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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:

V62/06619 - o1 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 SM320F2808-EP Digital Signal Processors
02 SM320F2806-EP Digital Signal Processors
03 SM320F2801-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 100 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
A 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/ 3/

Supply voltage ranges, (Vopio, VopavrL) (with respect to Vss)
Supply voltage ranges, (Vobaz, Vopaio) (with respect to Vssa)
Supply voltage ranges, (Vop) (With respect t0 Vss) ...ocvveveeiiiieeniesiiienienen
Supply voltage ranges, (Vopiais, Vopzais) (with respect to Vssa)
Supply voltage ranges, (Vssaz, Vssaio, Vssiacnp, Vsszacnp) (With respect to Vss)
Input voltage range, (Vin)
Output voltage range, (Vo)
Input clamp current, Ik (Vin <0 0r ViN > VDDIO) «ovvvvvvreeeeeiinnns
Output clamp current, lok (Vo <0 or Vo > Vppio)
Operating ambient temperature ranges, (Ta)
Junction temperature range T,
Storage temMpPEerature raANGE, (TSTG) ..« e e rreeerrtrrterrirteiitreeeatreeesateeessbeeeeatreeesaneeeesabeeeeaereeenans

1.4 Recommended operating conditions.

Device supply voltage, /O, (Vbbio)
Device supply voltage, CPU (Vop) ....ccveeveneeee.
Supply ground, (Vss, Vss|o)
ADC supply voltage, 3.3 V (Vbpaz, Vbobaio)
ADC supply voltage, 1.8 V (Vbpiais, Vbop2ais)
Flash programming supply voltage, (Vopaved)
Device clock frequency (system clock), (fsyscikour)
High level input voltage, (Vin)
Maximum low level input voltage, (Vi)
Maximum high level output source current, Vou = 2.4V (lon) :
All 1/0Os except group 2
Group 2 [ O PUTP PP PPRPPN
Maximum low level output sink current, VoL = VoL max (lor) :
All 1/0Os except group 2
Group 2 6/ i
Ambient temperature, (Ta)

Thermal resistance characteristics for case outline X:

-0.3Vto+4.6V

... -03Vto+4.6V
... -03Vto+25V
... -03Vto+25V
... -0.3V1t0+0.3V
... -03Vto+46V

..-0.3Vto+46V

+20 mA 4/

+20 mA

-55°C to +125°C 5/
-55°C to +150°C 5/
-65°C to +150°C 5/

+3.14 Vto +3.47V

. ¥1.71V 10 1.89 V

e OV

. ¥3.14V 10 +3.47 V

v ¥1.71V 10 +1.89 V

w.. ¥3.14V 10 +3.47 V
.. 2 MHz to 100 MHz

+2.0 V to Vppio
0.8V

-4 mA
-8 mA

4 mA

.. 8mA

-55°C to +125°C

Air Flow
Parameter
0 Ifm 150 Ifm 250 Ifm 500Ifm
03a[°C/W] High k PCB 48.16 40.06 37.96 35.17
Yir[°C/W] 0.3425 0.85 1.0575 1.410
03¢ 12.89
038 29.58

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.
All voltage values are with respect to Vss, unless otherwise noted.

Continuous clamp current per pin is £2 mA. This includes the analog inputs which have an internal clamping circuit that clamps
the voltage to a diode drop above Vppa2 or below Vssaz

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

Group 2 pins are as follows: GP1028, GPI029, GPI030, GPIO31, TDO, XCLOUT, EMUO, and EMUL1.
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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 http:/www.jedec.org or from JEDEC — Solid State Technology Association, 3103
North 10th Street, Suite 240-S, Arlington, VA 22201-2107).
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.

3.5.5 Package life time versus operating junction temperature. The package life time versus operating junction temperature shall
be as specified in figure 4.

3.5.6  Typical operational power versus frequency (for device type 01). The typical operational power versus frequency (for device
type 01) shall be as specified in figure 5.

