§
95
90
85
-40 -20 0 20 40 60 80
Tp — Free-Air Temperature - °C
Figure 17
EFFECTIVE NUMBER OF BITS
Vs
INPUT FREQUENCY
12

11.5

11

10.5

10

T T
+VA=5YV,
+VBD =5V,

\ Ta = 25°C,

\\

0 300 600 900 1200 1500 1800
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SNR - Signal-to-Noise Ratio — dB

THD - Total Harmonic Distortion — dB
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Pp — Power Dissipation - mW

INL - Integral Nonlinearity — Bits
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PRINCIPLES OF OPERATION

The ADS7881 is a member of a family of high-speed successive approximation register (SAR) analog-to-digital
converters (ADC). The architecture is based on charge redistribution, which inherently includes a sample/hold
function.

The conversion clock is generated internally. The conversion time is 200 ns max (at 5 V +VBD).

The analog input is provided to two input pins: +IN and —IN. (Note that this is pseudo differential input and there
are restrictions on —IN voltage range.) When a conversion is initiated, the difference voltage between these pins
is sampled on the internal capacitor array. While a conversion is in progress, both inputs are disconnected from
any internal function.

REFERENCE

The ADS7881 has a built-in 2.5-V (nominal value) reference but can operate with an external reference. When
an internal reference is used, pin 2 (REFOUT) should be connected to pin 1 (REFIN) with an 0.1-uF decoupling
capacitor and a 1-uF storage capacitor between pin 2 (REFOUT) and pins 47, 48 (REFM). The internal
reference of the converter is buffered . There is also a buffer from REFIN to CDAC. This buffer provides isolation
between the external reference and the CDAC and also recharges the CDAC during conversion. It is essential
to decouple REFOUT to AGND with a 0.1-uF capacitor while the device operates with an external reference.

ANALOG INPUT

When the converter enters hold mode, the voltage difference between the +IN and —IN inputs is captured on
the internal capacitor array. The voltage on the —IN input is limited to between —0.2 V and 0.2 V, thus allowing
the input to reject a small signal which is common to both the +IN and —IN inputs. The +IN input has a range
of —=0.2 V to (+Vygf +0.2 V). The input span (+IN — (=IN)) is limited from O V to VREF.

The input current on the analog inputs depends upon a number of factors: sample rate, input voltage, signal
frequency, and source impedance. Essentially, the current into the ADS7881 charges the internal capacitor
array during the sample period. After this capacitance has been fully charged, there is no further input current
(this may not happen when a signal is moving continuously). The source of the analog input voltage must be
able to charge the input capacitance (27 pF) to better than a 12-bit settling level with a step input within the
acquisition time of the device. The step size can be selected equal to the maximum voltage difference between
two consecutive samples at the maximum signal frequency. (Refer to Figure 39 for the suggested input circuit.)
When the converter goes into hold mode, the input impedance is greater than 1 GQ.

Care must be taken regarding the absolute analog input voltage. To maintain the linearity of the converter, both
—IN and +IN inputs should be within the limits specified. Outside of these ranges, the converter’s linearity may
not meet specifications.

Care should be taken to ensure that +IN and -IN see the same impedance to the respective sources. (For
example, both +IN and —IN are connected to a decoupling capacitor through a 21-Q resistor as shown in
Figure 39.) If this is not observed, the two inputs could have different settling times. This may result in an offset
error, gain error, or linearity error which changes with temperature and input voltage.

DIGITAL INTERFACE
TIMING AND CONTROL

Refer to the SAMPLING AND CONVERSION START section and the CONVERSION ABORT section.

READING DATA

The ADS7881 outputs full parallel data in straight binary format as shown in Table 1. The parallel output is active
when CS and RD are both low. There is a minimal quiet sampling period requirement around the falling edge
of CONVST as stated in the timing requirements section. Data reads or bus three-state operations should not
be attempted within this period. Any other combination of CS and RD three-states the parallel output. Refer to
Table 1 for ideal output codes.
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Table 1. Ideal Input Voltages and Output Codes (1)

DESCRIPTION | ANALOG VALUE BINARY CODE HEX CODE
Full scale Vyef - 1LSB 1111 1111 1111 FFF
Midscale Vrefl2 1000 0000 0000 800
Midscale - 1 LSB Vyef/2 - 1LSB 0111 1111 1111 7FF
Zero oV 0000 0000 0000 000

(1) Full-scale range = Vyef and least significant bit (LSB) = Vyef/4096
The output data appears as a full 12-bit word (D11-DO0) on pins DB11 — DBO (MSB-LSB) if BYTE is low.
READING THE DATA IN BYTE MODE

The result can also be read on an 8-bit bus for convenience by using pins DB11-DB4. In this case two reads
are necessary; the first as before, leaving BYTE low and reading the 8 most significant bits on pins DB11-DB4,
and then bringing BYTE high. When BYTE is high, the lower bits (D3-DO0) followed by all zeros are on pins DB11
— DB4 (refer to Table 2).

These multi-word read operations can be performed with multiple active RD signals (toggling) or with RD tied
low for simplicity.

