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5 Specifications

5.1 Absolute Maximum Ratings'"

over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Yoltage applied at DWCC and AVCC pins to Was 03 41 W
Yoltage difference between DYCC and AVCC pins® #1.3 W
“oltage applied to any pin & 03 vc(i}r Ellw:;:{‘; Y
Diode current at any device pin +2 i
Storage temperature,Tstg(‘” =40 125 °C

{11 Stresses beyond those listed under Absoiute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device atthese or any other conditions beyond those indicated under Recormmended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(21 “aoltage differences between DVCC and AVCC exceeding the specified limits may cause malfunction of the device including erraneous
writes to RAM and FRAM.

(31 Allvoltages referenced to Wee

(41 Highertemperature may be applied during board soldering according to the current JEDEC J-STD-020 specification with peak reflow
temperatures nat higher than classified on the device label on the shipping boxes or reels.
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5.2 ESD Ratings

VALUE UNIT
o Human-hody model (HEWM), per ANSLESDALIEDEC J5-001¢0 +1000
Wiespy Electrostatic discharge - R Y
Charged-device model (COM), per JEDEC specification JESD22-C10162 +250

{17 JEDEC document JEP155 states that 500-v HEM allows safe manufacturing with a standard ESD control process. Pins listed as
+1000 % may actually have higher perfarmance.

(21 JEDEC document JEF157 statesthat 250-% COM allows safe manufacturing with a standard ESD contral process. Pins listed as £250 W
may actually have higher performance.
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j'\ Microcontroller
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serial resistor for
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9.2 Typical Application

LM237
or
LM337

V) 4’7 INPUT OUTPUT

ADJUSTMENT

c2

Figure 3. Adjustable Negative-Voltage Regulator

9.2.1 Designh Requirements

*+ 1-yF solid tantalum on the input pin if the regulator is more than 10 cm from the power supply filter capacitor
*+ 1-yF solid tantalum or 10-pF aluminum electrolytic capacitor is required on the output pin for stability.

*+ R1, which is usually 120 Q as part of the resistor divider.

*+ R2, which can be varied to change the value of Vq.

9.2.2 Detailed Design Procedure

Vg is determined by the values of R1 and R2. Choosing R1 = 120 Q means that about 10.42 mA of current will
flow through R1. The ~10 mA of current satisfies the minimum operating current and renders Iggr negligible.
Since the current is coming from ground, the same amount of current will flow through R2. Therefore, the size of
R2 will be the dominant factor in adjusting Vg. The relationship between R1, R2, and Vg is as follows:

R2=Ri1[ 0 —1}
-1.25

where Vg is the output in volts. (1)
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output voltage programming

The output voltage of the TPSYT001 adjustable regulator is programmed using an extemal resistor divider as
shown in Figure 22, The output voltage is calculated using:

R1

vo=vref><(1 +@] (1

whers

Vg = 1.224 Vtyp (the internal reference voltage)

Resistors R1 and R2 should be chosen for approximately 7-pA divider current. Lower value resistors can be
used but offer no inherent advantage and waste more power. Higher values should be avoided as leakage
currents at FB increase the output wvoltage ermror The recommended design procedure is to choose
R 2 =168 ki to set the divider current at 7 uA and then calculate B 1 using:

Vo
R1 = T 1] x R2 (2)
ref
OUTPUT VOLTAGE
PROGRAMMING GUIDE TPS77001
OUTPUT | DIVIDER RESISTANCE
VOLTAGE kot v 1
V) 0 - 'T IN
1pF /=
25 174 169 WP E 5
33 287 169 ouT Vo
36 324 169 =Ty 3| = ZR1
: EN = F=— === |
10 383 169 1 4 | |
=09V FB T~ 4.7 pF
50 523 169 GND s L . |
T1% values shown. J_2 j‘_RZ I < ESR=0.210] I
= L

Figure 22. TPS77001 Adjustable LDO Regulator Programming

&l 3-3. A ZIREBFAE/IH LDO FBL A SRR

TPS7A16 &R IIFE IR — M7, EWHE B AR K HIEE (1ESHE 3-4 ) |, DUE RS SARERS
AR R . XA IR & A A2l MSP MCU 3% ESD — %8 51 A3t & AR ShEER . 7E MSP
MCU H1¢) ESD i & IR I &4, B TFEBRREE /2R |, HIES S8 MSP MCU | H B .

Table 3. Selected Resistor Combinations

Vour R4 Rz Vour/(R4 + Rz} « Iy NOMINAL ACCURACY
1.184 W a0 o« 0pA 2%

18 1.18 M0 2.32 M0 514 n& (2% +0.14%)
2.8Y 1.5 M0 1.37 M0 871 n& (2% +0.16%)
33 2 M0 1.13 M0 1056 nA (2% +0.35%)

&Y 3.4 MO 1.07 M0 1115 nA (2% +0.33%)
10% 787 W0 1.07 M0 1115 nA (2% +0.42%)
12% 14.3 M0 1.58 MO 755 n& (2% +0.18%)
18% 422 W0 3.65 M1 327 n& (2% +0.19%)
18 16.2 M0 1.15 M0 1033 nA (2% +0.26%)
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D:
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R IETVER |, BTk i B A BGRT R . B RARDIRE . DR FEEA SRS A AT SR |, Bk
MSP MCU W #8 ESD — A5 7 1o i 3 g 113 R o HotR 0 o 2255 B8 ) 1 BER T 2 — 2 5 9 — e T A A1 E PR
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3.2.2 FEcfa R