3.5.7 Testload circuits. The test load circuits shall be as specified in figure 6.

3.5.8 Timing waveforms. The timing waveforms shall be as shown in figures 7- 27.
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TABLE |. Electrical performance characteristics. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
High level output voltage Von lon = ot max 2.4 v
|OH =50 }LA VDDIO -0.2
Low level output voltage VoL lor = loL max 0.4 \
_Low level With pull Vobio=3.3V,Vn=0V All 1/Os (including X_RS) -80 -190 pA
input current | up I
Pull up Vpopio =3.3V, Vy=0V +2
disabled
High level With pull liH Vopio = 3.3V, Vin=Vop +2 pA
input current | up
Pull up 38 80
disabled
Off state output current, loz Vo =VppooroV +2 pA
high impedance state (off
state)
Input capacitance Ci 2Typ pF
Current consumption by power supply pins at 100 MHz SYSCLOUT - Device type 01
Mode Test Iop lppo 3/ IppavrL lppats 4/ lppass 5/
condition | Typ 6/ Max Typ 6/ Max Typ Max Typ 6/ Max Typ 6/ Max
Operational (Flash) 7/ 195mA | 230mA | 15mA | 27mA | 35mA | 40mA | 30 mA 38 mA 15mA | 2mA
IDLE 8/ 75mA | 90mA | 500 A | 2mA 2 uA 10 pA 5pA 50 A 15 pA 30 uA
SWTANDBY 9/ 6 mA 12mA | 100 pA | 500 pA | 2 pA 10 pA 5 uA 50 pA 15 pA 30 pA
HALT 10/ 70 uA 60 pA | 120pA | 2pA 10 pA 5pA 50 pA 15 pA 30 pA
Current consumption by power supply pins at 100 MHz SYSCLOUT - Device type 02
Operational (Flash) 7/ 195mA | 230mA | 15mA | 27mA | 35mA | 40mA | 30 mA 38 mA 15mA | 2mA
IDLE 8/ 75mA | 90mA | 500 A | 2mA 2 uA 10 pA 5pA 50 A 15 pA 30 uA
SWTANDBY 9/ 6 mA 12mA | 100 pA | 500 pA | 2 pA 10 pA 5 uA 50 pA 15 pA 30 pA
HALT 10/ 70 uA 60 pA | 120pA | 2pA 10 pA 5pA 50 pA 15 pA 30 pA
Current consumption by power supply pins at 100 MHz SYSCLOUT - Device type 03
Operational (Flash) 11/ 180mA [ 210mA | 15mA | 27mA | 35mA | 40mA | 30 mA 38 mA 15mA | 2mA
IDLE 8/ 75mA | 90mA | 500 A | 2mA 2 uA 10 pA 5pA 50 A 15 pA 30 uA
SWTANDBY 9/ 6 mA 12mA | 100 pA | 500 pA | 2 pA 10 pA 5 pA 50 pA 15 pA 30 pA
HALT 10/ 70 pA 60 uA | 120pA | 2pA 10 pA 5 uA 50 pA 15 pA 30 uA

