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1. SCOPE

1.1 Scope. This drawing documents the general requirements of a high performance floating-point digital signal processor
microcircuit, with an operating temperature range of -55°C to +125°C.

1.2 Vendor Item Drawing Administrative Control Number. The manufacturer’s PIN is the item of identification. The vendor item
drawing establishes an administrative control number for identifying the item on the engineering documentation:

V62/05601 - 01 X E
Drawing Device type Case outline Lead finish
number (See 1.2.1) (See 1.2.2) (See 1.2.3)
1.2.1 Device type(s). 1/
Device type Generic Circuit function

01 SM320F2810-EP Digital Signal Processors
02 SM320F2811-EP Digital Signal Processors
03 SM320F2812-EP Digital Signal Processors
04 SM320C2810-EP Digital Signal Processors
05 SM320C2811-EP Digital Signal Processors
06 SM320C2812-EP Digital Signal Processors

1.2.2 Case outline(s). The case outlines are as specified herein.

Outline letter Number of pins JEDEC PUB 95 Package style
X 179 Plastic ball grid array
4 176 JEDEC MS-026 Plastic quad flatpack

1.2.3 Lead finishes. The lead finishes are as specified below or other lead finishes as provided by the device manufacturer:

Finish designator Material
A Hot solder dip
B Tin-lead plate
c Gold plate
D Palladium
E Gold flash palladium
F Tin-lead alloy
z Other

1/ Users are cautioned to review the manufacturers data manual for additional user information relating to this device.
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1.3 Absolute maximum ratings. 2/

Supply voltage ranges, (VDDIO, VDDA1, VDDA2, VDDAIO, AVDDREFBG) ........................................... -0.3Vto+4.6V
Supply voltage ranges, (V33A1/V33A2 to VDDA1/ VDDA2/ AVDDREFBG) .......................................... -0.3Vto+4.6V
AV Y (o Y/ 5Ty TR -0.3Vto+25V
Supply voltage ranges, (VDD, VDD1) «oeeeeuurureteeeeiiaiiiieeiee e ettt e e e e e e eeee e e e s enbbneeeeeeeeaaaes -0.5Vto+2.5V
Vpp3vFL LI 11T L -0.3Vto+4.6V
INPUL VOIEAGE FANGE, (VIN) ---vvrerteeeeiaiitiieitee e et ettt e ettt e e e e e et b et e e e e e e et e e e e e e e e annbnees -0.3Vto+4.6V
Output VOIAGE range, (V0) .ueeeeeeeiieiiiiiiiii ettt et e e e e e e e e e e e e e aanaes -0.3Vto+4.6V
Input clamp current, lik (VIN < 0 OF VIN > VDDIO) «eeeeeetiriuiiiieiiaeeiiiiiiiie e e e e et e e e e eiiineeeeee s +20mA 3/
Output clamp current, lok (Vo <0 OF VO > VDDIO) -uvvvreeeeeemiiiiiiiiiiiee et ee e e e e +20 mA
Analog input (ADCIN) clamp current, total (Max) .......ccuueiiiiiiiiiie e +20mA 4/
Operating ambient temperature ranges, (Ta: M version (GHH)) ..o -55°C to +125°C
Storage temperature range, (TSTG) . .e  asuvvrrrreeeeriiiiitiittee e e e artie e eee e e s arbbbeeeeeeeeaanbbaeeeeeeeaaaaes -65°C to +150°C
1.4 Recommended operating conditions.

Device supply voltage, 1/O, (VDDIO) «-::«xrrettteiiiiiiiiiiiee ettt e e e e e eeenees +3.14 Vto +3.47V
Device supply voltage, CPU (Vpp, Vop1):

T8 WV (185 IMHZ) ittt e et e e e e e et e e aeeeeaanae +1.71V1t01.89V

TLO V (150 IMHZ) ettt e ettt e e e e e e bbb e e e e e e e aanae +1.81t0 +2.0V
SUPPIY GIrOUNG, (VSS) +reeteeeeiiuiitititiee e ettt e e e ettt e e e e e bbb et e e e e e e e bbb e e e e e e e e aanbbneeeeeaeaaanaes ov
ADC SUpp|y voltage (VDDA!, Vopa2, AVDDREFBG, VDDAIO) .......................................................... +3.14 Vto +3.47V
Flash programming SUpply VOItAGE, (VDDBVFL) --«vvvrrreeeeiamiuiieeiieeeeiaiiiteeeeee e s e e ee e e e e aiieeeeas +3.14 Vto +3.47V
Device clock frequency (system clock), (fsvscikour) :

VDD = 1.OV 590 i 2 MHz to 150 MHz

VDD = 1.8V 590 i 2 MHz to 135 MHz
High level input voltage, (ViH) :

AlLINputs @XCePt XCLKIN ......oiiiiiiiiiiiiiiie e a e e +2.0 V to Vopio

XCLKIN (@ 50 LA M@X) .tttteeteee ettt ettt e e e e e e aibb et e e e e e e ansbbneeeeeeeaanes +0.7Vop to Vop
Maximum low level input voltage, (Vi) :

AlLINputs @XCePt XCLKIN ......oiiiiiiiiiiiiiiie et e e e e e e +0.8V

XCLKIN (@ 50 LA M@X) 1.tttteeteeee ettt e e ettt e e ettt e e e e e s aabbbe e e e e e e e e anbbbeeeeaeeeaanaes +0.3Vop
Maximum high level output source current, Von = 2.4 V (Ion) :

All 1/OS €XCEPE GrOUP 2 ...ttt e e e e ettt e e e e e e e nbbbe e e e e e e e e aaaes -4 mA

Group 2 B e e e e e e aaeeas -8 mA
Maximum low level output sink current, VoL = VoL max (lov) :

All 1/OS €XCEPE GrOUDP 2 ....eiiieiiiee ettt ettt e e e e et e e e e e e e bbb e e e e e e e e aanaes 4 mA

Group 2 B e e e e e e aaeeas 8 mA
Ambient temperature, (M version, ) (See figure 4 and figure 5) ...........ccccciiiiiiiiiiiiis -55°C to +125°C

5/

2/ Stresses beyond those listed under “absolute maximum rating” 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.
Continuous clamp current per pin is £2 mA.

continuous clamp current per pin is +2 mA.

4/ The analog inputs have an internal clamping circuit that clamps the voltage to a diode drop above Vppa or below Vss. The

5/ Long term high temperature storage and/or extended use at maximum temperature conditions may result in a reduction of overall

device life.

6/ Group 2 pins are as follows: XINTF pins, PDPINTA , TDO, XCLOUT, XF, ENUO, and EMU1.
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1.5 Recommended operating conditions - Continued.

Thermal resistance characteristics:

Parameter Case X Uniit
Psst 0.658 °C/W
Oua 42.57 °C/W
Oic 16.08 °C/W

2. APPLICABLE DOCUMENTS
JEDEC — SOLID STATE TECHNOLOGY ASSOCIATION (JEDEC)
JEP95 - Registered and Standard Outlines for Semiconductor Devices

(Copies of these documents are available online at https:/www.jedec.org ).

3. REQUIREMENTS

3.1 Marking. Parts shall be permanently and legibly marked with the manufacturer’s part number as shown in 6.3 herein and as
follows:

A. Manufacturer's name, CAGE code, or logo
B. Pin 1 identifier
C. ESDS identification (optional)

3.2 Unit container. The unit container shall be marked with the manufacturer’s part number and with items A and C (if applicable)
above.

3.3 Electrical characteristics. The maximum and recommended operating conditions and electrical performance characteristics are
as specified in 1.3, 1.4, and table | herein.

3.4 Design, construction, and physical dimension. The design, construction, and physical dimensions are as specified herein.

3.5 Diagrams.

3.5.1 Case outlines. The case outlines shall be as shown in 1.2.2 and figure 1.

3.5.2 Terminal connections. The terminal connections shall be as shown in figure 2.

3.5.3 Block diagram. The block diagram shall be as specified in figure 3.

3.5.4 FIT rate versus operating junction temperature. The FIT rate versus operating junction temperature shall be as specified in
figure 4.

3.5.5 Package life time versus operating junction temperature. The package life time versus operating junction temperature shall
be as specified in figure 5.

3.5.6  Current consumption graphs. The current consumption graphs shall be as specified in figure 6.

3.5.7 Testload circuits. The test load circuits shall be as specified in figure 7.

3.5.8 Timing waveforms. The timing waveforms shall be as shown in figure 8- 42.
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TABLE I. Electrical performance characteristics. 1/

No Test Symbol Test condition 2/ Limits Unit
Min Max
High level output voltage Von lon = loH max 2.4 v
lon = 50 pA Vbpio — 0.2
Low level output voltage VoL lot = loL max 0.4 \
Vopio = 3.3V, All 1/0Os 3/ (including -80 -190 A
Low level With pull up I Vin=0V XRS) except EVB
input current GPIOB/EVB 13 -35
With pU" down VDDIO =3.3 V, V|N =0V +2
High level With pull up liH Vopio = 3.3V, Vin=Vop 12 pA
input current | \vith pull down 28 80
Off state output current, high loz Vo = Vppioor 0V +2 pA
impedance state (off state)
Input capacitance G 2 Typ pF
Output capacitance Co 3Typ pF
Input clock frequency
Resonator 20 35 MHz
Input clock frequency fx Crystal 20 35
XCLKIN 4 150
Limp mode clock frequency fi 2 Typ MHz
XCLKIN timing requirements — PLL bypassed or Enabled
C8 | Cycle time, XCLKIN te(cn See figure 8 6.67 250 ns
C9 | Fall time, XCLKIN tci Up to 30 MHz 6
30 MHz to 150 MHz 2
C10 | Rise time, XCLKIN tyc Up to 30 MHz 6
30 MHz to 150 MHz 2
C11 | Pulse duration, X1/XCLKIN low twiciL) 40 60 %
as a percentage of t¢c))
C12 | Pulse duration, X1/XCLKIN high twcih) 40 60
as a percentage of t¢c))
XCLKIN timing requirements — PLL disabled
C8 | Cycle time, XCLKIN te(cn See figure 8 6.67 250 ns
C9 | Fall time, XCLKIN tcn Up to 30 MHz 6
30 MHz to 150 MHz 2
C10 | Rise time, XCLKIN tyc Up to 30 MHz 6
30 MHz to 150 MHz 2
C11 | Pulse duration, X1/XCLKIN low twiciL) XCLKIN < 120 MHz 40 60 %
as a percentage of toc) 120 < XCLKIN < 150 MHz 45 55
C12 | Pulse duration, X1/XCLKIN high tw(ciH) XCLKIN < 120 MHz 40 60
as a percentage of to) 120 < XCLKIN < 150 MHz 45 55
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Min ‘ Max
OUTPUT CLOCK CHARACTERISTICS
XCLKOUT switching characteristics (PLL bypassed or enabled) 3/ 4/
C1 Cycle time, XCLKOUT texco) See figure 8 6.67 5/ ‘ ns
C3 | Fall time, XCLKOUT trxco) 2Typ
C4 | Rise time, XCLKOUT trixco) 2Typ
C5 | Pulse duration, XCLKOUT low tw(xcoL) H-2 H+2
C6 | Pulse duration, XCLKOUT high tw(xcon) H-2 H+2
C7 | PLL lock time 6/ tp 131072t;cy)
RESET TIMING
Reset (%) timing requirements 7/
Pulse duration, stable XCLKIN to XRS high tw(rsL1) See figure 9-12 8te(ci) cycles
___| Pulse duration, XRS | WWarm reset tw(rsL2) 8tecn)
low WhD-initiated reset 512t Typ
Pulse duration, reset pulse generated by tw(woRrs) 512tccy Typ
watchdog
Delay time, address/data valid after XRS taEx) 32tcen Typ
high
Oscillator start-up time tosct 8/ 1 ms
Setup time for XPLLDIS pin tsuxpLLDIS) 16tccry cycles
Hold time for XPLLDIS pin thixpLLDIS) 16tccy
Hold time for XMP/MC pin thoxmp/me) 16tccy
Hold time for boot mode pins th(boot-mode) 2520tyciy 9/
LOW POWER MODE WAKEUP TIMING
IDLE mode switching characteristics (See figure 13)
Pulse duration, external wake up signal tw(WAKE-INT) Without input qualifier 2*t5sco) cycles
With input qualifier 1*tescoyt1QT 10/
Delay time, external wake signal to program
execution resume 11/
- Wake up from Flash Without input qualifier 8*t(sco)
- Flash module in active state
- Wake up from Flash With input qualifier 8*tescotQT 10/
- Flash module in active state td(WAKE-INT)
- Wake up from Flash Without input qualifier 1050*t¢(sco)
- Flash module in sleep state
- Wake up from Flash With input qualifier 1050*t¢scoyHIQT
- Flash module in sleep state 10/
- Wake up from SARAM Without input qualifier 8*t(sco)
- Wake up from SARAM With input qualifier 8*tescotIQT 10/
See notes at end of table.
DEFENSE SUPPLY CENTER, COLUMBUS SIZE | CODE IDENT NO. DWG NO.
COLUMBUS, OHIO A 16236 V62/05601
REV C PAGE 6




TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
LOW POWER MODE WAKEUP TIMING
Standby mode switching characteristics (See figure 14)
Delay time, IDLE instruction executed to tagpLE-xCOH) 32*t¢(sco) cycles
XCLKOUT high
Pulse duration, external wake up signal twwaxeant) | Without input qualifier 12*t(cy
With input qualifier (2+QUALSTDBY)*tc(ciy
12/
Delay time, external wake signal to program
execution resume 11/
- Wake up from Flash . . o .
- Flash mr())dule in active state tawAKE-sTBY) Without input qualifier 127
--Fvl\;aslfier:(’;)dflz(l)eminF;aCSt:-\l/e state With input qualifier 12%t¢(cry + twwAKE-INT)
FVI\; as':]er:g de?QnFlstzp ot Without input qualifier 1125*txsc0)
FVI\; as':]er:g de?QnFls?zzp tate With input qualifier 1125*t5sc0)Hw(WAKENT)
- Wake up from SARAM Without input qualifier 12%t(cy
- Wake up from SARAM With input qualifier 12*t¢(cly + twwAKE-INT)
HALT mode switching characteristics
Delay time, IDLE instruction executed to tagpLexcony | See figure 15 32%y(sco) cycles
XCLKOUT high
Pulse duration, XNMI wakeup signal tw(WAKE-XNMI) 2*t(c
Pulse duration, XRS wake up signal Ew(WAKE-XRS) 8™(cn
PLL lock up time tp 131072%¢(c)
Delay time, PLL lock to program execution
resume
- Wake up from flash tawakE) 1125*¢(sco)
- Flash module in sleep state
- Wake-up from SARAM 35™t¢(sco)
PWM timing
PWM switching characteristics 13/ 14/ (See figure 16)
Pulse duration, PWMx output high/low twpwmy 15/ 25 ns
Delay time, XCLKOUT high to PWMx output tapwmxco XCLKOUT = 10
switching SYSCLKOUT/4
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
PWM timing — Continued
Time and Capture unit timing requirements 16/ 17/ (See figure 17)
Pulse duration, TDIRx low/high tw(TDIR) Without input qualified 2le(sco) cycles
With input qualified 1*tescoyt 1QT
18/
Pulse duration, CAPx input low/high twicar) Without input qualified 2teisco)
With input qualified 1*tescoyt 1QT
18/
Pulse duration, TCLKINx low as a percentage tw(TCLKINL) 4 6 %
of TCLKINXx cycle time 0 0
Pulse duration, TCLKINXx high as a tw(TCLKINH) 4 6
percentage of TCLKINX cycle time 0 0
Cycle time, TCLKINXx tc(TCLKIN) 4*tc(HCO) ns
External ADC start of conversion — EVA — Switching characteristics 19/ (See figure 18)
Delay time, XCLKOUT high to EVASOC low | tdxcor-vasoct) Tesco) cycle
Pulse duration, EVASOC low tw(evasoct) 32(Hco) ns
External ADC start of conversion — EVB — Switching characteristics 19/ (See figure 19)
Delay time, XCLKOUT high to EVBSOC low | tdxcor-gvesoct) Tesco) cycle
Pulse duration, EVBSOC low tw(evesoct) 32(Hco) ns
INTERRUPT TIMING
Interrupt switching characteristics
Delay time, PDPINTX low to PWM high trom o | ithout input qualified 12 ns
impedance state (POP-PWA With input qualified 1*tescoytlQT+
12 18/
Delay time, CxTRIP/TxCTRIP signal low to P Without input qualified 3*ta(sco)
PWM high impedance state (TRIP-PIN) With input qualified [2*tesco)+IQT
18/
Delay time, INT low/high to interrupt vector taonT) tquat12 texco)
fetch
Interrupt timing requirements  (see figure 20)
Pulse duration, INT input low/high twanT) With no qualifier 2teisco) cycles
With qualifier 1*tescoyt1QT 18/
Plus durati SSPINTS inout | i With no qualifier 2*t5sco)
PDP
us duration, X Input fow MEDP) With qualifier T*tosco/QT 18/
- With no qualifier 2*t5(sco)
Plus durati input | t
us duration, CxTRIP input low W(CXTRIP) With qualifier T"toscotQT 18/
- With no qualifier 2*t5sco)
Plus duration, TxCTRIP input | t
us duration, 1x nputiow HDETRE) With qualifier 1*tescoyt1QT 18/
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
GENERAL PURPOSE INPUT/OUTPUT (GPIO) — OUTPUT TIMING
General purpose output switching characteristics (See figure 21)
Delay time, XCLKOUT high to GPIO |OW/high td(XCOH-GPO) All GPIOs 1*tc(sco) cycle
Rise time, GPIO switching low to high tr(cpPo) All GPIOs 10 ns
Fall time, GPIO switching high to low trcro) All GPIOs 10
Toggling frequency, GPO pins fero 20 MHz
General purpose input timing requirements (See figure 22)
Pulse duration, GPIO low/high tuery | Al GPIOs | ith no qualifier 2teisco) cycles
With qualifier 1*tescoyt1QT 18/
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition Limits Unit
2 Min ‘ Max Min ‘ Max
SPI MASTER MODE TIMING
SPI when (SPIBRR+1) | SPI when (SPIBRR+1)
SPI master mode external timing (clock phase =0) 20/ 21/ is even is odd
or SPIBRR=0o0r2 and SPIBRR > 3
1 Cycle time, SPICLK tc(spC)M See figure 23 4tc(|_co) 128tc(|_co) 5tc(|_co) 127tc(|_co) ns
Pulse duration, SPICLK high
2 (clock polarity = 0) ° busperm 23/ 24/ 26/ 27/
22/ .
P(LCI: E)eclg l;'jg(:i:; Sljl)CLK low tw(spcLm 23/ 24/ 26/ 27/
Pulse duration, SPICLK low
3 (clock polarity = 0) bwspeLm 2y 24/ 28/ 29/
22/ . .
Pulse durathn, SPICLK high P 23/ 24/ 28/ 29/
(clock polarity = 1)
Delay time, SPICLK high to
4 | SPISIMO valid (clock polarity = 0) lasporsimo 19 19 19 19
22/ ;
£4 | Delay time, SPICLK low to
SPISIMO valid (clock polarity = 1) laspo-simom 10 10 10 10
Valid time, SPISIMO data valid after ¢ 23/ 28/
5 SPICLK low (clock polarity = 0) V(SPCL-SIMOM £2 £2
22/ | Valid time, SPISIMO data valid after ¢ 23/ 28/
SPICLK high (clock polarity = 1) V{SPCH-SIMOM £2 £2
Setup time, SPIOMI before SPICLK 0
8 low (clock polarity = 0) tsusom-spcLm 0
22/ | Setup time, SPIOMI before SPICLK 0
high (clock polarity = 1) tsusomi-sPcHm 0
Valid time, SPISIMO data valid after 25/ 26/
9 SPICLK low (clock polarity = 0) tu(speL-somm 25 £
22/ | Valid time, SPISIMO data valid after 25/ 26/
SPICLK high (clock polarity = 1) fuisPer-soMim 25 26
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition Limits Unit
2 Min ‘ Max ‘ Min ‘ Max
SPI MASTER MODE TIMING - Continued
SPI when (SPIBRR+1) | SPI when (SPIBRR+1)
SPI master mode external timing (clock phase =1) 20/ 21/ is even is odd
or SPIBRR=0o0r2 and SPIBRR > 3
1 Cycle time, SPICLK tc(spC)M See 4tc(|_co) 128tc(|_co) 5tc(|_co) 127tc(|_co) ns
i i figure 24
Pulse durathn, SPICLK high P g 23/ 24/ 26/ 27/
2 (clock polarity = 0)
22/ .
Pulse durathn, SPICLK low twsPoun 23/ 24/ 26/ 27/
(clock polarity = 1)
Pulse duration, SPICLK low
3 (clock polarity = 0) bwspeLm 2y 24/ 28/ 29/
22/ . .
Pulse durathn, SPICLK high P 23/ 24/ 28/ 29/
(clock polarity = 1)
Setup time, SPISIMO data valid before ¢ 23/ 23/
6 SPICLK high (clock polarity = 0) Su(SIMO-SPCH)M £2 £2
22/ Setup time, SPISIMO data valid before 23/ 23/
SPICLK low (clock polarity = 1) tsusimo-spcLm £2 £2
Valid time, SPISIMO data valid after 23/ 23/
7 | SPICLK high (clock polarity = 0) tuspcH-simom 23 23
22/ | Valid time, SPISIMO data valid after 23/ 23/
SPICLK high (clock polarity = 1) bsPeL-simom 23 23
Setup time, SPISOMI before SPICLK ¢ 0 0
10 | high (clock polarity = 0) Su(SOMI-SPCH)M
22/ | Setup time, SPIOMI before SPICLK ) 0 0
low (clock polarity = 1) SUSOMI-SPCL)M
Valid time, SPISOMI data valid after 25/ 23/
11 | SPICLK high(clock polarity = 0) fysper-somim 25 23
22/ | Valid time, SPISOMI data valid after 25/ 23/
SPICLK low (clock polarity = 1) tu(speL-somm 25 £2
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Min Max
SPI SLAVE MODE TIMING

SPI slave mode external timing (clock phase =0) 20/ 21/
12 | Cycle time, SPICLK tespeys See figure 25 5tecoy 21/ ns
13 Pulse duration, SPICLK high (clock polarity = 0) tw(spcH)s 30/ 31/
22/ | pyise duration, SPICLK low (clock polarity = 1) twispcL)s 30/ 31/
14 Pulse duration, SPICLK low (clock polarity = 0) twispcL)s 30/ 31/
22/ | pyise duration, SPICLK high (clock polarity = 1) tw(spcH)s 30/ 31/
15 Delay time, SPICLK high to SPISOMI valid (clock polarity = 0) ta(spcH-somi)s 32/
22/ Delay time, SPICLK low to SPISOMI valid (clock polarity = 1) taspcL-somns 32/

Valid time, SPISOMI data valid after SPICLK low (clock polarity
16 | =0) tvspcH-somns 33/
22/ | Valid time, SPISOMI data valid after SPICLK high (clock

polarity = 1) tvspcL-somns 33/
19 Setup time, SPISIMO before SPICLK low (clock polarity = 0) tsusimo-spcL)s 0
22/ Setup time, SPISIMO before SPICLK high (clock polarity = 1) tsu(sIMO-SPCH)s 0
20 | Valid time, SPISIMO before SPICLK low (clock polarity = 0) tv(spcL-siMO)s 31/
22/ | valid time, SPISIMO before SPICLK high (clock polarity = 1) tv(sPcH-sIMO)s 31/
SPI slave mode external timing (clock phase =1) 20/ 21/
12 Cycle time, SPICLK tespe)s See figure 26 8tc(Lco) ns
13 Pulse duration, SPICLK high (clock polarity = 0) tw(spcH)s 30/ 31/
22/ | pyise duration, SPICLK low (clock polarity = 1) twispcL)s 30/ 31/
14 Pulse duration, SPICLK low (clock polarity = 0) twispcL)s 30/ 31/
22/ | pyise duration, SPICLK high (clock polarity = 1) tw(spcH)s 30/ 31/
17 Setup time, SPISOMI before SPICLK high (clock polarity = 0) tsu(soMI-sPCH)s 34/
22/ Setup time, SPISOMI before SPICLK low (clock polarity = 1) tsusomi-spcL)s 34/

Valid time, SPISOMI data valid after SPICLK high
18 | (clock polarity = 0) busport-somns 33/
22/ Valid time, SPISOMI data valid after SPICLK low

(clock polarity = 1) buspeL-somns 33/
21 Setup time, SPISIMO before SPICLK high (clock polarity = 0) tsu(siMo-sPCH)s 0
22/ Setup time, SPISIMO before SPICLK low (clock polarity = 1) tsusiMo-sPcL)s 0

Valid time, SPISIMO data valid after SPICLK high tv(spcH-siMO)s
22 (clock polarity = 0) 3
22/ Valid time, SPISIMO data valid after SPICLK low tvspcL-simMo)s 31/