ATLA31 S IF R AR R A VRN TR a0 AR B AR PHIR AL | X T IR IERISE N I T 5 e 2 — MR A &
TAR R A A o BT e AT AR A R B Y, AR S SRR IR T A TAR IR AR H AR 2
MIThERER B AT 1-V 2R BEWREE. 8] 3-7 55 17 ATL431 Rk | iRy | ik %) 2.5V M R
LS BRI N, TTAS R % DUIR T et 7 R AR FRIARLIZ AT

40

e A =400

e TA = 257
TA =85°C

30 | —— TA = 125°C

20
,///

liea, (pA)

10 /
_--’/
0 F
0 0.5 1 1.5 2 25 3
Vka = Vrer (V)

& 3-7. FAMR R 55 B AR HL IS (AT R SR

i/ TPS77033 4546 ATL431 #EAT RIS IE R T ORY FRVR A |, DA (ki BLRE I ESD AR iAok F i 51
L . XD nft , MSP430 MCU 3.3V [ Hji i 5 i1 TPS77033 424t (5= 14K 3-8) .

A A
L W 1 T il
T o IR =
T | G
Q
L L L il

& 3-8. fdiF ATL431 (¥ 53 K=

HFMEXH P, 2% MSP430F6638 MCU Zfe AREFAE LPM3 #i38 | iHif 83 4b T353R 4 HAF 10ms P28 — Ik
. AR, O P1.4 TRE NS, 55t GPIO Jihnid [ ( 4.4V, HRAZIR ) « XFEMUE N 113K Eh 24
NGB B AR I ESD R B IERLR B R A . AEIRA ATL431 TS T , 7 DVCC 5l JIF1 P1.0 X
SR T PR R NE] 3.8V, IXAETE VT EE AR 55 B FE TR IR B 1

I O ATLAS MISNRRBLASAL A | WA TR 1.

Vour = (L) x Vref - Iref x R1 )

T HREE] ATLA3X [ A (Iref) M5 R (Vout) 2840, BT BAR A kT H 5 e /N B RV
&

: 1+ 820kQ
Vourmin = (L5320 x 20,5V - 150nA x 820k = 30.52V )
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Vourtyp = (1i5oem ) x 20.5V - 30nA x 820kQ = 30.61V 3)
Vourmax = (L5320 x 205V - 0nA x 820k = 30.64V (4)

2 ATLA31 BLE U(EL) 3.6V FREATHIHINT , ARG B A I B 2 E . XA S AR BT 1 i i ER 47
EH R R

HA2 , R MQ Y A A R RE S 2, U IS T 00 1) A 2005 18 py S5 e 5 2 ks DAL o

4 ESD —RE RVRA 1/O i th BX 3 B 7 AR SR R

AHRS PR T GPIO iyt o SRR (8 3L, AR 5 s KAUE (B B8 0 i) ESD — A L IR ATV

v B R (SR IE 4-1) W T 1O MERENEE 1. 11O RTLAE—E R B R IR st | (2 iR T AR
SEMRE. B0, /O T3EZN -0.6mA 5iEk , (AAEXAIELLT | i HP Rl g B sicbr g I i IR 0.6V W2k 1/O
WEHFHA , BRI, EXFELL T, W 6mA BRI /O, WM i R T RE i £ 22 7 0.6V
H2 |, LM% 5 2mA ESD — BB RIS TE %, EAIR 7 24w T MSP fdziil s R IR B IR T VSS 1y L s ft i
F) 1/O I o vFm 2 ESD TR FLER R B oK FL AL«

Table 5-12. Digital Outputs
over recommended ranges of supply voltage and operating free-air temperature {unless otherwise noted)

PARAMETER TEST CONDITIONS Ve MIN  TYP MAX| UNIT
Wp —
kaHmag =—1 mA™Y G55 Ve
22 v
_ loHmag = -3 mAL? 550 Yo
aon High-level output voltage v b
|(DHma><) =-2 mA“) 5'32; VCC
30 y
loHmay = -6 A ISCEE Yo
Yoo +
loLmag = 1 mALD g 089'25
22 Vot
loLmag = 3 MAS Wssg EEI;SED
VoL Law-level output voltage Yoot W
oL mag = 2 mALD Yag 5525
30 Vot
oL ma = 6 mAS Yag DSSED

(1) The r_'trla;imum total current, Liopmas 3nd lioLmag for all outputs combined should not excead +£45 méa to hold the maximum voltage drop
specified.

2] 'ghe maxirf}!.lrg total current, Liopmasg @nd lioLmas. for all outputs combined should not exceed £100 mA to hald the maximum voltage

rap specified.

{3) The port can output frequencies at least up to the specified limit - it might support higher frequencies.

{4 Aresistive divider with 2 = R1 and R1 = 1.6 k(1 between % and Y is used asload. The output is connected to the center tap of the
divider. © =20 pF is connected from the output to Veg.

51 The outout voltage reaches at least 10% and 90% e at the specified tooale frequency.
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