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
Clock table and Nonmenclature
] ] te(osc), Cycle time 28.6 50 ns
On-chip oscillator clock Frequency 20 35 MHz
tecry, Cycle time 10 250 ns
XCLKIN - 12/ Frequency 4 100 MHz
tesco), Cycle time 10 500 ns
SYSCLKOUT Frequency 2 100 MHz
texco), Cycle time 10 2000 ns
XCLKOUT Frequency 0.5 100 MHz
teHco), Cycle time 10 ns
HSPCLK 13/ Frequency 100 MHz
teco), Cycle time 10 ns
LSPCLK 13/ Frequency 100 MHz
te(apccLk), Cycle time 80 ns
ADC clock Frequency 12.5 MHz
Input clock frequency
Resonator 20 35 MHz
Input clock frequency fx Crystal 20 35
External oscillator/clock Without PLL 100
Source (XCLKIN or X1 pin) With PLL 5 30
Limp mode clock frequency fi 1-5 Typ
XCLKIN 14/ timing requirements — PLL Enabled
C8 | Cycle time, XCLKIN teccn See figure 7 33.3 200 ns
C9 Fall time, XCLKIN trc) 6
C10 | Rise time, XCLKIN trcn 6
C11 | Pulse duration, XCLKIN low as a twciy 45 55 %
percentage of tcosccLk)
C12 | Pulse duration, XCLKIN high as tw(ciH) 45 55
a percentage of tcosccLk)
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
XCLKIN 14/ timing requirements — PLL disabled
C8 | Cycle time, XCLKIN tecn See figure 7 10 250 ns
co | Fall time, XCLKIN e Up to 20 MHz 6
20 MHz to 100 2
MHz
C10 | Rise time, XCLKIN tucn Up to 20 MHz 6
20 MHz to 100 2
MHz
C11 | Pulse duration, XCLKIN low as a tw(ciL) XCLKIN <120 MHz 45 55 %
percentage of teosccLk)
C12 | Pulse duration, XCLKIN high as a tw(ciH) XCLKIN < 120 MHz 45 55
percentage of teosccLk)
XCLKOUT Switching characteristics (PLL Bypassed or Enabled) 15/ 16/
C1l | Cycle time, XCLKOUT texco) See figure 7 10 ns
C3 | Fall ime, XCLKOUT tixco) 2Typ
C4 Rise time, XCLKOUT tr(xco) 2 Typ
C5 | Pulse duration, XCLKOUT low twixcoL) H-2 H+2
C6 | Pulse duration, XCLKOUT high tw(xcoH) H-2 H+2
PLL lock time tp 131072tcoscciky | cycles
17/
Reset ( XRS) timing requirements
Pulse duration, stable XCLKIN to twrsL1) See figure 8-10 8tc(osceLk) cycles
XRS high 18/
Pulse duration, XRS low tw(RsL2) Warm reset 8teosceLk)
Pulse duration, reset pulse generated twwDRS) 512tcoscerky Typ
by watchdog
Delay time, address/data valid after taEex) 32teosceiky Typ
XRS high
Oscillator start-up time tosct 19/ 1 10 ms
Hold time for boot mode pins th(boot-mode) 200tc0sceLk) cycles
See notes at end of table.
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TABLE |. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition 2/ Limits Unit
Min Max
GENERAL PURPOSE INPUT/OUTPUT (GPIO)
General purpose output switching characteristics (See figure 11)
Rise time, GPIO switching low to high tr(cPo) All GPIOs 8 ns
Fall time, GPIO switching high to low trcpo) All GPIOs 8
Toggling frequency, GPO pins fero 25 MHz
General purpose input timing requirements (See figure 12-13)
Sampling period tw(sp) QUALPDR =0 2sco) cycles
QUALPDR #0 2*t¢sco)*QUALPRD
Input qualifier sampling window twiosw) tw(sp)*(n@’ -1)
Pulse duration, GPIO low/high LS Synchronous mode 2"e(sco)
21/ With input qualifier twigswyt twspy+1igsco)
LOW POWER MODE WAKEUP TIMING
IDLE mode timing requirements 22/ (See figure 14)
Pulse duration, external wake up tw(WAKE-INT) Without input qualifier 2l(sco) cycles
signal With input qualifier Ste(sco) + twiosw
IDLE mode switching characteristics 22/
Delay time, external wake signal to
program execution resume 11/
- Wake up from Flash Without input qualifier 20t¢(sco) cycles
- Flash module in active state tawake-pLE) | With input qualifier 20te(sco) + twigsw)
- Wake up from Flash Without input qualifier 1050tc(sco) cycles
- Flash module in sleep state With input qualifier 1050tscoy+ twigsw)
- Wake up from SARAM Without input qualifier 20t¢(sco) cycles
With input qualifier 20tc(scoy+ twiosw)
STANDBY mode timing requirements (See figure 15)
Pulse duration, external wake up tuwae-nm) | Without input qualification 3te(oscoLk) cycles
signal With input qualification 24/ (2+QUALSTDBY)*
te(osceLk)
STANDBY mode switching characteristics (See figure 15)
Delay time, IDLE instruction tagpLE-xCOL) 32t¢(sco) 45t¢(sco) cycles
executed to XCLKOUT low
Delay time, external wake signal to
program execution resume 23/
- Wake up from Flash Without input qualifier 100t¢(sco)
- Flash module in active state With input qualifier 100t¢(sco)+ twwAKE-INT)
- Wake up from Flash tawake-steY) | Without input qualifier 1125t¢sco)
- Flash module in sleep state With input qualifier 1125t¢sco)+ twWAKE-INT)
- Wake up from SARAM Without input qualifier 100t¢(sco)
With input qualifier 100t (sco)+ twwAKE-INT)
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
LOW POWER MODE WAKEUP TIMING - Continued
HALT mode timing requirements
Pulse duration, GPIO wake up signal twwake-cpio) | See figure 16 toscst+2tcosceLky 25/ cycles
Pulse duration, XRS wake up signal Ew(WAKE-XRS) toscst+8te(osceLk)
HALT mode switching characteristics
Delay time, IDLE instruction executed tagoLe-xcor) | See figure 16 32te(sco) 45t¢(sco) cycles
to XCLKOUT low
PLL lock up time tp 131072tcosccLk)
Delay time, PLL lock to program
execution resume td(WAKE-HALT) 1125tysco)
e Wake up from flash
- Flash module in sleep state
e Wake up from SARM 35t¢(sco)
ENHANCED CONTROL PERIPHERALS
ePWM timing requirements 22/
Asynchronous 2te(sco) cycles
Sync input pulse width tw(syciny Synchronous 2te(sco)
With input qualifier 1te(scoy+ twiQsw)
ePWM switching characteristics
Pulse duration, PWMx output high/low twPwm) 20 ns
Sync output pulse width tw(sycour) 8tc(sco) cycles
Delay time, trip input active to PWM tapwm)tza No pin load 25 ns
forced high
Delay time, trip input active to PWM
forced high
Delay time, trip input active to PWM tarz-PwmyHZ 20
Hi-Z
Trip zone input timing requirements 22/
Asynchronous 1te(sco) cycles
Pulse duration, TZx input low tu(rz) Synchronous 2te(sco)
With input qualifier 1te(scoy+ twiqsw)
High resolution PWM characteristics at SYSCLOUT = (60 — 100 MHz)
Micro edge positioning (MEP) step 310 ps
size 26/
Enhanced capture (eCAP) timing requirement 22/
Asynchronous 2t¢(sco) cycles
Capture input pulse width twicap) Synchronous 2te(sco)
With input qualifier Ltescoy+ twigsw)
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
ENHANCED CONTROL PERIPHERALS — Continued
eCAP switching characteristics
Pulse duration, APWMx output high/ twaPwmx) 20 ns
low
Enhanced quadrature encoder pulse (eQEP) timing requirements 22/
QEP input period twEPP) As.yn?hronous/.s.ynchronous 2t¢(sco) cycles
With input qualifier 2(1tescoy+ twaosw))
QEP index input high time fuNDEXH) As_yn.chronous/_s.ynchronous 2t¢(sco)
With input qualifier 2te(scoy+ twagsw)
QED index input low time faNOEX) As.yn.chronous/.s.ynchronous 2t¢(sco)
With input qualifier 2te(scoy+ twaosw)
QED strobe high time fusTROBH) As-ynfzhronous/-s.ynchronous 2t¢(sco)
With input qualifier 2te(scoy+ twagsw)
QED strobe input low time fusTROBL) As.yn.chronous/.s.ynchronous 2t¢(sco)
With input qualifier 2te(scoy+ twagsw)
eQEP switching characteristics
Delay time, external clock to counter tdCNTR)xin 4te(sco) cycles
increment
Delqy time, QEP input edge to ta(PxcsouT)QEP 6te(sco)
position compare sync output
External ADC start of conversion switching characteristics
Pulse duration, ADCSOCAO low twapcsoca) | See figure 18 32te(Hco) cycles
EXTERNAL INTERRUPT TIMING
External interrupt timing requirements 22/
Pulse duration, INT input high/ low twonT) Sy_nchron_o_us Lesco) cycles
With qualifier 1te(scoy+ twiosw)
External interrupt switching characteristics 22/
Delay time, INT low/high to interrupt tagnT) See figure 19 12tc(scoy+ twigsw) cycles
vector fetch
12C ELECTRICAL SPECIFICATION AND TIMING
12C timing
SCL clock frequency fscL 27/ 400 kHz
Low level input voltage Vi 0.3 Vboio \%
High level input voltage \m 0.7 Vbbio
Input hysteresis Vhys 0.05 Vbpio
Low level output voltage Vou 3 mA sink current 0 0.4
Low period of SCL clock tLow 27/ 1.3 us
High period of SCL clock tHiGH 27/ 0.6
Input current with an input voltage I -10 10 MA
between 0.1 Vppio and 0.9 Vppio MAX
See notes at end of table.
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TABLE |. 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) | SPIwhen (SPIBRR+1)
SPI master mode external timing (clock phase = 0) 35/ 36/ 37/ 38/ 39/ is even is odd
or SPIBRR=0or 2 and SPIBRR > 3