(clock polarity = 1) -
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition Limits Unit
2/ Min Max
EXTERNAL INTERFACE READ TIMING
External memory interface Read switching characteristics
Delay time, XCLOUT high to zone chip select active low taxcon-xzcsy) | See figure 27 1 ns
Delay time, XCLOUT high/low to zone chip select inactive high ta(xcoHL-xzCSH) -2 3
Delay time, XCLOUT high to address valid ta(xcoH-xa) 2
Delay time, XCLOUT high/low to XRD active low ta(xCOoHL-XRDL) 1
Delay time, XCLOUT high/low to XRD inactive high td(XCOHL-XRDH) -2 1
Hold time, address valid after zone chip select inactive high thoxayxzcsH 35/
Hold time, address valid after XRD inactive high thxaxRD 35/
External memory interface Read timing requirements
Access time, read data from address valid taa) See figure 27 (LR+AR)-14 ns
36/
Access time, read data valid from XRD active low taxro) A';(;jz
Setup time, read data valid before XRD strobe inactive high tsup)xrD 12
Hold time, read data valid after XRD inactive high thxp)xRD 0
External memory interface Write switching characteristics
Delay time, XCLOUT high to zone chip select active low taxcon-xzcsy) | See figure 28 1 ns
Delay time, XCLOUT high or low to zone chip select inactive ta(xcoHL-xzcsH) -2 3
high
Delay time, XCLOUT high to address valid td(xcoH-xa) 2
Delay time, XCLOUT high/low to XWE low ta(xCoHLxWEL) 2
Delay time, XCLOUT high/low to XWE high ta(xCOHL-XWEH) 2
Delay time, XCLOUT high/low to XR/W low tapxcon-xRNWL) 1
Delay time, XCLOUT high/low to XR/W high ta(xCOH—XRNWH) -2 1
Enable time, data bus driven from XWE low ten(xp)xwEL 0
Delay time, data valid after XWE active low tapaweL-x) 4
Hold time, address valid after zone chip select inactive high thoxa)xzcsH 35/
Hold time, write data valid after XWE inactive high thoxoxwe TW-2 37/
Data bus disabled after XR/ W inactive high ais(xDXRNW 4
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition Limits Unit
2/ Min Max
EXTERNAL INTERFACE READY ON READ TIMING WITH ONE EXTERNAL WAIT STATE
External memory interface Read switching characteristics(Ready-on-Read, 1 Wait state)
Delay time, XCLOUT high to zone chip select active low taxcoH-xzcsL) See figure 29 1 ns
Delay time, XCLOUT high/low to zone chip select inactive high ta(xcoHL-xzCSH) -2 3
Delay time, XCLOUT high to address valid ta(xcoH-xa) 2
Delay time, XCLOUT high/low to XRD active low ta(xCOoHL-XRDL) 1
Delay time, XCLOUT high/low to XRD inactive high td(XCOHL-XRDH) -2 1
Hold time, address valid after zone chip select inactive high thoxayxzcsH 35/
Hold time, address valid after XRD inactive high thxaxRD 35/
External memory interface Read timing requirements (Ready-on-Read, 1 Wait state)
Access time, read data from address valid taa) See figure 29 (LR+AR)-14 ns
36/
Access time, read data valid from XRD active low tapceo) AI;(-S;IZ
Setup time, read data valid before XRD strobe inactive high tsup)xrD 12
Hold time, read data valid after XRD inactive high thxo)xRD 0
Synchronous XREADY timing requirements (Ready-on-Read, 1 Wait state) 38/
Setup time, XREADY (Synch) low before XCLKOUT high/low tsuxrDYsynchLxcoHL | See figure 29 15 ns
Hold time, XREADY (Synch) low th(XRDYsynchL 12
Earliest time XREADY (Synch) can go high before the sampling te(xRDYsynchH) 3
XCLKOUT edge
Setup time, XREADY (Synch) high before XCLKOUT high/low tsu(XRDYsynchH)XCOHL 15
Hold time, XREADY (Synch) held high after zone chip select high | thxrpysynchH)xzcsH 0
Asynchronous XREADY timing requirements (Ready-on-Read, 1 Wait state) 39/
Setup time, XREADY (Asynch) low before XCLKOUT high/low tsuxRDYAsynchLyxcoHL | See figure 30 11 ns
Hold time, XREADY (Asynch) low th(xRDYAsynchL 8
Earliest time XREADY (Asynch) can go high before the sampling te(XRDYAsynchH) 3
XCLKOUT edge
Setup time, XREADY (Asynch) high before XCLKOUT high/low tsu(XRDYAsynchH)XCOHL 11
Hold time, XREADY (Asynch) held high after zone chip select th(xRDYAsynchH)xzCsH 0
high
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition Limits Unit
2/ Min Max
EXTERNAL INTERFACE READY ON WRITE TIMING WITH ONE EXTERNAL WAIT STATE
External memory interface Write switching characteristics(Ready-on-Write, 1 Wait state)
Delay time, XCLOUT high to zone chip select active low taxcoH-xzcsL) See figure 31 1 ns
Delay time, XCLOUT high or low to zone chip select inactive high ta(xcoHL-xzCSH) -2 3
Delay time, XCLOUT high to address valid ta(xcoH-xa) 2
Delay time, XCLOUT high/low to XWE low ta(xCOHLxWEL) 2
Delay time, XCLOUT high/low to XWE high ta(xCOHL-XWEH) 2
Delay time, XCLOUT high/low to XR/ W low ta(xCoH-xRNWL) 1
Delay time, XCLOUT high/low to XR/W high tapxcoH—xRNWH) -2 1
Enable time, data bus driven from XWE low ten(xD)xwEL 0
Delay time, data valid after XWE active low taxweL-xD) 4
Hold time, address valid after zone chip select inactive high thoxayxzcsH 35/
Hold time, write data valid after XWE inactive high thxopxwe T3V\;;2
Data bus disabled after XR/W inactive high Lais(xDXRNW 4
Synchronous XREADY timing requirements (Ready-on-Write, 1 Wait state) 38/
Setup time, XREADY (Synch) low before XCLKOUT high/low tsuxrDYsynchLxcoHL | See figure 31 15 ns
Hold time, XREADY (Synch) low th(xRDYsynchL 12
Earliest time XREADY (Synch) can go high before the sampling te(xRDYsynchH) 3
XCLKOUT edge
Setup time, XREADY (Synch) high before XCLKOUT high/low tsu(XRDYsynchH)XCOHL 15
Hold time, XREADY (Synch) held high after zone chip select high | thxrpysynchH)xzcsH 0
Asynchronous XREADY timing requirements (Ready-on-Write, 1 Wait state) 39/
Setup time, XREADY (Asynch) low before XCLKOUT high/low tsuxRDYAsynchLyxcoHL | See figure 32 11 ns
Hold time, XREADY (Asynch) low th(xRDYAsynchL 8
Earliest time XREADY (Asynch) can go high before the sampling te(XRDYAsynchH) 3
XCLKOUT edge
Setup time, XREADY (Asynch) high before XCLKOUT high/low tsu(XRDYAsynchH)XCOHL 11
Hold time, XREADY (Asynch) held high after zone chip select th(xRDYAsynchH)xzCsH 0
high
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition Limits Unit
2/ Min Max
XHOLD / XHOLDA TIMING
XHOLD/ XHOLDA timing requirements (XCLKOUT = XTIMCLK) 40/ 41/
Delay time, XHOLD low to Hi-Z on all address, data, and ta(HL-Hiz) See figure 33 Atcparimy ns
control
Delay time, XHOLD low to XHOLDA low taHL-HAL) Steperim
Delay time, XHOLD high to XHOLDA high taHH-HAH) Steperim
Delay time, XHOLD high to bus valid taHH-Bv) Hopxim)
XHOLD/ XHOLDA timing requirements (XCLKOUT = 1/2 XTIMCL) 40/ 41/ 42/
Delay time, XHOLD low to Hi-Z on all address, data, and ta(HL-Hiz) See figure 34 Atcpmmytexco) ns
control
Delay time, XHOLD low to XHOLDA low taHL-HAL) Hopxmimy+2texco)
Delay time, XHOLD high to XHOLDA high taHH-HAH) Hopxim)
Delay time, XHOLD high to bus valid taHH-Bv) Bterxriv)
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
ON CHIP ANALOG TO DIGITAL CONVERTER
ADC electrical characteristics — DC specifications
Resolution 12 Bits
1 kHz
ADC clock 44/ 5 MHz
Accuracy
INL (integral nonlinearity) 45/ 1- 18.75 MHz ADC clock +1.5 LSB
DNL (Differential nonlinearity) 45/ 1- 18.75 MHz ADC clock +1
Offset error 46/ -80 80
Overall gain error with internal reference 47/ -200 200
Overall gain error with external reference 47/ If ADCREFP-ADCREFM =1V -50 50
+0.1%
Channel to channel offset variation +8 Typ
Channel to channel Gain variation +8 Typ
Analog input
Analog input voltage (ADCINx to ADCLO) 49/ 0 3 V
Adclo -5 mV
Input capacitance 10 Typ pF
Input leakage current +5 pA
Internal Voltage reference 47/
Accuracy, ADCVgerp 1.9 2.1 V
Accuracy, ADCVgerm 0.95 1.05
Voltage difference, ADCREFP-ADCREFM 1 Typ
Temperature coefficient 50 Typ PPM/°C
Reference noise 100 Typ pnv
External Voltage reference 48/
Accuracy, ADCVgerp 1.9 2.1 V
Accuracy, ADCVgerm 0.95 1.05
Input voltage difference, ADCREFP-ADCREFM 0.99 1.01
AC specifications
Signal to noise ratio + distortion SINAD 62 Typ dB
Signal to noise ratio SNR 62 Typ
Total harmonic distortion THD(100 kHz) -68 Typ
Effective number of bits ENOB(SNR) 10.1 Typ Bits
Spurious free dynamic range SFDR 69 Typ dB
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
ON CHIP ANALOG TO DIGITAL CONVERTER - Continued
ADC power up Delays 50/
Delay time for band gap reference to be stable. See figure 35 ms
Bits 6 and 5 of the ADCTRL3 register (PWDNBG ta(BGR) 7 10
and PWDNREF) are to be set to 1 before the
PWDNADC bit is enabled
Delay time for power down control to be stable.
Bit 7 of the ADCTRL3 register (PWDNADC) is to taPwo) 0.02 1
be set to 1 before any ADC conversions are
initiated
Sequential sampling mode timing 51/ See figure 36
Sample n Samplen + 1 51/
Delay time from even trigger to sampling tash) 2.5tapccLk) ns
Sample/Hold width/Acquisition width 52/ tsh (1+Acgps)* 40 ns with Acgps =0
teapceLK) Typ
Delay time for first result to appear in the Result taschx_n) 4teapccLk) 160 Typ
register
Delay time for successive results to appear in the td(schx_n+1) (2+Acqps)* 80 Typ
Result register te(apceLk)
Simultaneous sampling mode timing 51/  See figure 37
Sample n Samplen + 1 51/
Delay time from even trigger to sampling ta(sH) 2.5t¢apceLk) ns
Sample/Hold width/Acquisition width 52/ tsh (1+Acqgps)* 40 ns with Acgps =0
teapceLk) Typ
Delay time for first result to appear in the Result ta(schao_n) 4teapccLk) 160 Typ
register
Delay time for first result to appear in the Result ta(schBo_n) 5tcapceLk) 200 Typ
register
Delay time for successive result to appear in the td(schAo_n+1) (3+Acqps)* 120 Typ
Result register te(apceLk)
Delay time for successive results to appear in the td(schBo_n+1) (3+Acqps)* 120 Typ
Result register te(apceLk)
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Min Max
MULTICHANNELBUFFERED SERIAL PORT (McBSP) TIMING
McBSP timing requirements
McBSP module clock (CLKG, CLKX, CLKR) See figure 38 0.001 20 55/ | MHz
range
McBSP module cycle time (CLKG, CLKX, CLKR) 50 1000 ns
range
M11 | Cycle time, CLKR/X te(ckrx) CLKR/X ext 2P
M12 | Pulse duration, CLKR/X high or CLKR/X low tw(CKRrX) CLKR/X ext P-7
M13 Rise time, CLKR/X tr(CKRX) CLKR/X ext 7
M14 Fall time, CLKR/X tf(CKRX) CLKR/X ext 7
. . CLKR int 18
M15 | Setup time, external FSR high before CLKR low tsu(FRH-CKRL) CLKR ext 5
. . CLKR int 0
M16 | Hold time, external FSR high after CLKR low th(CKRL-FRH) CLKR ext 6
. . CLKR int 18
M17 | Setup time, DR valid before CLKR low tsu(DRV-CKRL) CLKR ext 5
) ) CLKR int 0
M18 | Hold time, DR valid after CLKR low th(ckRrI-DRV) CLKR ext 6
. . CLKR int 18
M19 | Setup time, external FSR high before CLKX low tsu(FxH-CKXL) CLKR ext 5
. . CLKR int 0
M20 | Hold time, external FSR high after CLKX low th(ckxL-FXH) CLKR ext 6
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Min Max
MULTICHANNELBUFFERED SERIAL PORT (McBSP) TIMING
McBSP switching characteristics 53/ 54/
M1 | Cycle time, CLKR/X te(ckrx) CLKR/X int 2P ns
M2 | Pulse duration, CLKR/X high 56/ tw(CKRXH) CLKR/X int D-5 D+5
M3 | Pulse duration, CLKR/X low 56/ tw(CKRrXL) CLKR/X int C-5 C+5
M4 Delay time, CLKR high to internal FSR valid td(CKRH-FRV) CLKR int 0 4
CLKR ext 3 27
M5 Delay time, CLKX high to internal FSX valid ta(cKxH-FxV) CLKX int 0 4
CLKX ext 3 27
M6 Disable time, CLKX high to DX high impedance tdis(CKXH-DXHZ) CLKX int 8
following last data bit transmitted CLKX ext 14
Delay time, CLKX high to DX valid. This applies to CLKX int 9
all bits except the first bit transmitted. CLKX ext o8
Delay time, CLKX high to DX valid _ CLKX int 8
M7 PXENA=D | taciosiom CLKX ext 14
Only applies to first bit transmitted CLKX int P+8
when in data delay 1 or 2 DXENA = 1 CLKX oxt P14
(XDATDLY = 01b or 10b) modes = ex
Enable time, CLKX high to DX driven DXENA = 0 CLKX int 0
CLKX ext 6
M8 | Only applies to first bit transmitted ten(CKXH-DX) CLKX int =
when in data delay 1 or 2 DXENA = 1 CLKX oxt P16
(XDATDLY = 01b or 10b) modes B ex
Delay time, FSX high to DX valid DXENA = 0 FSX int 8
FSX ext 14
M9 | Only applies to first bit transmitted td(FXH-DXV) FSX int P+8
when in data delay 0 DXENA = 1 FSX ext P14
(XDATDLY = 00b) modes = ex
Enable time, FSX high to DX driven DXENA = 0 FSX int 0
FSX ext 6
M10 | Only applies to first bit transmitted ten(FXH-DX) FSX int =
when in data delay 0
(XDATDLY = 00b) modes DXENA =1 FSX ext P+6
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Master Slave
Min Max Min Max
MULTICHANNELBUFFERED SERIAL PORT (McBSP) TIMING - Continued
McBSP as SPI Master or Slave timing requirements (CLKSTP = 10b, CLKXP = 0)
M30 | Setup time, DR valid before CLKX low tsuprv-ckxt) | See figure 39 P-10 8P-10 ns
M31 Hold time, DR valid after CLKX low th(CKXL-DRV) P-10 8P-10
M32 | Setup time, FSX low before CLKX high | tsu@rxL-ckxH) 8P+10
M33 Cycle time, CLKX tc(CKX) 2P 16P
McBSP as SPI Master or Slave switching characteristics (CLKSTP = 10b, CLKXP =0) 57/
M24 | Hold time, FSX low after CLKX low therxerxty | See figure 39 2P ns
M25 | Delay time, FSX low to CLKX high taFXL-CKXH) P
M28 | Disable time, DX high impedance tdis(FXH-DXHZ) 6 6P+6
following last data bit from FSX high
M29 | Delay time, FSX low to DX valid taExL-Dxv) 6 4P+6
McBSP as SPI Master or Slave timing requirements (CLKSTP = 11b, CLKXP=0) 57/
M39 | Setup time, DR valid before CLKX high | tsuprv-ckxHy | See figure 40 P-10 8P-10 ns
M40 Hold time, DR valid after CLKX high th(CKXH-DRV) P-10 8P-10
M41 | Setup time, FSX low before CLKX high tsu(FXL-CKXH) 16P+10
M42 Cycle time, CLKX tc(CKX) 2P 16P
McBSP as SPI Master or Slave switching characteristics (CLKSTP = 11b, CLKXP =0) 57/
M34 | Hold time, FSX low after CLKX low thckxerxty | See figure 40 P ns
M35 Delay time, FSX low to CLKX high td(FXL-CKXH) 2P
M37 | Disable time, DX high impedance tdis(FXH-DXHZ) P+6 7P+6
following last data bit from CLKX low
M38 | Delay time, FSX low to DX valid taExL-DxV) 6 4P+6
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