Table 2. Conversion Data Read Out

DATA READ OUT
BYTE
DB11 - DB4 DB3 - DBO
High D3 - DO, 0000 All zeroes
Low D11 - D4 D3 - D0

Also refer to the DATA READ and DEVICE OPERATION AND DATA READ IN BACK-TO-BACK
CONVERSION sections for more details.

Reset
Refer to the POWERDOWN/RESET section for the device reset sequence.

It is recommended to reset the device after power on. A reset can be issued once the power has reached 95%
of its final value.

PWD/RST is an asynchronous active low input signal. A current conversion is aborted no later than 45 ns after
the converter is in the reset mode. In addition, the device outputs a FEO code to indicate a reset condition. The
converter returns back to normal operation mode immediately after the PWD/RST input is brought high.

Data is not valid for the first four conversions after a device reset.
Powerdown
Refer to the POWERDOWN/RESET section for the device powerdown sequence.
The device enters powerdown mode if a PWD/RST low duration is extended for more than a period of t,7.

The converter goes back to normal operation mode no later than a period of tyq3 after the PWD/RST input is
brought high.

After this period, normal conversion and sampling operation can be started as discussed in previous sections.
Data is not valid for the first four conversions after a device reset.

Nap Mode
Refer to the NAP MODE section in the DESCRIPTION AND TIMING DIAGRAMS section for information.
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APPLICATION INFORMATION

LAYOUT

For optimum performance, care should be taken with the physical layout of the ADS7881 circuitry.

As the ADS7881 offers single-supply operation, it is often used in close proximity with digital logic,
micro-controllers, microprocessors, and digital signal processors. The more digital logic present in the design
and the higher the switching speed, the more difficult it is to achieve acceptable performance from the converter.

The basic SAR architecture is sensitive to glitches or sudden changes on the power supply, reference, ground
connections, and digital inputs that occur just prior to the end of sampling (within quiet sampling time) and just
prior to latching the output of the analog comparator during the conversion phase. Thus, driving any single
conversion for an n-bit SAR converter, there are n+1 windows in which large external transient voltages can
affect the conversion result. Such glitches might originate from switching power supplies, nearby digital logic,
or high power devices.

The degree of error in the digital output depends on the reference voltage, layout, and the exact timing of the
external event.

On average, the ADS7881 draws very little current from an external reference as the reference voltage is
internally buffered. If the reference voltage is external and originates from an op amp, make sure that it can drive
the bypass capacitor or capacitors without oscillation. A 0.1-uF bypass capacitor and 1-uF storage capacitor
are recommended from REFIN (pin 1) directly to REFM (pin 48).

The AGND and BDGND pins should be connected to a clean ground point. In all cases, this should be the analog
ground. Avoid connections which are too close to the grounding point of a micro-controller or digital signal
processor. If required, run a ground trace directly from the converter to the power supply entry point. The ideal
layout consists of an analog ground plane dedicated to the converter and associated analog circuitry.

As with the AGND connections, +VA should be connected to a 5-V power supply plane that is separate from
the connection for +VBD and digital logic until they are connected at the power entry point onto the PCB. Power
to the ADS7881 should be clean and well bypassed. A 0.1-uF ceramic bypass capacitor should be placed as
close to the device as possible. See Table 3 for the placement of capacitor. In addition to a 0.1-uF capacitor,
a 1-uF capacitor is recommended. In some situations, additional bypassing may be required, such as a 100-uF
electrolytic capacitor or even a Pi filter made up of inductors and capacitors, all designed to essentially low-pass
filter the 5-V supply, removing the high frequency noise.

Table 3. Power Supply Decoupling Capacitor Placement

POWER SUPPLY PLANE

CONVERTER ANALOG SIDE CONVERTER DIGITAL SIDE
SUPPLY PINS

Pairs of pins that require a shortest path to decoupling (4,5), (9,8), (10,11), (13, 15), (43, 44) (46, 45) | (24, 25), (34, 35)
capacitors

Pins that require no decoupling 14,12

Analog 5V ® _=|_ +VA
1 pl—_T_ 0.1 puF ADS7881
AGND % AGND
0.1 uF
—I_— REFOUT
External

Reference in REFIN

1uF 0.1uF
AGND T T REFM
2

1Q
L AAA——
Analog Input +IN

Circuit 21Q
—\\V\——1 -IN

Figure 37. Using External Reference
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Analog 5V i _‘L +VA
1uF T T 0.1 uF ADS7881
AGND @ @ AGND
REFOUT
E REFIN
1uF T 0.1uF
AGND /l\ REFM
21Q
—AA—
Analog Input +IN
Circuit 21Q
—\\V\——{] -IN
Figure 38. Using Internal Reference
130 pF
Signal Input
12 Q 21Q
2.5V DC +IN

150 pF 21Q ADS7881
M -IN
— AGND

AGND

Figure 39. Typical Analog Input Circuit

GPIO »{Cs
GPIO > BYTE
GPIO »—| CONVST
Microcontroller ADS7881
P[7:0] DB[11:4]
RD »{RD
INT BUSY