1 Cycle time, SPICLK te(spoym See figure 20 AteLco) 128tc(Lco) Ste(Lco) 127tcco) ns

R w | m [ w | @
P(ucllsoeCl((j l:)r;z(r)ig; ST)CLK low twspcLym 28/ 29/ 31/ 32/

, Pg;if‘;ﬁzﬁ?y f:')CLK low tuspoom 28/ 29/ 3y 32/
ety | e w | [ | =
Delay time, SPICLK high to ¢ 10 10

4 | SPISIMO valid (clock polarity = 0) dEPCH-SIMOM
Delay time, SPICLK low to ¢ 10 10
SPISIMO valid (clock polarity = 1) d(SPCL-SIMOM
Valid time, SPISIMO data valid after 28/ 33/

5 SPICLK low (clock polarity = 0) tsPCL-sIMOM £ 22
Valid time, SPISIMO data valid after 28/ 33/

SPICLK high (clock polarity = 1) buspoH-siMOM 8 33
Setup time, SPIOMI before SPICLK 35 35

) low (clock polarity = 0) fsu(somr-sPCLM
Setup time, SPIOMI before SPICLK 35 35
high (clock polarity = 1) lsu(sOMI-SPCHIM
Valid time, SPISIMO data valid after 30/ 31/

9 SPICLK low (clock polarity = 0) tusPeL-somM = 22
Valid time, SPISIMO data valid after 30/ 31/

SPICLK high (clock polarity = 1) tu(spcH-soMIM = 22
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/ Mn | Max | Min | Max
SPI MASTER MODE TIMING - Continued
SPI when (SPIBRR+1) | SPIwhen (SPIBRR+1)
SPI master mode external timing (clock phase = 1)) 35/ 36/ 37/ 38/ 39/ is even is odd
or SPIBRR=0or 2 and SPIBRR > 3
1 Cycle time, SPICLK te(spoym See AteLco) 128tc(Lco) Ste(Lco) 127tcco) ns
i i figure 21
) Pg;isl;ﬁgzg S:I)CLK high tw(spcHm g 28/ 29/ 31/ 32/
s | @ | w | =
3 P(UCI|SOeC|((j l:)rjz?ig; S:I)CLK low twspcLym 28/ 29/ 31/ 32/
P(ucllso ilf :r;gz:; ET)CLK high twsPcHM 28/ 29/ 31/ 32/
Setup time, SPISIMO data valid before 28/ 28/
6 | SPICLK high (clock polarity = 0) fsu(simo-sPcHM
Setup time, SPISIMO data valid before 28/ 28/
SPICLK low (clock polarity = 1) fsu(simo-sPCLM
Valid time, SPISIMO data valid after 28/ 28/
7 SPICLK high (clock polarity = 0) tv(spCH-sIMO)M
Valid time, SPISIMO data valid after 28/ 28/
SPICLK high (clock polarity = 1) tusPCL-sIMOM
Setup time, SPISOMI before SPICLK 35 35
10 high (clock polarity = 0) tsu(somi-sPcH)M
Setup time, SPIOMI before SPICLK 35 35
low (clock polarity = 1) fsu(somI-sPCLM
Valid time, SPISOMI data valid after 30/ 28/
11 | SPICLK high(clock polarity = 0) tspcH-soMM
Valid time, SPISOMI data valid after 30/ 28/
SPICLK low (clock polarity = 1) t(sPeL-somM
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) 36/ 37/ 38/ 39/ 46/
12 | Cycle time, SPICLK te(spo)s See figure 22 4teco) ns
13 | Pulse duration, SPICLK high (clock polarity = 0) tw(sPcH)s 40/ 41/
Pulse duration, SPICLK low (clock polarity = 1) tw(spcL)s 40/ 41/
14 Pulse duration, SPICLK low (clock polarity = 0) tw(spcL)s 40/ 41/
Pulse duration, SPICLK high (clock polarity = 1) tw(sPcH)s 40/ 41/
15 Delay time, SPICLK high to SPISOMI valid (clock polarity = 0) td(spcH-somns 35
Delay time, SPICLK low to SPISOMI valid (clock polarity = 1) td(spcL-somns 35
Valid time, SPISOMI data valid after SPICLK low (clock polarity
16 = 0) tv(spcH-som)s 42/
Valid time, SPISOMI data valid after SPICLK high (clock
polarity = 1) tv(spcL-somis 42/
19 Setup time, SPISIMO before SPICLK low (clock polarity = 0) tsu(simo-spcL)s 35
Setup time, SPISIMO before SPICLK high (clock polarity = 1) tsu(sIMO-SPCH)S 35
20 Valid time, SPISIMO before SPICLK low (clock polarity = 0) tv(spcL-sIMO)s 41/
Valid time, SPISIMO before SPICLK high (clock polarity = 1) ty(sPCH-SIMO)S 41/
SPI slave mode external timing (clock phase =1) 20/ 21/
12 Cycle time, SPICLK tespo)s See figure 23 8teco) ns
13 | Pulse duration, SPICLK high (clock polarity = 0) tw(sPcH)s 40/ 41/
Pulse duration, SPICLK low (clock polarity = 1) tw(spcL)s 40/ 41/
14 Pulse duration, SPICLK low (clock polarity = 0) tw(spcL)s 40/ 41/
Pulse duration, SPICLK high (clock polarity = 1) tw(sPcH)s 40/ 41/
17 Setup time, SPISOMI before SPICLK high (clock polarity = 0) tsu(somI-sPcH)s 43/
Setup time, SPISOMI before SPICLK low (clock polarity = 1) tsu(somi-spcL)s 43/