No Test Symbol Test condition 2/ Limits Unit
Master Slave
Min Max Min Max
MULTICHANNELBUFFERED SERIAL PORT (McBSP) TIMING - Continued
McBSP as SPI Master or Slave timing requirements (CLKSTP = 10b, CLKXP = 1)
M49 | Setup time, DR valid before CLKX high | tsuprv-ckxHy | See figure 41 P-10 8P-10 ns
M50 Hold time, DR valid after CLKX high th(CKXH-DRV) P-10 8P-10
M51 | Setup time, FSX low before CLKX low tsu(FXL-CKXL) 8P+10
M52 Cycle time, CLKX tc(CKX) 2P 16P
McBSP as SPI Master or Slave switching characteristics (CLKSTP = 10b, CLKXP =1) 57/
M43 | Hold time, FSX low after CLKX high thckxHrxt) | See figure 41 2P ns
M44 | Delay time, FSX low to CLKX low taExL-ckxL) P
M47 | Disable time, DX high impedance tdis(FXH-DXHZ) 6 6P+6
following last data bit from FSX high
M48 | Delay time, FSX low to DX valid taExL-Dxv) 6 4P+6
McBSP as SPI Master or Slave timing requirements (CLKSTP = 11b, CLKXP=1) 57
M58 | Setup time, DR valid before CLKX low tsuprv-ckxy) | See figure 42 P-10 8P-10 ns
M59 Hold time, DR valid after CLKX low th(CKXL-DRV) P-10 8P-10
M60 | Setup time, FSX low before CLKX low tsu(FXL-CKXL) 16P+10
M61 Cycle time, CLKX tc(CKX) 2P 16P
McBSP as SPI Master or Slave switching characteristics (CLKSTP = 11b, CLKXP =1) 57/
M53 | Hold time, FSX low after CLKX high th(CKXH-FXL) See figure 42 P ns
M54 | Delay time, FSX low to CLKX low taExL-crx) 2P
M56 | Disable time, DX high impedance tdis(CKXH-DXHZ) P+6 7P+6
following last data bit from CLKX high
M57 | Delay time, FSX low to DX valid taFxL-DXV) 6 4P+6
See notes at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol | Test condition 2/ Limits Unit
Min Max
FLASH TIMING (F281X ONLY)
Recommended operation conditions
Flash endurance for the array (Write/erase cycles) Nt 0°C to 85°C 100 cycles
OTP endurance for the array (Write cycles) Notp 0°C to 85°C 1 write
Flash parameters at 150 MHz SYSCLKOUT 58/
16 Bit Word 35 Typ us
Program time 8K Sector 170 Typ ms
16K Sector 320 Typ ms
Erase time 8K Sector 10 Typ S
16K Sector 11 Typ S
VDD3VFL current consumption during the Erase loD3VELP 75 Typ mA
Erase/Program cycle Program 35 Typ
Vpp current consumption during the Erase/Program cycle Ipop 140 Typ
Iopiop current consumption during the Erase/Program cycle Ippiop 20 Typ
Flash/OTP access timing 59/
Paged Flash access time taip) 36 ns
Random access time tar) 36
OTP access time taoTP) 60
Minimum required Wait States at different frequencies
SYSCLKOUT (MHz) SYSCLKOUT (ns) Page Wait state 60/ Random Wait state 60/ 61/
150 6.67 5 5
120 8.33 4 4
100 10.00 3 3
75 13.33 2 2
50 20.00 1 1
30 33.33 1 1
25 40.00 0 1
15 66.67 0 1
4 250.00 0 1
See notes at end of table.
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TABLE I. Electrical performance characteristics — Continued.

1/ Testing and other quality control techniques are used to the extent deemed necessary to assure product performance over
the specified temperature range. Product may not necessarily be tested across the full temperature range and all
parameters may not necessarily be tested. In the absence of specific parametric testing, product performance is assured by
characterization and/or design.

2/  Test conditions are over recommended ranges of supply voltage and operating case temperature unless otherwise specified.
Device type: All.

3/ Aload of 40 pF is assumed for these parameters.

4/ H= 0.5tc(xco)

5/ The PLL must be used for maximum frequency operation.

6/  This parameter has changed from 4096 XCLKIN cycles in the earlier revisions of the silicon.

7/ If external oscillator/clock source are used, reset time has to be low at least for 1 ms after Vpp reaches 1.5 V.

8/ Dependent on crystal/resonator and board design.

9/ The boot ROM reads the password locations. Therefore, this timing requirement include the wakeup time for flash. See
manufacturer for more details.

10/ Input Qualification Time (IQT) =[5 x QUALPRD x 2] * t¢scoy).

11/ This is the time taken to begin execution of the instruction that immediately follows the IDLE instruction. Execution of an ISR
(triggered by the wake-up) signal involves additional latency.

12/ AUALSTDBY is a 6 bit field in the LPMCRO register.

13/ See the GPIO output timing for fall/rise times for PWM pins.

14/ PWM pin toggling frequency is limited by the GPIO output buffer switching frequency (20 MHz).

15/ PWM outputs may be 100%, 0%, or increments of tc+co) with respect to the PWM period.

16/ The QUALPRD bit field value can range from 0 (no qualification) through OxFF (510 SYSCLKOUT cycles). The qualification
sampling period is 2n SYSCLKOUT cycles, where “n” is the value stored in the QUALPRD bit field. As an example, when
QUALPRD = 1, the qualification sampling period is 1 x 2 =2 SYSCLKOUT cycles (i.e., the input is sampled every 2
SYSCLKOUT cycles). Six such samples will be taken over five sampling windows, each window being 2n SYSCLKOUT
cycles. For QUALPRD = 1, the minimum width that is needed is 5 x 2 = 10 SYSCLKOUT cycles. However, since the
external signal is driven asynchronously, a 11 SYSCLKOUT wide pulse ensures reliable recognition.

17/  Maximum input frequency to the QEP = min[HSPCLK/2, 20 MHZz].

18/ Input Qualification Time (IQT) =[5 x QUALPRD x 2]*t¢(scoy).

19/ XCLKOUT = SYSCLKOUT.

20/ The MASTER/SLAVE bit (SPICTL.2) is set and the CLOCK PHASE bit (SPICTL.3) is cleared.

21/ tespcy = SPI clock cycle time = LSPCLK or LSPCLK

4 (SPIBRR +1)
teco) = LSPCLK cycle time.

22/ The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPICCR.6).

Note: Internal clock prescalers must be adjusted such that the SPI clock speed is not greater than the 1/0O buffer speed signal
limit (20 MHz).

23/ 0.5tyspcym— 10

24/ 0.5tyspcym

é/ 0.25tc(3pc)|\/| -10

26/ 0.5tyspcym — 0.5t¢Lcoy— 10

27/  0.5tyspcym — 0.5t¢(Lco)

28/ 0.5tyspcym + 0.5tcco)— 10

29/ 0.5tyspcym + 0.5t co)

30/ 0.5tyspc)s — 10

31/ 0.5tyspcys

32/ 0.375t¢spcys — 10

33/ 0.75tspc)s

ﬂ/ 0.1 25tc(3pc)3

35/ During inactive cycles, the XINTF address bus will always hold the last address put out on the bus. This includes alignment
cycles.

36/ LR = Lead period, read access. AR = Active period, read access.
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TABLE |. Electrical performance characteristics - Continued.

37/ TW = Trail period, write access.
38/ The first XREADY (Synch) sample occurs with respect to E in figure 29:
E = (XRDLEAD + XRDACTIVE) t¢xxmim)
When first sampled, if XREADY (Synch) is found to be high, then the access will complete. If XREADY (Synch) is found to
be low, it will sampled again each t¢xmimy until it is found to be high.
For each sample (n) the setup time (D) with respect to the beginning of the access can be calculated as:
D = (XRDLEAD + XRDACTIVE + n — 1)texTim) — tsuixrovsynchLyxcoHL Where n is the sample number: n = 1,2,3, and so forth.

39/ The first XREADY (Asynch) sample occurs with respect to E in figure 30:

E = (XRDLEAD + XRDACTIVE - 2) texxmim)

When first sampled, if XREADY (Asynch) is found to be high, then the access will complete. If XREADY (Asynch) is found to
be low, it will sampled again each t¢xmimy until it is found to be high.

For each sample (n) the setup time (D) with respect to the beginning of the access can be calculated as:

D = (XRDLEAD + XRDACTIVE + n — 3)texTim) — tsu(xrDYasynehLixcoHL Where n is the sample number: n = 1,2,3, and so forth.

40/ When a low signal detected on XHOLD, all pending XINTF accesses will be completed before the bus is placed in a high
impedance state.

41/ The state of XHOLD is latched on the rising edge of XTIMCLK.

42/ After XHOLD is detected low or high, all bus transactions and XHOLDA transactions will occur with respect to the rising
edge of XCLKOUT. Thus, for this mode where XCLKOUT = 1/2 XTIMCLK, the transitions can occur up to 1 XTIMCLK cycle
earlier than the maximum value specified.

43/ Tested at 12.5 MHz ADDCLK.

44/ If SYSCLKOUT < 25 MHz, ADC clock < SYSCLKOUT/2.

45/ The INL degrades for frequencies beyond 18.75 MHz — 25 MHz. Applications that require these sampling rates should use a
20K resistor as bias resistor on the ADCRESEXT pin. This improve overall linearity and typical current drawn by the ADC will
be a few mA more than 24.9 kQ bias.

46/ 1 LSB has the weighted value of 1.0/4096 = 0.732 V.

47/ A single internal band gap reference (+5% accuracy) sources both ADCREFP and ADCREFM signals, and hence, these
voltages track together. The ADC converter uses the difference between these two as its reference. The total gain error will
be the combination of the gain error shown here and the voltage reference accuracy (ADCREFP — ADCREFM). A software
based calibration procedure is recommended for better accuracy.

48/ In this mode, the accuracy of external reference is critical for overall gain. The voltage difference (ADCREFP — ADCREFM)
will determine the overall accuracy.

49/ Voltages above Vppa + 0.3 V or below Vss — 0.3 V applied to an analog input pin may temporarily affect the conversion of
another pin. To avoid this, the analog inputs should be kept within these limits.

50/ These delay are necessary and recommended to make the ADC analog reference circuit stable before conversions are
initiated. If conversions are stated without these delays, the ADC results will show a higher gain. For power down, all three
bits can be cleared at the same time.

ﬂ/ At 25 MHz ADC clock, tc(ADCCLK) =40 ns.

52/ Acqcps value =0—-15 ADCTRL1[18:1]

53/ Polarity bits CLKRP = CLKXP = FSRP = FSXP = 0. If the polarity of any of the signals is inverted, then the timing references
of that signal are also inverted.

_ . . _  CLKSRG
54/ 2P =1/CLKG in ns. CLKG is the output of sample rate generator mux. CLKG = —————— where CLKSRG can be
(1+ CLKGDV)
LSPCLK, CLKX, CLKR as source. CLKSRG < (SYSCLKOUT/2). McBSP performance is limited by 1/O buffer switching
speed.

55/ Internal clock prescalers must be adjusted such that the McBSP clock (CLKG, CLKX, CLKR) speeds are not greater than the
I/O buffer speed limit (20 MHz).

56/ C = CLKRX low pulse width = P
D = CLKRX high pulse width = P
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TABLE |. Electrical performance characteristics - Continued.

57/ 2P =1/CLKG. For all SPI slave modes, CLKX has to be minimum 8 CLKG cycles. Also CLKG should be LSPCLK/2 by
setting CLKSM = CLKGDV = 1. With maximum LSPCLK speed of 75 MHz, CLKX maximum frequency will be LSPCLK/16,

thatis 4.5 MHz and P = 13.3 ns.