Figure 40. Interfacing With Microcontroller
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
ADS7881IPFBR TQFP PFB 48 1000 330.0 16.4 9.6 9.6 15 12.0 | 16.0 Q2
ADS7881IPFBT TQFP PFB 48 250 180.0 16.4 9.6 9.6 1.5 12.0 | 16.0 Q2
ADS7881IRGZT VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2

Pack Materials-Page 1
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS7881IPFBR TQFP PFB 48 1000 367.0 367.0 38.0
ADS7881IPFBT TQFP PFB 48 250 213.0 191.0 55.0
ADS7881IRGZT VQFN RGZz 48 250 213.0 191.0 55.0
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MECHANICAL DATA

RGZ (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO—-LEAD
I 7,15 N
* 685
7,15
Y 7
PIN 1 INDEX AREA
1,00 TOP AND BOTTOM
080 L 0,20 REF.
‘ L SEATING PLANE
0,08 j % w: f

0,00

0,50 0,50
48X 030 ﬂ <

1
EEVAVAVEVRURUIIURURURUAIAI
*isb ‘ 13
D) THERMAL PAD d
) ‘ -
) ‘ -
) | d
- SIZE AND SHAPE -
> SHOWN ON SHPARATE SHEET
) | -
) ‘ -
) | d
) ‘ d
37D ‘ T (24
niaNaNaNaNaliaNaNaNalali
5,5032 > } o 87353

4204101/F 06/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGZ (S—PVQFN—-N48) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C 0,30 1 12
ENGVAVASEVAVACI SRS RS ACACAS,
48% . 13
t D) ! } Exposed Thermal Pad
™ -
™ d
™ d
5,15+0,10 g - + — g
™ d
™ d
™ d
I ™ | d
=P ' 24
ANNANANNANNNIN
36 25
l—— 5,15+0,10 ———

Bottom View

Exposed Thermal Pad Dimensions
4206354-2/Z 03/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGZ (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO-LEAD
Example Stencil Design
Example Board Layout 0.125 Thick Stencil
(Note E)
Note D 0,25— [~— 44x0,50 48x0,8 I=—0,25
000000000000 | | [000000papooT_—
) = = —= =0, =
[} (@ = (o
= - 48xo,23j = 1,45 —
D |-——5,15 = — =
[} (@ — o
}-D 1o —
= -—-J—5,15—-—% 6,1 7,8 TS IHC S 6,15 7,75
- ' (| — —
0.25-5 = 0.7 = RIEERS
—— (e | —) O 3__ (@
) N — - 2 I =
[["Ionoohapnoond: sax0 5| |000000000000
81— [\ 6,15
=78 —— "\ 7,75
! . (71% Printed Solder Coverage by Area)
| N,
i Non Solder Mask Defined Pad . Example Via Layout Design
| AN Via layout may vary depending
| /// ”””” —~-. ~ on layout constraints
‘// \\ Example Solder Mask Opening N (Note D, F)
) . 20x1,0
/, \\ (Note F) N |
/ 0,08 085 " 25%¢0,3—~ 0 0 ¢ o o
[/ RO%4 ~ U9\ o d o o
! D \\'\ —|S-6- - -
l — ~ Pad Geometry o o ¢ oo
\ 02 TG 20x1,0 .
\ 007 / o 0o ¢ oo
\ All Around y i
. /
\\\ //,
~ . -
o 4207624-2/T 06/14
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting

recommendations for vias placed in the thermal pad.
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MECHANICAL DATA

MTQFO019A — JANUARY 1995 — REVISED JANUARY 1998

PFB (S-PQFP-G48)

PLASTIC QUAD FLATPACK

O 27
36 25

T

/ N\
37 1 T 24
—— T
o T
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o T
—— T
48 I O —— 13
HHHHHHHHHHHH
Lf 550TYP—>‘ l
« gy | el
6,80 Q Gage Plane
9,20 ‘
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' 8,80 o0 ’ 0,25]
0,05 MIN
_ 105 4
0,95

/
LILILILILILILILILI“m v Seating Plane

o \___/ Li=ps]

4073176/B 10/96

NOTES: A.
B.
C.

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Falls within JEDEC MS-026
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LAND PATTERN

PFB (S—PQFP—-G48)

Example Board Layout

Example Stencil Design

(Note C) (Note D)
L NN
1,35 —f—a—=|
[ [ — —
[ [ — —1
[ [ — —
[ [ — —
[ [ — —
[ [ — | —
[ [ 8.5 — — 8.5
[ [ — —
[ [ — —1
[ [ — —1
[ [ — —1
[ [ — — 1
| ' JB000Onua00——
/|
8,0 —————= — 8,5 -—
l
I
Non Solder Mask Defined Pad
/ - h \ Example
Pad Geometry
— | |- \ (Note C)
/ /
\ 1,4 —»‘«— /
0,05 Example
\ Al Around Solder Mask Opening
N Y (Note E)
~__ _—

4209366 /A 03/08

NOTES: All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

contact their board assembly site for stencil design recommendations.
E. Customers should contact their board fabrication site for solder mask

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

Customers should
Refer to IPC-7525.
tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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