Valid time, SPISOMI data valid after SPICLK high fusPer-soMS 42/
18 (clock polarity = 0) -
Valid time, SPISOMI data valid after SPICLK low
(clock polarity = 1) fuspt-soms 42
21 Setup time, SPISIMO before SPICLK high (clock polarity = 0) tsu(sIMO-SPCH)S 35
Setup time, SPISIMO before SPICLK low (clock polarity = 1) tsu(siMo-spcL)s 35
Valid time, SPISIMO data valid after SPICLK high tv(spcH-sIMO)s 41/
22 (clock polarity = 0) _
Valid time, SPISIMO data valid after SPICLK low tv(spcL-sIMO)s 21/
(clock polarity = 1) -
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 47/ 48/
Resolution 12 Bits
1 kHz
ADC clock 125 MHz
Accuracy
INL (integral nonlinearity) 1- 12.5 MHz ADC clock (6.25 MSPS) +1.5 LSB
DNL (Differential nonlinearity) 49/ 1- 12.5 MHz ADC clock (6.25 MSPS) +
Offset error 50/ -60 +60
Offset error with hardware trimming 4 Typ
Overall gain error with internal reference -60 +60
51/
Overall gain error with external reference If ADCREFP-ADCREFM =1V +0.1% -60 +60
Channel to channel offset variation 4 Typ
Channel to channel Gain variation +4 Typ
Analog input
Analog input voltage (ADCINx to ADCLO) 0 3 \%
52/
ADCLO -5 5 mV
Input capacitance 10 Typ pF
Input leakage current 15 JIVAN
Internal Voltage reference 51/
Vapcrerr — ADCREFP output voltage at the 1.275 Typ \%
pin based on internal reference
Vapcrerr — ADCREFM output voltage at the 0.525 Typ
pin based on internal reference
Voltage difference, ADCREFP-ADCREFM 0.75 Typ
Temperature coefficient 50 Typ PPM/°C
External Voltage reference 51/ 53/
Vaocrerin — External reference voltage input ADCREFSEL[15:14] = 11b 1.024 Typ \%
on ADCREFIN pin 0.2% or better accurate ADCREFSEL[15:14] = 11b 1.500 Typ
reference recommended
ADCREFSEL[15:14] = 11b 2.048 Typ
AC specifications
Signal to noise ratio + distortion SINAD (100 KHz) 67.5 Typ dB
Signal to noise ratio SNR (100KHz) 68 Typ
Total harmonic distortion THD (100 KHz) -70 Typ
Effective number of bits ENOB 100 KHz) 10.9 Typ Bits
Spurious free dynamic range SFDR 100 KHz) 83 Typ dB
See notes at end of table.
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TABLE |. 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 54/
Delay time for band gap reference to be stable. See figure 24-25 5Typ ms
Bits 7 and 6 of the ADCTRLS3 register ta(8GR)
(ADCBGRFDN1/0) must be set to 1 before the
PWDNADC bit is enabled
Delay time for power down control to be stable. 20 us
Bit delay time for band gap reference to be stable. taPwD)
Bits 7 and 6 of the ADCTRLS3 register 1 ms
(ADCBGRFDN1/0) must be set to 1 before the
PWDNADC bit is enabled. Bit5 of the ADCTRL3
register (PWDNADOC) is to be set to 1 before any
ADC conversions are initiated
Sequential sampling mode timing  See figure 26
Sample n Samplen +1 55/
Delay time from even trigger to sampling ta(sH) 2.5t¢apccLk) ns
Sample/Hold width/Acquisition width tsh (1+Acqps)* 80 ns with Acqps =0
te(abceLk) Typ 56/
Delay time for first result to appear in the Result td(schx_n) 4teapceLk) 320 Typ
register
Delay time for successive results to appear in the ta(schx_n+1) (2+Acqps)* 160 Typ
Result register te(apceLk)
Simultaneous sampling mode timing See figure 27
Sample n Samplen +1 55/
Delay time from even trigger to sampling ta(sH) 2.5t¢(apccLk) ns
Sample/Hold width/Acquisition width tsh (1+Acqps)* 80 ns with Acqps =0
te(apccLi) Typ
Delay time for first result to appear in the Result td(schao_n) 4tcapccLk) 320 Typ
register
Delay time for first result to appear in the Result td(schBo_n) SteapcetLk) 400 Typ
register
Delay time for successive result to appear in the td(schao_n+1) (3+Acqps)* 240 Typ
Result register te(apccLk)
Delay time for successive results to appear in the td(schBo_n+1) (3+Acqps)* 240 Typ
Result register te(apccLk)
See notes at end of table.
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TABLE |. Electrical performance characteristics - Continued. 1/