58/ Typical parameters as seen at room temperature using flash APl V1 including function call overhead.

59/ For 150 MHz, PAGE WS = 5 and RANDOM WS =5
For 135 MHz, PAGE WS =4 and RANDOM WS = 4
60/ Formulas to compute page wait state and random wait state:

t
Page Wait State = Ktaﬂ]—‘ll (round up to the highest integer), or O whichever is larger
¢(SCO)

t
Random Wait State = ﬂta&} —1] round up to the highest integer), or 1 whichever is larger
¢(SCO)

61/ Random wait state must be greater than or equal to 1.
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Case X

SEATING
PLANE
[]0.10(.004) =
— [\ f—-— iA ?1—{E1 -
el
— D/E — 1 [ A2 —>|‘|::e ‘
i | | |
T
b P 6oooooéléoooooé
D Nl OO0O00000000000
D Ml O0O0O0000I0OO0O0O00
D Ll 0000000000000 0
D Kl O0O0O0000|I0000000 | el
D J] 00000 O00O0O0 _*_
b H| 00000 | 00000
D G| OO0OO0O ‘_ O0OO000O|
D FI| O0O00O0 ! O00O0O0 T ;
D E OOOOOOOlOOOOOOO e
D D] OO0OOO0OO0IOOOOOO
AL CORNER b | 00000000000000
\ D i B| OOOO0OO0O0O000O00000
\3 A OOOOOOOlOOOOOOO
1.3 5 7 9 11 13
Al_..{l__b 2 4 6 8 10 12 14
l$|¢0'08['003)®| BOTTOM VIEW
Dimensions
Symbol Mllllmeters .Inches Symbol Mllllmeters . Inches
Min Max Min Max Min Max Min Max
A 1.40 .055 D/E 11.90 | 12.10 469 476
A1 0.85 0.95 .033 .037 D1/E1 10.40 Typ 409 Typ
A2 0.35 0.45 .014 .018 e 0.40 Typ .016 Typ
b 0.45 0.55 .018 .022 el 0.80 Typ .031 Typ

Notes:

1. This drawing is subject to change without notice.

2. MicroStar BGA configuration.
3. This package is not lead free and needs a minimum reflow temperature of 220°C but not exceeding 235°C.

FIGURE 1. Case outlines.
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Case Z

A

DETAIL A

DETAIL

SEE‘R\/’/
=

GAGE
PLANE

SEATING
PLANE

Dimensions
Symbol Millimeters Inches Symbol Millimeters Inches

Min Max Min Max Min Max Min Max
A 1.35 1.45 .053 .057 D/E 25.80 | 26.20 | 1.016 1.031
A1 1.60 .063 D1/E1 23.80 | 24.20 .937 .953

A2 0.05 .002 D2/E2 21.50 TYP 846 TYP

0.17 0.27 .007 .011 e 0.50 TYP 020 TYP
0.13 NOM .005 NOM L 0.45 0.75 .018 .030

Notes:

1. This drawing is subject to change without notice.
2. Fall within JEDEC MS-026.

3. This package is lead free and needs a minimum reflow temperature of 220°C but not exceeding 235°C.

FIGURE 1. Case outlines - Continued.
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Case X

Pin Signal name Pin Signal name Pin | Signal name || Pin Signal name Pin Signal name
No No No No No
B1 ADCINB2 C1 ADCINB3 D1 ADCINB6 E1 AVDDREFBG
A2 Vssaio B2 Vbpaio C2 ADCINBO D2 ADCINB5 E2 ADCREFP
A3 ADCINAO B3 ADCLO C3 ADCINB1 D3 ADCINB4 E3 AVSSREFBG
A4 ADCINA4 B4 ADCINA3 C4 ADCINA2 D4 ADCINA1 E4 ADCREFM
A5 Vbpa2 B5 ADCINA7 C5 Vssa2 D5 ADCINA6 E5 ADCINA5
AG Voo B6 XREADY C6 Vsst D6 XRS E6 ADCBGREFIN
A7 SCIRXDA B7 XA[17] c7 | SCITXDA | p7 XA[18] E7 XHOLD
A8 XA[16] B8 Vss C8 Vbp D8 XINT2_ADCSOC E8 XNMI_XINT13
A9 XD[15] B9 XA[15] c9 EMU1 D9 XINT1_XBIO E9 Vboio
A10 XA[14] B10 Voo C10 Vss D10 Vss E10 XA[13]
A11 | XF_XPLLDIS | B11 XD[14] c11 XA[12] D11 EMUO E11 C2TRIP
A12 TCK B12 TRST c12 XA[10] D12 TDO E12 XA[8]
A13 TESTSEL B13 XZCS6AND7 C13 TDI D13 TMS E13 CITRIP
A14 XA[11] B14 Vss C14 Voo D14 XA[9] E14 Vss
F1 XMP/MC G1 MDXA H1 Voo J1 MCLKXA
F2 ADCRESEXT G2 MDRA H2 MCLKRA J2 MFSRA
F3 Vssai G3 XDI0] H3 XD[1] J3 XD[3]
F4 Vbbpa1 G4 Vss H4 MFSXA J4 Vbbio
F5 ADCINB7 G5 XA[0] H5 XD[2] J5 XDI5]
F10 C3TRIP G10 | T2CTRIP/EVASOC H10 CAP1_QEP1 J10 XD[13]
F11 XCLKOUT G11 Vbbio H11 CAP2_QEP2 J11 T1PWM_T1CMP
F12 XA[7] G12 Voo H12 CAP3_QEPI1 J12 XA[4]
F13 TCLKINA G13 Vss H13 XA[5] J13 T2PWM_T2CMP
F14 TDIRA G14 XA[6] H14 | TICTRIP _PDPINTA | J14 Vss
K1 Vss L1 Voo M1 | SPISIMOA | N1 SPISOMIA P1 XZCSOANDA
K2 SPICLKA L2 Vss M2 XA[1] N2 PWM7 P2 PWM8
K3 XD[4] L3 XDI[6] M3 XRD N3 PWM9 P3 PWM10
K4 SPISTEA L4 PWM11 M4 PWM12 N4 XR/'W P4 Vss
K5 | T3PWM_T3CMP || L5 XD[7] M5 | CAP4 QEP3 || N5 T4PWM_T4CMP P5 Vob
K6 Vss L6 C5TRIP M6 | CAP5_QEP4 | N6 CA4TRIP P6 CAP6_QEPI2
K7 C6TRIP L7 Vooio M7 TEST1 N7 TEST2 P7 XDI[8]
K8 TCLKINB L8 TDIRB M8 XD[9] N8 Vbb3vrL P8 Vss
K9 X1/XCLKIN L9 XD[10] M9 X2 N9 XD[11] P9 Vbob
K10 XHOLDA L10 Vooio M10 Vss N10 XA[2] P10 | T3CTRIP _PDPINTB
K11 PWM5 L11 Vss M11 XA[3] N11 XWE P11 | T4CTRIP/EVBSOC
K12 Vop L12 PWM3 M12 PWMA1 N12 CANTXA P12 Vop
K13 Vss L13 PWM4 M13 | SCIRXDB | N13 CANRXA P13 XZCS2
K14 PWM6 L14 XD[12] M14 PWM2 N14 Vbbio P14 SCITXDB
FIGURE 2. Terminal connections.
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Case Z

Pin Signal name Pin Signal name Pin Signal name Pin Signal name Pin Signal name
No No No No No
1 Vbpaio 37 Voo 72 TCLKINB 107 CAP2_QEP2 142 Vss
2 ADCINBO 38 Vss 73 XD[10] 108 XA[5] 143 Voo
3 ADCINB1 39 XDI[6] 74 XD[11] 109 CAP3_QEPI1 144 XA[14]
4 ADCINB2 40 SPISIMOA 75 Vop 110 | TICTRIP_PDPINTA | 145 Vboio
5 ADCINB3 41 SPISOMIA 76 X2 111 XA[6] 146 EMU1
6 ADCINB4 42 XRD 77 X1/CLKIN 112 Voo 147 XD[15]
7 ADCINB5 43 XA[1] 78 Vss 113 Vss 148 XA[15]
8 ADCINB6 44 XZCSOAND1 79 | T3CTRIP_PDPINTB || 114 Vbbio 149 XINT1_XBIO
9 ADCINB7 45 PWM7 80 XA[2] 115 | T2CTRIP/EVASOC | 150 XNMI_XINT13
10 ADCREFM 46 PWM8 81 Vbbio 116 TDIRA 151 | XINT2_ADCSOC
11 ADCREFP 47 PWM9 82 XHOLDA 117 TCLKINA 152 XA[16]
12 | AVSSREFBG | 48 PWM10 83 | T4CTRIP/EVBSOC | 118 XA[7] 153 Vss
13 | AVDDREFBG | 49 PWM11 84 XWE 119 XCLKOUT 154 Vbp
14 VDA 50 PWM12 85 XA[3] 120 Vss 155 SCITXDA
15 Vssai 51 XR/W 86 Vss 121 XA[8] 156 XA[17]
16 | ADCRESEXT | 52 Vss 87 CANTXA 122 C1TRIP 157 SCIRXDA
17 XMP/MC 53 | T3PWM_T3CMP | 88 XZCS2 123 C2TRIP 158 XA[18]
18 XA[0] 54 XD[7] 89 CANRXA 124 C3TRIP 159 XHOLD
19 Vss 55 | T4PWM_T4CMP | 90 SCITXDB 125 XA[9] 160 XRS
20 MDRA 56 Voo 91 SCIRXDB 126 ™S 161 XREADY
21 XD[0] 57 CAP4_QEP3 92 PWM1 127 TDO 162 Vop1
22 MDXA 58 Vss 93 PWM2 128 Vbob 163 Vss1
23 Voo 58 CAP5_QEP4 94 PWM3 129 Vss 164 ADCBGREFIN
24 XD[1] 60 CAP6_QEP12 95 PWM4 130 XA[10] 165 Vssaz
25 MCLKRA 61 CATRIP 96 XD[12] 131 TDI 166 Vbpaz
26 MFSXA 62 C5TRIP 97 XD[13] 132 XA[11] 167 ADCINA7
27 XD[2] 63 C6TRIP 98 PWM5 133 'XZCS6AND7 168 ADCINA6
28 MCLKXA 64 Vboio 99 Vss 134 TESTSEL 169 ADCINA5
29 MFSRA 65 XD[8] 100 Voo 135 TRST 170 ADCINA4
30 XD[3] 66 TEST2 101 PWM6 136 TCK 171 ADCINA3
31 Vopio 67 TEST1 102 | T1PWM_T1CMP | 137 EMUO 172 ADCINA2
32 Vss 68 XD[9] 103 XA[4] 138 XA[12] 173 ADCINA1
33 XD[4] 69 VppaveL 104 | T2PWM _T2CMP | 139 XD[14] 174 ADCINAQ
34 SPICLKA 70 Vss 105 Vss 140 XF_XPLLDIS 175 ADCLO
35 SPISTEA 71 TDIRB 106 CAP1_QEP1 141 XA[13] 176 Vssaio
36 XD[5]
FIGURE 2. Terminal connections - Continued.
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< GPIO PI

TINTO

MEMORY BUS

CPU-TIMER 0

CPU-TIMER 1

CPU-TIMER 2

TINT2

REAL-TIME JTAG

INT14

TINT1

_—] XINT13

XNMI

PIE
96 INTERRRUPTS
SEE NOTE 1

81 S0

INTL[12#1]

7S

EXTERNAL INTERRUPT
CONTROL
XINT1/2/13, XNMI

INT13

NMI

SCIA/SCIB FIFO

N

SPI FIFO

xXCc oHT®

MeBSP FIFO

eCAN

N

EVA/EVB

16 CHANNELS

P

XRS

12-BIT ADC

8§ 88C00

X1/XCLKIN

X2

XF_XPLLDIS

SYSTEM CONTROL
(OSCILLATOR AND PLL
PERIPHERA: CLOCKING

LON—PDNER MODES

WATCHDOG)

C28xCPU

CLKIN

sl

MEMORY BUS

|

8 & G L 08 L

PERIPHERAL BUS

EXTERNAL
INTERFACE
(XINTF)
SEE NOTE 2

MO SARAM
1k x 16

M1 SARAM
1k x 16

L0 SARAM
4 k x 16

L1 SARAM
4 kK x 16

+ FLASH
128 kK x 16(F2812)
128 k x 16(F2811)
64 k x 16(F2810)

ROM

128 k x 16(02812)
128 k x 16(C2811)
64 k x 16(C2810)

OPT
SEE NOTE 3
1k x 16

HO SARAM
8 k x 16

BOOT ROM
4 k x 16

ADDRESS (19)

DATA(16)

Notes:

1. 45 of the possible 96 interrupts are used on the devices.
2. XINTF is available on the device type 03 and 06 only.