Test Symbol Test condition Limits Unit
2l Min Max
FLASH TIMING
Flash endurance
Flash endurance for the array (Write/erase cycles) Nt -55°C to 125°C 100 cycles
OTP endurance for the array (Write cycles) Notp -55°C to 125°C 1 write
Flash parameters at 150 MHz SYSCLKOUT 58/
16 Bit Word 50 Typ us
Program time 16K Sector 500 Typ ms
8K sector 250 Typ ms
4K Sector 120 Typ ms
Erase time 16K Sector 10 Typ S
8K sector 10 Typ S
4K Sector 10 Typ S
VDD3VFL current consumption during the Erase lobavELP 75 Typ mA
Erase/Program cycle Program 35 Typ
Vpp current consumption during the Erase/Program cycle loop 140 Typ
Vppio current consumption during the Erase/Program cycle Iobiop 20 Typ
Flash/OTP access timing 59/
Paged Flash access time ta(ip) 36 ns
Random access time ta) 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/
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 |. 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/ lpbpio current is dependent on the electrical loading on the I/O pins.

4/  lppais includes current into Vppiais and Vppoais pins.

5/ lbpass includes current into Vppaz and Vppaio pins.

6/  The Typ numbers are applicable over room temperature and nominal voltage.

7/ The following peripheral clocks are enabled:

ePWM 1/2/3/4/5/6, eCAP 1/2/3/4, eQEP1/ 2, eCAN-A, SCI-A/B, SPI-A, ADC, I°C
All PWM pins are toggled at 100 KHz. Data is continuous transmitted out of the SCI-A, SCI-B, and eCAN-A ports. The
hardware multiplier is exercised. Code is running out of flash with 3 wait states. XCLKOUT is turned off.

8/  Flash is powered down. XCLKOUT is turned off. The following peripheral clocks are enabled:

eCAN-A, SCI-A, SPI-A, I°C

9/  Flash is powered down. Peripheral clocks are off.

10/ Flash is powered down. Peripheral clocks are off. Input clock is disabled.

11/ The following peripheral clocks are enabled:

ePWM 1/2/3, eCAP 1/2, eQEP1, eCAN-A, SCI-A/B, SPI-A, ADC, I°C
All PWM pins are toggled at 100 KHz. Data is continuous transmitted out of the SCI-A, SCI-B, and eCAN-A ports. The
hardware multiplier is exercised. Code is running out of flash with 3 wait states. XCLKOUT is turned off.

12/ This also applied to the X1 pin if a 1.8 V oscillator is used.

13/ Lower LSPCLK and HSPCLK will reduce device power consumption.

14/ This applied to the X1 pin also.

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

16/ H = 0.5tcxco)

17/ OSCCLK is either the output of the on-chip oscillator or the output from an external oscillator.

18/ In addition to the twrsL1) requirement, XRS has to be low at least for 1 ms after Vpp reaches 1.5 V.

19/ Dependent on crystal/resonator and board design.

20/ “n” represents the number of qualification samples as defined by GPxQSELn register.

21/ For twee, pulse width is measured from V,_to V,_ for an active low signal and V4 to V4 for an active high signal.

22/ For an explanation of the input qualifier parameters, see General purpose input timing requirements table.

23/ 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 addition latency.

24/ QUALSTDBY is a 6-bit field in the LPMCRO register.

25/ See Rest ( XRS) timing requirements table for an explanation of toscsr.

26/ Maximum MEP step size is based on worst case process, maximum temperature and maximum voltage. MEP step size will
increase with low voltage and high temperature and decrease with voltage and cold temperature. Applications that use the
HRPWM feature should use MEP scale Factor Optimize (SFO) estimation software functions. SFO functions help to estimate
the number of MEP steps per SYSCLKOUT period dynamically while the HRPWM is in operation. See manufacturer data for
more information.

27/ 12C clock module frequency is between 7 MHz and 12 MHz and 12C prescaler and clock divider registers are configured
appropriately.

28/  0.5tgspoym — 10

29/ 0.5tespom

30/ 0.25t¢spcym — 10

31/ 0.5t¢spcym — 0.5t¢(coy — 10

32/ 0.5tgspcym — 0.5t¢co)

33/ 0.5t¢speym + 0.5t¢co) — 10

34/ 0.5tyspcym + 0.5tc(co)
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TABLE |. Electrical performance characteristics — Continued.

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

t = SPI clock cycle time = or
o(SPe) y 4 (SPIBRR + 1)

teeco) = LSPCLK cycle time.
Internal clock prescalers must be adjusted such that the SPI clock speed is limited to the following SPI clock rate:
Master mode transmit 25 MHz MAX, master mode receive 12.5 MHz MAX
Slave mode transmit 12.5 MAX, slave mode receive 12.5 MHz MAX.
The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPICCR.6).
0.5t¢(spc)s — 10
0.5t¢(spc)s
0.75tyspc)s
0.125t¢(spcys
The MASTER/SLAVE bit (SPICTL.2) is cleared and the CLOCK PHASE bit (SPICTL.3) is cleared.
Tested at 12.5 MHz ADCCLK.
All voltages listed in this table are with respect to Vssao.
Manufacturer specifies that the ADC will have no missing codes.
1 LSB has the weight value of 3.0/4097 = 0.732 mV.
A single internal/external band gap reference 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 listed for the
internal reference depend on the temperature profile of the source used.
Voltages above Vppa + 0.3 or below Vss — 0.3 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.
Manufacturer recommends using high precision external reference for 2.048 V reference.
Timings maintain compatibility to the 281x ADC module. The 280x ADC also support driving all 3 bits at the same time and
waiting ta@war) ms before first conversion.
At 12.5 MHz ADC clock, teapccLk) = 80 ns.
Acqgps value =0-15 ADCTRL1[8:11]
Typical parameters as seen at room temperature using flash API version 3.00 including function call overhead.
For 100 MHz, PAGE WS = 3 and RANDOM WS =3
For 75 MHz, PAGE WS = 2 and RANDOM WS =2
Formulas to compute page wait state and random wait state:

t
Page Wait State = Mtaﬂ] —1} (round up to the highest integer), or 0 whichever is larger
¢(SCO)

tac)

Random Wait State = ﬂ }—1} round up to the highest integer), or 1 whichever is larger

te(sco)
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Case X

S R W By

DETAIL A

0°- 7° PLANE

Symbol Millimeters Symbol Millimeters
Min Max Min Max
A 1.60 D/IE 15.80 | 16.20
Al 1.35 1.45 D1/E1 13.80 | 14.20
A2 0.25 Typ D2/E2 12.00 Typ
A3 0.05 e 0.50 Typ
b 0.17 0.27 L 0.45 0.75
0.13 Nom

Notes:

1. This drawing is subject to change without notice.

2. Falls within JEDEC MS-026

FIGURE 1. Case outlines.
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Case X —Device type 01