3. On device type 04, 05,and 06, the OPT is replaced with a 1K x 16 block of ROM.

FIGURE 3. Block diagram.
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FIT RATE vs OPERATING JUNCTION TEMPERATURE

2500
2006.4
w 2000
[ 1594.4
o /B/
E‘ 1500 i?ao;’
a 988.8
L\‘—J n/
< 1000 7745
= 601.5| & |
a 500 461.4
354,38
271.9 270.9
206 = 214.2 L —
s /4582/50-2 78.4 | 102.2 131'6__123————6—"”6/ 340.9
0 356— S
105 110 115 120 125 130 135 140 145 150
OPERATING JUNCTION TEMPERATURE (T j)
FIGURE 4. FIT rate versus operating junction temperature.
80
49.4
50
g X QFp
z
T 40
=
—
—
w
= 30
a XQJ
Ll
(L]
< 20
Q 158.& uxBGA 14.1
= 9.4
1ol 143 g | 5.8 7.1
LoFP | 9.2 \s\\?':\ )3 o
6.0 ~e—l 14 | 0.09 | g 60| 0.39 | 0.28
3.99 5 o
0 2.6
1.9 1.2 0.84 0.58 0.40
105 110 115 120 125 130 135 140 145 150

OPERATING JUNCTION TEMPERATURE (Tj)

FIGURE 5. Package lifetime versus operating junction temperature.

24x

28x
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CURRENT Vs FREQUENCY

300
250 /
=< 200
E /
= 150
2 /
o
>
o 100 / N
50 %
X X —¥
0 ﬂ_l_i_l_!THT-T—.T} T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
SYSCLKOUT (MHz)
LEGEND: —=—IDDI0O —&—IDD3VFL —%—IDDA1 —e—IDD —e— TOTAL
FIGURE 6. Current consumption graphs.
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TESTER PIN ELECTRONICS DATA SHEET TIMING

REFERENCE POINT

420 3.5 nH OUTPUT
TRANSMISSION LINE UNDER
TEST
4.0 pF < ~L1.85 pF Z0 = 500 DEVICE PIN
T ik SEE NOTE SEE NOTE

AC timing measurements for device type 03 and 04 only

Note:
The data sheet provides timing at the device pin. For output timing analysis, the tester pin electronics and its transmission line
effects must be taken into account. A transmission line with a delay of 2 ns or longer can be used to produce the desired
transmission line effect. The transmission line is intended as a load only. It is not necessary to add or subtract the
transmission line delay (2 ns or longer) from the data sheet timings. Input requirements in this data sheet are tested with an
input slew rate of < 4 Volts pre nanosecond (4 V/ns) at the device pin.

FIGURE 7. Test load circuit.

]__ca |——c10 ——| c9
XCLKIN
SEE NOTE 1N\_/W_\

' c1 | c3 c4 l——cs——l—— cs——l
XCLKOUT | | | " " ~
SEE NOTE Zw

CLOCK TIMING

Note:
1. The relationship of XCLKIN to XCLKOUT depends on the divide factor chosen. The waveform relationship in this figure is
intended to illustrate the timing parameters only and may differ based on configuration.
2. XCLKOUT configured to reflect SYSCLKOUT.

FIGURE 8 Timing waveforms.
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Vbp1o + Vpp3vFL
Vppan +VDD3AI0

Vpp+VoD1
1.8V or 1.9 V 4 0.3V

XCLKIN

XA

X1 XN ,_/_\_“_/_\_,,_/_\_/_\
\VAYAVAVAY, 7
XCLKOUT XEXEN XCLKIN/8 - SEE NOTE 3 X 7
USER-CODE —/
l‘—tDSEST_+_thRSL1]_’| DEPENDENT
XRS ADDRESS/DATA VALID,
INTERNAL BOOT-ROM CODE
EXECUTION PHASE
ADDRESS/ DAT A J0XXX XXX XX XXX XX XXX XXX XX XXX X XXX XXX XXXXY
/CONTROL (XXX 0202020fo2of02020202o2020!ofofo2ofo!ofof0?02ofofofofofofofofofofofofo < Xz
- ety Ex) USER-CODE
¢ ¢ EXECUTION PHASE
suIXPLLDISl"I h (XPLLDIS)
_ AL ANARAN A ASARSS :
XF/XPLLDIS LB DN T CARE KKK GPIOF14 < 7
_ N USER-CODE
XPLLDIS SAMPLING h (XMP/MC) DEPENDENT
_ TR ST
XMP/MC SRR DON" T TARE XRLEKERS
th (boot-mode) USER-CODE
SEE NOTE 4 DEPENDENT  \

BOOT-MODE PINS

SEE NOTE 1— |
1/0 PINS ;88883

I
hY
GPIO PINS AS INPUT )|7 %Y X

A A
PERIPHERAL/GPI0 FUNCTION
BOOT-ROM EXECUTION STARTS BASED ON BOOT CODE

X 7

USER-CODE DEPENDENT

GPIO PINS AS INPUT(STATE DEPENDS ON INTERNAL PU/PD)

POWER-ON RESET IN MICROCOMPUTER MODE (XMP/MC=0) SEE NOTE 1

Notes:

1. The state of the GPIO pins is undefined (i.e., they could be input or output) until the 1.8 V (or 1.9 V) supply reaches at

least 1 V and 3.3 V supply reaches 2.5 V.
2. Vopan — Vopai/Vopaz and AVpprerse.

3. Upon power up, SYSCLKOUT is XCLKIN/2 if the PLL is enabled. Since both the XTIMCLK and CLKMODE bits in the
XINTCNF2 register come up with a reset state of 1, SYSCLKOUT is further divided by 4 before it appears at XCLKOUT.

This explains why XCLKOUT = XCLKIN/8 during this phase.

4. After reset, the Boot ROM code executes instructions for 1260 SYSCKOUT cycles (SYSCLKOUT = XCLKIN/2) and then
samples BOOT Mode pins. Based on the status of the Boot Mode pins, the boot code branches to destination memory or
boot code function in ROM. The Boot mode pins should be held high/low fro at least 2520 XCLKIN cycles from boot ROM
execution time for proper selection of Boot modes. If boot ROM code executes after power on conditions (in debugger
environment) the boot code execution time is based on the current SYSCLKOUT speed. The SYSCLKOUT will be based

on user environment and could be with or without PLL enabled.

FIGURE 9 Timing waveforms.
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Vbp1o +VDD3VFL
Vppan +VDD3AIO #2-5V
3.3V

Voo Vop1
1.8 Vor 1.9V 0.3V

XCLKIN

XTI

SO

=— toscsT —=

N S

VVY YWVVVVYY
XCLKOUT ozo‘z’0’0’0‘3’0‘0’0‘0’0’0’0’o XCLKIN/8 - SEE NOTE 1>< USER-CODE DEPENDENT

QOO
I——tw[RSLl——I

XRS j(ADDRESS/DATA/CUNTRUL VALID EXECUTION
BEGINS FROM EXTERNAL BOOT

td[EX]-'-ll - YADDRESS 0x3FFFCO
( v

ADDRESS/DATA
/CONTROL

SO DON T, CARE XK

XPLLDIS SAMPLING

|<—th[XPLLDIS]

XF/XPLLDIS DON'T CARE ><GPIUF14/XF[USER—CUDE DEPENDENT)
-—I b5y (XPLLDIS)
— KRR T AT YT TR RRNY
XHP/MC RO DA SRR ORK
- L-th[XMP/MCl
1/0 PINS m ~ >< USER-CODE DEPENDENT

SEE NOTE z—/ \—INPUT CONFIGURATION

(STATE DEPENDS ON INTERNAL PU/PD)

POWER-ON RESET IN MICROPROCESSOR MODE (XMP/MC=1)

Notes:
1. Upon power up, SYSCLKOUT is XCLKIN/2 if the PLL is enabled. Since both the XTIMCLK and CLKMODE bits in the

XINTCNF2 register come up with a reset state of 1, SYSCLKOUT is further divided by 4 before it appears at XCLKOUT.
This explains why XCLKOUT = XCLKIN/8 during this phase.

2. The state of GPIO pins is undefined (i.e., they could be input or output) until the 1.8 V (or 1.9 V) supply reaches at least 1
V and 3.3 V supply reaches 2.5 V

FIGURE 10 Timing waveforms.

DEFENSE SUPPLY CENTER, COLUMBUS SIZE | CODE IDENT NO. DWG NO.
COLUMBUS, OHIO A 16236 V62/05601

REV C PAGE 36




XCLKIN

/N S S
/N S S S

(XCLKIN5) USER-CODE—/
DEPENDENT

[{4

27
XQ}KIN/B

27

‘—tw[RSLZI—’(

XRS
l‘—Ttd[EX] USER-CODE
EXECUTION PHASE
ADDRESS/DATA/ X% DON'T CARE %) \
CONTROL ¢ }< ><
tsu(XPLLDISJ——I th (XPLLDIS)
XF/XPLLDIS (X DON' T CARE X3 / GPIOF14 j s
XPLLDIS SAMPLING USER-CODE
th[xMP/Mc1—<——| DEPENDENT

. BB R Ry R T EARE R
XMP/MC SRR DON . T CARE B A% DON | T CARE QRIS

<——1—th[BUUT—MODE]
N\ SEE NOTE

BOOT-ROM EXECUTION STARTS

BOOT-MODE ha PERIPHERAL/
PINS ~ PERIPHERAL/GPIO FUNCTIONY GPIO PINS AS NPT X rERIHERAL X 7
USER-CODE—
DEPENDENT
1/0 PINS USER-CODE DEPENDENT >< 7 % 7
GPI0 PINS AS INPUT— USER-CODE
(STATE DEPENDS ON INTERNAL PU/PD) DEPENDENT

WARM RESET IN MICROCOMPUTER MODE

Notes:

1. After reset, the Boot ROM code executes instructions for 1260 SYSCKOUT cycles (SYSCLKOUT = XCLKIN/2) and then
samples BOOT Mode pins. Based on the status of the Boot Mode pins, the boot code branches to destination memory or
boot code function in ROM. The Boot mode pins should be held high/low fro at least 2520 XCLKIN cycles from boot ROM
execution time for proper selection of Boot modes. If boot ROM code executes after power on conditions (in debugger
environment) the boot code execution time is based on the current SYSCLKOUT speed. The SYSCLKOUT will be based

on user environment and could be with or without PLL enabled.

FIGURE 11 Timing waveforms.
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X1/XCLKIN
WRITE TO PLLCR
SYSCLKOUT

1N J\ J\ J
Y Y Y
XCLKIN%2 XCLKIN/2 XCLKIN=4
CURRENT CPU CPU FREQUENCY WHILE PLL CHANGED CPU
FREQUENCY IS STABILIZING WITH FREQUENCY

THE DESIRED FREQUENCY.
THIS PERIOD (PLL LOCK-UP TIME,ty)
IS 131072 XCLKIN CYCLES LONG.

EFFECT OF WRITING INTO PLLCR REGISTER

FIGURE 12 Timing waveforms.

‘hitd (WAKE-IDLE) 4—|

(¢ (4
7

AO-A15 X X . g X XXX

7

XCLKOUT
see vore 1/ N\ VNSNS N\ S\

“tw[NAKE—INT]"I

KE IN 45 45
Sléé EUTETZ \‘f 7/
FIGURE 13 Timing waveforms.
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A —— B ——

jt—— ) ——— et~ [ tet——————— [ ———————

DEVICE ><>< ><*4§;2§DBY STANDBY ><NORMAL EXECUTION
STATUS A X
FLUSHING
PIPELINE .
WAKE-UP ?
SIGNAL

X1/XCLKINJ L

=ty (WAKE-INT)[=*
L4 (WAKE-STBY) =

td (IDLE-XCOH)

{(

XCLKOUTmmm—Lﬂm
[ S —

SYSCLKOUT
CYCLES

LC
7

- ILJUUU

STANDBY ENTRY AND EXIT TIMING

Notes:

A. IDLE instruction is executed to put the device into STANBY mode.
B. The PLL block respond to the STANDBY signal. SYSCLKOUT is held for approximately 32 cycles before being
turned off. This 32 cycle delay enables the CPU pipe and any other pending operations to flush properly.

The device is now in STANDBY mode.

mmoo

The external wake up signal is driven active (negative edge triggered shown as a example).
After a latency period, the STANDBY mode is excited.
Normal operation resumes. The device will respond to the interrupt (if enabled).

FIGURE 14 Timing waveforms.
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A [ B | c D E F G
DEVICE | | —
STATUS XXLT HAT HALT A VA >'< g
PIPELINE PLL|LOCK-UP TIME / EXECUTTON
WAKE-UP | LATENCY —
(A
"7
XNMI X £
Ly (WAKE-XNMI) to—=td (INT) [=
X1/XCLKIN . L ]
l ) | T |
¥4 (IDLE-XCOH) OSCILLATOR START-UP TIME |

4lf

32———-4

SYSCLKOUT
CYCLES

HALT WAKEUP USING XNMI

XCLKOUT = SYSCLKOUT

Notes:

A. IDLE instruction is executed to put the device into HALT mode.

B. The PLL block responds to the HALT signal. SYSCLKOUT is held for another 32 cycles before the oscillator is tuned off
and the CLKIN to the core is stopped. This 32 cycle delay enables the CPU pipe and any other pending operation to flush
properly.

C. Clocks to the device are turned off and the internal oscillator and PLL are shut down. The device is now in HALT mode
and consumes absolute minimum power.

D. When XNMI is driven active (negative edge triggered shown, as an example), the oscillator is turned on; but the PLL is not
activated.

E. When XNMI is deactivated, it initiates the PLL lock sequence, which takes 131,072 X1/XCLKIN cycles.

F. When CLKIN to the core is enabled, the device will response to the interrupt (if enabled), after a latency. The HALT mode
is now exited.

G. Normal operation resumes.

FIGURE 15 Timing waveforms.
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XCLKOUT /_\_j

SEE NOTE

t t
d (PWM) XCO |—— wtgwm——|
PWMx X £ I(

PWM OQUTPUT TIMING

e
o

o ty (TDIR) —
TDIRX X Vi

L
¥

XCLKOUT
SEE NOTE

TDIRx TIMING

XCLKOUT = SYSCLKOUT

FIGURE 16 and 17 Timing waveforms.

XCLKUUTMM
td(XCOH—EVASOCL]‘J "‘_Ttw(EVASOCL)

EVASOC TIMING

EVASOC

FIGURE 18 Timing waveforms.

xCLKUUTmm
td[XCOH—EVBSOCL]‘J "_Ttw[EVBSDCL]

EVBSOC
EVBSOC TIMING
FIGURE 19 Timing waveforms.
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XCLKOUT
seves_/ N/ N/ N\ S ./ L

w(PDP) Fu (CxTRIP) Fu (TxCTRIP)

t
TxCTRIP,CxTRIP,
PDPINTx
SEE NOTE 2 t

d[PDP-PNM)HZ.td[TRIP-PNM]HZ

PWM
SEE NOTE 3 ><44,

XNMI,XINT1,XINT2

A0-A15

Notes:
1. XCLOUT = SYSCLKOUT

-/
ea

7
e

XXX XXX KR XXX XXX X XXX XXX X XXX X XXX XXXXIRYY
e N e e e e 00

2. TxCTRIP - TICTRIP, T2CTRIP, T3CTRIP, T4CTRIP

w(INT)

INTERRUPT VECTOR

EXTERNAL INTERRUPT TIMING

CxTRIP - C1TRIP, C2TRIP, C3TRIP, C4TRIP, C5TRIP, or C6TRIP

PDPINTx - PDPINTA or PDPINTB

3. PWAM refers to all the PWM pins in the device (l.e., PWMn and TnPWM pins or PWM pin pair relevant to each CxTRIP
pin.). The state of the PWNM pins after PDPINTx is taken high depends on the state of the FCOMPOE bit.

FIGURE 20 Timing waveforms.

XCLKOUT_\_/_\_/_\_/_\_/_\

GPIO

d (XCOH-GPO)

N A
tf“[GPU]*“* *‘Ltr[GPU]

GENERAL-PURPOSE OUTPUT TIMING

FIGURE 21 Timing waveforms.

DEFENSE SUPPLY CENTER, COLUMBUS CODE IDENT NO. DWG NO.
COLUMBUS, OHIO 16236 V62/05601
REV c PAGE 42




SEE NOTE A
GPIOD r_w l
SIGNAL
N N N N
1 0 0 0 0 0 0 0 1
| | I B .

SAMPLING WINDOW

— -
O -l
O —
o -
- ——
— -
— -
—
— -
B
—
— -
—

SYSCLKOUT

QUALPRD=1 (2 x SYSCLKOUT CYCLES) x5
OUTPUT FROM
QUALIFIER

GPIO INPUT QUALIFIER-EXAMPLE DIAGRAM FOR QUALPRD=1

Notes:

A. This glitch will be ignored by the input qualifier. The QUALPRD bit field specifies the qualification sampling period. It can
vary from 00 to OxFF. Input qualification is not applicable when QUALPRD = 00. For any other value ‘n’, the qualification
sampling period in 2n SYSCLKOUT cycles (i.e., at every 2n SYSCLKOUT cycle, the GPIO pin will be sampled). Six
consecutive samples must be of the same value for a given input to recognized.

B. For the qualifier to detect the change, the input should be stable for 10 SYSCLKOUT cycles or greater. In other words,
the inputs should be stable for ( 5 x QUALPRD x 2) SYSCLOUT cycles. This would ensure six sampling windows for

detection to occur. Since external signals are driven asynchronously, an 11 SYSCLKOUT wide pulse ensures reliable
recognition.

XCLKOUT mm

GPIOxn >¢ }<
I‘_tw[GPIl—’I

GENERAL-PURPOSE INPUT TIMING

Note:
The pulse width requirement for general purpose input is applicable for the XBIO and ADCSOC pins as well.

FIGURE 22 Timing waveforms.
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SPICLK
(CLOCK POLARITY=0)

==

SPICLKW
(CLOCK POLARITY=1)

-—14|—— 5—=

8 9

SPISTE
SEE NOTE 1

V‘V

Lo

"’V"’V""’V""’V""’V’ ’V’V’V VVY ’
sersomt R i SRR

R

SPI MASTER MODE EXTERNAL TIMING (CLOCK PHASE=0)

Note:

1. Inthe master mode, SPISTE goes active 0.5t;spc) before valid SPI clock edge. On the trailing end of the word, the SPITE
will go inactive 0.5tyspc) after receiving edge (SPICLK) of the last data bit.

FIGURE 23 Timing waveforms.

SPICLK
(CLOCK POLARITY=0)

(CLOCK POLARITY=1)

XXX
R

A‘A’A ’A .A

SPISIMO
XX

r-fio

RXTTXXTTX
XX

Y'Y

DATA VALID

TRXXXXXXXXXXTRD (RXXXXXXXRX
SPESTML OO MusT B var 10 AN

SPISTE
SEE NOTE 1

VAVAVAN

)

SR

SPI SLAVE MODE EXTERNAL TIMING (CLOCK PHASE=1)

Note:

1. Inthe master mode, SPISTE goes active 0.5t;spc) before valid SPI clock edge. On the trailing end of the word, the SPITE
will go inactive 0.5tyspc) after receiving edge (SPICLK) of the last data bit.

FIGURE 24 Timing waveforms.
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SPICLK
(CLOCK POLARITY=0) | |
SPICLK_____“\k___________jz[__________1%K___________//______
(CLOCK POLARITY=1)

15

SPISOMI

19 20

OO OO
sersto KRRRN KRR %, 50 s XRRRKAKKKKKKKRK

SPISTE
SEE NOTE

SPI SLAVE MODE EXTERNAL TIMING (CLOCK PHASE=0)

Note:

1. Inthe slave mode, SPISTE signal should be asserted low at least 0.5tspc) before the valid SPI clock edge and remain low
for at least 0.5t¢spc) after receiving edge (SPICLK) of the last data bit.

FIGURE 25. Timing waveforms.

SPICLK
(CLOCK POLARITY=0)

SPICLK
(CLOCK POLARITY=1)

NS Y

SRR,

INANNNNNNNNNINA

TXXXXXXXXXXRX (RXXXXXXTIX
SPISIMD 0NN HusT B vaLTD XSRS

YYY V‘V‘V‘V’V’V‘V‘V’
QURLLRRLY

ANANNNNNNNNANN

SPISOMI

SPISTE
SEE NOTE

SPI SLAVE MODE EXTERNAL TIMING (CLOCK PHASE=1

Note:

1. Inthe slave mode, SPISTE signal should be asserted low at least 0.5tspc) before the valid SPI clock edge and remain low
for at least 0.5t¢spc) after receiving edge (SPICLK) of the last data bit.

FIGURE 26. Timing waveforms.
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i LEAD i ACTIVE 4—|<—TRAIL——‘

XTIMCLK
XCLKOUT=
12 XTIMCLK f—F ¢/ p \__;,_/_\_}:(_\_4/_\_/_\_
t t
—_— —— -
XZCSOAND1, |“ d (XCOH-XZCSL) d (XCOHL-XZCSH) —= |<—
_KZLSZ X 4 4 5 /
XZCSBAND7 ] bty (xCOH-XA)
4 s 5
XAL0+18] o v ”
7 t 7 t 124 ‘
—= I“ d (XCOHL-XRDL) —= d (XCOHL-XRDH)
— 45 —
XRD \ {C
7
— £ 4 5
XWE t
su (XD) XRD
— 45 4 )
XR/W t (a)
a
t - [=Yhxp)xRD
M “a (XRD) —™
XDI[0:15] £ 4 DIN ) 45
rld L
XREADY

EXAMPLE READ ACCESS

Notes:

1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment

cycle before an access to meet this requirement.

2. During alignment cycles, all signals will transition to their inactive state.
3. For USEREADY = 0, the external XREADY input signal is ignored.
4. XA[0:18] will hold the last address put on the bus during inactive cycles, including alignment cycles.
FIGURE 27. Timing waveforms.
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NOIES WS (SYNCH)
AgD i LEAD i ACTIVE i TRAIL—Fl SEE NOTE 3
XTIMCLK
XCLKOUT=
172 XTIMCLK ____]{ \\__4y/ ﬁ&___J/ \\___J¥ \K___J{____\\__4g/____\K___J/____\\_
t
m‘ = ,‘— d (XCOH-XZCSL) td[XCOHL—XZCSH]_’ |——
XZCS2, X " g F
XZCS6AND7 ] |<‘td[XCOH—XAl
L L
7 "”
XAL[0:18] X « : :
"I I“td (XCOHL-XRDL) = I“td (XCOHL-XRDH)
- LC r(d
XRD 7 \ % 4
tsu[XD]XRD
— 4 4
XWE
I E— ta (XRD)
- g g
XR/W
ta(A] = Jhh[XD]XRD
XDLO:15] 45 DIN ——
tsu(XRDYsynchL]XCOHL
th(XRDYsynchl te[XRDYsynchHl
1
tsu(XRDHsynchH)XCOHL — - th[XRDYsynchH]XZCSH—F -
XREADY
(SYNCH)
(———-2©SEE NOTE 4——|
fe——— SEE NOTE 5———=

= DON'T CARE. SIGNAL CAN BE HIGH OR LOW DURING THIS TIME.

EXAMPLE READ WITH SYNCHRONOUS XREADY ACCESS

Notes:
1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment
cycle before an access to meet this requirement.

2. During alignment cycles, all signals will transition to their inactive state.
3. For USEREADY = 0, the external XREADY input signal is ignored.
4. XA[0:18] will hold the last address put on the bus during inactive cycles, including alignment cycles.
FIGURE 28. Timing waveforms.
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1 WS (SYNCH)
Agn i LEAD i ACTIVE i TRAIL i SEE NOTE 3
XCLKOUT=
XTIMCLK F\Jr\_/_\;;/_\ji(_\_/_\_/_\_ii[_\jir\_}i[_\/_\ﬁ/_\_?i[_\/_\f
XCLKOUT=
1/2 XTIMCLK _7'(_\_;‘,/ B:i /N F X 7:( \_5;/ AN
t
m' —= I" d (XCOH-XZCSL) td[XCUHL-XZCSH]" |——
Xzcsz, X % g #
XZCS6AND7 . I-td[xan—XAl |
£C I(d
XALD:18] X . -
"7 | R4 I
——I I‘-td(XCOHL—XRDL] - I‘-td[XCOHL—XRDH]
= 5 s
XRD X F
tSu (XD) XRD
- 4 e
XWE .
=—— "a (XRD)
= f 5
XR/HW
t t
a(A) - (—— h (XD) XRD
XDLO+151 5 DIN %
¥5U (XRDYsynchL) XCOHL
5 (XRDYsynch) L& (XRDYsynchH)
I
tsu[XRDHsynchH]XIZ[]HL 1 th[XRDYsynchHlXZCSH—— -
XREADY @ |
(SYNCH) b
le———SEE NOTE 4——|
fe—————— SEE NOTE 5——————=
LEGEND + [REEXK = DON'T CARE. SIGNAL CAN BE HIGH OR LOW DURING THIS TIME.

EXAMPLE READ WITH SYNCHRONOUS XREADY ACCESS

Notes:

1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment

cycle before an access to meet this requirement.
During alignment cycles, all signals will transition to their inactive state

wn

cycles.
4. For each sample, setup time from the beginning of the access (D) can be calculated as:
D = (XRDLEAD + XRACTIVE + n —1)textim) — tsuxRDYsybnchL)XCOHL.-
5. Reference for the first sample is with respect to this point
E = (XRDLEAD + XRDACTIVE)tcxtimy Where n is the sample number: n =1, 2, 3, and so fourth.

FIGURE 29. Timing waveforms.

During inactive cycles, the XINTF address bus will always hold the last address put out on the bus. This includes alignment
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NOTES WS (ASYNCH)
AgD i LEAD ' ACTIVE ' TRAIL | SEE NOTE 3
XCLKOUT=
XTIMCLK F\JMM_T_\_T_\_/_\_/_\_T_\_/_\*/_\_T_\N
XCLKOUT=
1/2 XTIMCLK _;"_\_;/ L A VA ¢/ x_/ U
- t
XZCSOAND1, I" d (XCOH-XZCSL) d (XCOHL-XZCSH) - |<—
X7CS2, X " 4 #
XZCSEAND7 . I‘-td[XCUH—XA] |
{C L
4 R
XALO:181 X . | | g
- I‘-td[XCUHL—XRDL] - I——td[waL XRDH]
{C
XRD 7 X ¥
— 45 45
XWE
t t
a (XRD) su (XD) XRD
— 45 4
XR/W
) | }="Lh(xD) XRD
XDLO:151] £ DIN ) —
tsu[XRDYsynl:hLlXCl]HL
th[XRDYsynch] i te[XRDYsynchHl th(XRDYsynchH]XZCSH
tsu(XRDHsynchHlXCOHL
XREADY
(ASYNCH)
- I——SEE NOTE 4
le——SEE NOTE 5——=f

= DON'T CARE. SIGNAL CAN BE HIGH OR LOW DURING THIS TIME.

EXAMPLE READ WITH ASYNCHRONOUS XREADY ACCESS

Notes:
1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment
cycle before an access to meet this requirement.
During alignment cycles, all signals will transition to their inactive state
During inactive cycles, the XINTF address bus will always hold the last address put out on the bus. This includes alignment
cycles.
4. For each sample, setup time from the beginning of the access can be calculated as:
D = (XRDLEAD + XRACTIVE — 3 + n)texTim) — tsu(xrDYasybnenL)xcoHL Where n is the sample number: n =1, 2, 3, and so
fourth.
5. Reference for the first sample is with respect to this point
E = (XRDLEAD + XRDACTIVE - 2)t;xTim).

wn

FIGURE 30. Timing waveforms.
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XCLKOUT=
XTIMCLK

XCLKOUT=
1/2 XTIMCLK

XZCSOAND1,
XZCs2,
XZCSBAND7

XAL[D:181

XRD

XWE

XR/H

XDI[0:151

XREADY
(SYNCH)

Notes:

SEE
NOTES
1

WS (SYNCH)

AND
2

LEAD 1 i AC

TIVE

i TRAIL

iSEE NOTE 3

AV AVAWATAWVAWVAWASAW.AWAWAW AWAWE

t

|
h (XRDYsynchlL)

te[XRDYsynchHl
I

tsu[XRDHsynchHlXCUHL

OO0

OOOOOOOOOODTKK XXX

OO0

l=—— SEE NOTE 4 ——|

fe—— SEE NOTE 5 —————— =

WRITE WITH SYNCHRONOUS XREADY ACCESS

DON'T CARE. SIGNAL CAN BE HIGH OR LOW DURING THIS TIME.

— N Ny
—= I" d (XCOH-XZCSL) td(XCOHL—XZCSH]" I——
* {L | Y (A /-
T 7 t I Y
= I—— d (XCOH-XA) h (XRDYsynchH) XZCSH ——l———'
v 1 %
A 4 5
LL rd
R4 ”
b4 (XCOHL-XWEL) == |<——— t 4 (XCOHL-XKWEH)
) NK 7( )
- |<-td(XDlJH—XRNHL] ‘ = I‘-td[XCUHL—XRNNHl
* L 10 ﬂ
7 t "7
| Y n (XD) XWEL LdLs[XD]XRNN
Yen (XD) XWEL-™ | th[XDlXWEH——I
4 l DouT o —
tu (XRDYsynchL) XCOHL "

1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment
cycle before an access to meet this requirement.

During alignment cycles, all signals will transition to their inactive state
During inactive cycles, the XINTF address bus will always hold the last address put out on the bus. This includes alignment

For each sample, setup time from the beginning of the access can be calculated as:

D = (XRDLEAD + XRACTIVE — 3 + n)texTim) — tsu(xrDYasybnehL)xcoHL Where n is the sample number: n =1, 2, 3, and so

2.
3.
cycles.
4,
fourth.
5.

E = (XRDLEAD + XRDACTIVE - 2)txTim).

Reference for the first sample is with respect to this point

FIGURE 31. Timing waveforms.
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SEE

NOTES WS (ASYNCH)
AgD i LEAD 1 i ACTIVE ' TRAIL | SEE NOTE 3
XCLKOUT=
XTIMCLK F\JMN\_T_\_T_\I\J_\_TWW
XCLKOUT =
12 XTIMOLK —F  \_¢/ \ Fox_/ \ \_/ /L
t
m' —= I" d (XCOH- XZCSL] td(XCOHL ~XZCSH) = I——
X7C52, X g | « #
XZCSBANDT | I‘-td[XCUH—XA] th[XRDYasynchHlXZESH——l‘—’l
r{a
XA[0:18] X . .
7 ll
— 4 4
XRD
b4 (XCOHL- XHEL) == = = t=-td (XCOHL-XKEH)
— L
XNE l) \ % "7
- |<-td(XDlJH—XRNHL] ‘ - |—— (XCOHL-XRNMWH)
XR/K X B 7#
7 t )l
td (XWED-XD) L dls (XD) XF\‘N
Yen (XD) XWEL™ h[XD]XNEH
XDLO*15] % DOUT -
*5u (XRDYasynchL) XCOHL , #
1
th[XRDYasyInchL] i te[XRDYasynchHl
‘ f tsu[XRDHasynchH]XCOHL
XREADY _prxmessioramoasnm, 1@
(asynen) DR
e =] SEE NOTE 4
le—SEE NOTE 5— |

WRITE WITH ASYNCHRONOUS XREADY ACCESS

Notes:

DON'T CARE. SIGNAL CAN BE HIGH OR LOW DURING THIS TIME.

1. Al XINTF accesses (lead period) begin on the rising edge of XCLKOUT. When necessary, the device will insert an alignment

cycle before an access to meet this requirement.

wn

cycles.

During alignment cycles, all signals will transition to their inactive state
During inactive cycles, the XINTF address bus will always hold the last address put out on the bus. This includes alignment

For each sample, setup time from the beginning of the access can be calculated as:

D = (XWRDLEAD + XWRACTIVE — 3 + n)tcxxtimy — tsuxRpyasybnenL)xcoHL Where n is the sample number: n =1, 2, 3, and

so fourth.

Reference for the first sample is with respect to this point

E = (XWRDLEAD + XWRDACTIVE - 2)textim).

FIGURE 32. Timing waveforms.
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XCLKOUT W
(/1 MODE)

I‘_td (HL-H} 2) —*
WD X ,

7

R4

£
R4

"td (HH-HAH)

T
-ty (HH~BV]—|_’

« HIGH-IMPEDANCE m:

XHOLDA
XR/H, ~—— 4 (HL-HAL)
XZCSOANDL, 5
X2CS2, "
XZCSBAND7 |
55
XA[18:0] VALTD

R4

« HIGH-IMPEDANCE VALID

XD[15:01 ——<:: VALID

[<——SEE NOTE 1—

SEE NOTE 2 —f=—=

EXTERNAL INTERFACE HOLD WAVEFORM

Notes:
1. All pending XINTF accesses are completed.
2. Normal XINTF operation resumes.

FIGURE 33. Timing waveforms.

XCLKOUT W
(1/2 XTIMCLK)

— Y4 (HL-HAL)
¥HOLD X .

7

4

4

”td (HH-HAH)

T
I‘_td[HH~BV]—|_’

¢« HIGH-IMPEDANCE m:

& HIGH-IMPEDANCE VALID

<« HIGH-IMPEDANCE |
45

XHOLDA
XR/W, L4 (HL-H} 7) —
XZCSOANDI , 4
XZCS2, o
XZCS6ANDT
4
XAL18:01 VALID
,,
XDI15:01 —(VALID
e SEE NOTE 1—»t

XHOLD/XHOLDA TIMING

Notes:
3. All pending XINTF accesses are completed.
4. Normal XINTF operation resumes.

SEE NOTE 2 —fea—=

REQUIREMENTS (XCLKOUT = 1/2 XTIMCLK)

FIGURE 34. Timing waveforms.
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Rs ADCIND
1

L

SIGNAL

SOURCE ac

ADC ANALOG INPUT IMPEDANCE MODEL

Typical values of the input circuit components:
Switch Resistance (Ron): 1 kQ
Sampling capacitance (Cy): 1.25 pF
Parasitic Capacitance (Cp): 10 pF
Source resistance (Rs): 50 Q

ADC POWER UP DELAY ADC READY FOR CONVERSION

PWDNBG

PWDNREF

_
7
‘—td[BGRl"I

PWDNADC 7(
l—-td (PWD)—™

REQUEST
CUNVAEDRCSIUN /i/
ADC POWER-UP CONTROL BIT TIMING
FIGURE 35. Timing waveforms.
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SAMPLE n+2
SAMPLE n+1

ANALOG INPUT ON (//_“F\
CHANNEL Ax or Bx

ADC CLOCK

SAMPLE AND HOLD P——{__I__{__J__4__J___L__y__l__J__I__J__W___r__L__I__l_
SH PULSE

SMODE BIT
td(SH] 1 <‘tdschx_n tdschx_n+1
ADC EVENT TRIGGER |_l = ~=—tsy
FROM EV OR

OTHER SOURCES l

SEQUENTIAL SAMPLING MODE (SINGLE-CHANNEL) TIMING

FIGURE 36. Timing waveforms.

SAMPLE n SAMPLE n+1 SAMPLE n+2
ANALOG INPUT ON
CHANNEL Ax

ANALOG INPUT ON
CHANNEL Bv

ADC CLOCK

|| o l
G pULSE [ 1 [ [ [ [

SMODE BIT

tsH t4(sH) - YdschAg_n+1 (=

ADC EVENT TRIGGER
FROM EV OR OTHER

l ~— t4schAo_n—"

e——— t4schBo_n—1 FdschAO_n+1 =

SIMULTANEQUS SAMPLING MODE TIMING

FIGURE 37. Timing waveforms.
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M1,M11—

.‘—M;.I‘MZI———— M3,M12 M13-—|r—— -—I M14
CLKR

M4-—| I‘—

——| M4
FSRUINT) £ —XL‘_

M15 iMlB
FSR(EXT) £ RS
M17 M18
(RDATDDLRY=00b] BIT(n-1) ¥ (n-2) X (n-3) X (n-4)
M17 — M18
(RDATDLY=01b) BIT(n-1) X  -2) X (n-3)
M17 — M18
[RDATDDLRY=10b] BIT(n-1) X (n-2)
McBSP RECEIVE TIMING

— M1,M11—

—>M2,M12|<———M3,M12 M13——|r<— ——I M14
CLKX
M5 I—— - I——M§
FSX (INT) | A X
M19 I i M20
FSX (EXT) £ X
- M9
DX M1o——| = - M7
(XDATDLY=00b) __ X BIT 0 X BIT(n-1) X (n-2) X (n-3) X (n-4)
——I -=f M7
DX =~
(XDATDLY=01b) BIT O BIT (n-1) (n-2) X (n-3)
M6 M7
T
DX
(XDATDLY=10b) BIT 0 BIT(n-1) X (n-2)

McBSP TRANSMIT TIMING

FIGURE 38. Timing waveforms.
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LSB M32*‘ ~ wsg ™ M3 =

MZH————‘ M25~—i -

-—l ’<—M28 M2G— |
DX BIT O BT tn-0X (n-2) X (n-3) X (n-4) X

_BITO 7/
M30~>L L——t—M31
DR BIT 0 ) (BIT (n-1% (n-2) X (n-3) X (n-4) X

McBSP TIMING AS SPI MASTER OR SLAVE: CLKSTP=10b, CLKXP=0

FIGURE 39. Timing waveforms.

M41—<—>I MSB ——I M42 I<—

LSB
M34j ~ M35 —fma-om
FSX X
M37 ’* M38—>l |/<
DX

BIT 0 ) @17in-1X (n-2) X (n-3) X (n-4) X
M39~—L M40
DR _BIT 0 ) (BIT (n-1¥ (n-2) X (n-3) X (n-4) X

MeBSP TIMING AS SPI MASTER OR SLAVE: CLKSTP=11b, CLKXP=0

FIGURE 40. Timing waveforms.
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LSB MS1—= I" MSB "I MS2 I"

M43 M4 |-
FSX # X
-—I |<~M47 M48—I—-—
DX BIT O ) Birin-1X (n-2) X (n-3) X (n-4) X__

M49-—| M50
DR BIT O BIT (n-1 (n-2) X (n-3) X (n-4) X

McBSP TIMING AS SPI MASTER OR SLAVE: CLKSTP=10b, CLKXP=1

FIGURE 41. Timing waveforms.

LSB 160 MSB - Ml =

M53 l<— M54 - ‘

FSX X
M56 " 57 o]l ] = M55
DX BIT 0 ) 611m-0X (n-2) X (n-3) X (n-4) X__
M58 M59
DR BIT 0 ) BIT(-1¥ (n-2) X n-3) X (-4 X

McBSP TIMING AS SPI MASTER OR SLAVE: CLKSTP=11b, CLKXP=1

FIGURE 42. Timing waveforms.
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4. VERIFICATION

4.1 Product assurance requirements. The manufacturer is responsible for performing all inspection and test requirements as
indicated in their internal documentation. Such procedures should include proper handling of electrostatic sensitive devices,
classification, packaging, and labeling of moisture sensitive devices, as applicable.

5. PREPARATION FOR DELIVERY

5.1 Packaging. Preservation, packaging, labeling, and marking shall be in accordance with the manufacturer’s standard commercial

practices for electrostatic discharge sensitive devices.

6. NOTES

6.1 ESDS. Devices are electrostatic discharge sensitive and are classified as ESDS class 1 minimum.

6.2 Configuration control. The data contained herein is based on the salient characteristics of the device manufacturer’s data book.
The device manufacturer reserves the right to make changes without notice. This drawing will be modified as changes are provided.

6.3 Suggested source(s) of supply. Identification of the suggested source(s) of supply herein is not to be construed as a guarantee
of present or continued availability as a source of supply for the item. DLA Land and Maritime maintains an online database of all
current sources of supply at https://landandmaritimeapps.dla.mil/programs/smctr/.

Vendor item drawing administrative | Device manufacturer Vendor part number

control number 1/ CAGE code

V62/05601-01XE 2/
V62/05601-02XE 2/
V62/05601-03XA 01295 SM320F2812GHHMEP
V62/05601-03ZE 01295 SM320F2812PGFMEP
V62/05601-04XE 2/
V62/05601-05XE 2/
V62/05601-06XE 2/

1/ The vendor item drawing establishes an administrative control number for identifying the item

on the engineering documentation.
2/ Not available from a source of supplied.

CAGE code

01295

Source of supply

Texas Instruments, Inc.
Semiconductor Group
8505 Forest Lane

P.0O. Box 660199
Dallas, TX 75243
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