Pin Signal name Pin Signal name Pin Signal name
No No No
1 | GPIO12/TZ1/CANTXB/SPISIMOB | 35 ADCREFIN 68 Voo
2 Vss 36 ADCREFM 69 Vss
3 Vobio 37 ADCREFP 70 | GPIO1L/EPWM6B/SCIRXDB/ ECAP4
4 GPI029/SCITXDA/ TZ6 38 ADCRESEXT 4, | GPIO22/EQEP1S/SPICLKCISCITXDB
GPIO33/SCLA/EPWMSYNCO/ 39 Vs82AGND GPIO23/EQEP1I/SPISTEC/
5 ADCSOCBO 72 SCIRXDB
6 GPIO30/CANRXA 40 Vbp2a1s 73 DI
7 GPIO31/CANTXA 41 Vss 74 T™MS
8 | GPIO14/TZ3/SCITXDB/SPICLKB | 42 Voo 75 TCK
9 | GPIO15/TZ4/SCITXDB/SPISTEB | 43 GP1034 76 TDO
10 Vb 44 GPIO1/EPWM1B/SPISIMOD 77 Vss
11 Vss 45 GPIO2/EPWM2A 78 XRS
12 Vbb1a18 46 Vbbio 79 GPI027/ECAP4/EQEP2S/SPIISTEB
13 Vss1AGND 47 GPIO0O/EPWM1A 80 EMUO
14 Vssaz 48 GPI02/EPWM2B/SPISOMID 81 EMU1
15 Vppa2 49 Vss 82 Vobio
16 ADCINA7 50 GPIOL6/SPISIMOA/CANTXB/ TZE 83 | GPIO24/ECAP1L/EQEP2A/SPISIMOB
17 ADCINAG 51 GPIO4/EPWM3A 84 TRST
18 ADCINAS 52 GPIO17/SPISOMIA/CANRXB/ TZ6 85 Voo
19 ADCINA4 53 GPIO5/EPWM3B/SPICLKD/ECAP1 86 X2
20 ADCINA3 54 GPI018/SPICLKA/SCITXDB 87 Vss
21 ADCINA2 55 Vss 88 X1
ADCINA1 GPIOB6/EPWM4A/EPWMSYNCI/EPWMS || 89 Vss
22 56 YNCO
23 ADCINAO 57 GPIO19/SPISTEA/SCIRXDB 90 XCLKIN
24 ADCLO 58 GPIO7/EPWM4B/SPISTED/ECAP2 91 | GPIO25/[ECAP2/EQEP2B/SPISOMIB
25 Vssaio 59 Voo 92 GPIO28/SCIRXDA/ TZ5
26 Vbpaio 60 | GPIOS/EPWMSA/CANTXB/ ADCSOCAO || 93 Voo
27 ADCINBO 61 GPIO9/EPWMS5B/SCITXDB/ECAP3 94 Vss
28 ADCINB1 62 Vss 95 | GPIO13/TZ2 /CANRXB/SPISOMIB
29 ADCINB2 63 | GPIO20/EQEP1A/SPISIMOC/CANTXB | 96 VDDavEL
30 ADCINB3 64 GPIO10/EPWMBA/CANRXB/ TEST1
ADCSOCBO 97
31 ADCINB4 65 Vbbio 98 TEST2
32 ADCINB5 66 XCLKOUT 99 | GPIO26/ECAP3/EQEP2I/SPICLKB
33 ADCINB6 67 | GPIO21/EQEP1B/SPISPMIC/CANRXB | 100 GPI032/SDAA/EPWMSYNCI/
34 ADCINB7 ADCSOCAO
FIGURE 2. Terminal connections.
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Case X —Device type 02

Pin Signal name Pin Signal name Pin Signal name
No No No
1 GPIO12/ TZ1/SPISIMOB 35 ADCREFIN 68 Voo
2 Vss 36 ADCREFM 69 Vss
3 Vobbio 37 ADCREFP 70 GPIO11/EPWM6B/SCIRXDB/ ECAP4
4 GPlOZWSClTXDA/ﬁ 38 ADCRESEXT 71 GPI0O22/EQEP1S/SPICLKC/SCITXDB
GPIO33/SCLA/EPWMSYNCO/ 39 Vs82AGND GPIO23/EQEP1I/SPISTEC/
5 ADCSOCBO 72 SCIRXDB
6 GPIO30/CANRXA 40 Vbp2a1s 73 DI
7 GPIO31/CANTXA 41 Vss 74 T™MS
8 | GPIO14/TZ3/SCITXDB/SPICLKB | 42 Voo 75 TCK
9 | GPIO15/TZ4/SCITXDB/SPISTEB | 43 GP1034 76 TDO
10 Vb 44 GPIO1/EPWM1B/SPISIMOD 77 Vss
11 Vss 45 GPIO2/EPWM2A 78 XRS
12 Vbb1a18 46 Vbbio 79 GPI027/ECAP4/EQEP2S/SPIISTEB
13 Vss1AGND 47 GPIO0O/EPWM1A 80 EMUO
14 Vssaz 48 GPI02/EPWM2B/SPISOMID 81 EMU1
15 Vbpaz 49 Vss 82 Vbbio
16 ADCINA7 50 GPIO16/SPISIMOA/ TZ5 83 GPI024/ECAP1/EQEP2A/SPISIMOB
17 ADCINAG 51 GPIO4/EPWM3A 84 TRST
18 ADCINAS 52 GPIO17/SPISOMIA/ TZ6 85 Voo
19 ADCINA4 53 GPIO5/EPWM3B/SPICLKD/ECAP1 86 X2
20 ADCINA3 54 GPI018/SPICLKA/SCITXDB 87 Vss
21 ADCINA2 55 Vss 88 X1
ADCINA1 GPIOB6/EPWM4A/EPWMSYNCI/EPWMS || 89 Vss
22 56 YNCO
23 ADCINAO 57 GPIO19/SPISTEA/SCIRXDB 90 XCLKIN
24 ADCLO 58 GPIO7/EPWM4B/SPISTED/ECAP2 91 | GPIO25/[ECAP2/EQEP2B/SPISOMIB
25 Vssaio 59 Voo 92 GPIO28/SCIRXDA/ TZ5
26 Vopaio 60 GPIO8/EPWMS5A/ ADCSOCAO 93 Voo
27 ADCINBO 61 GPIO9/EPWMS5B/SCITXDB/ECAP3 94 Vss
28 ADCINB1 62 Vss 95 GPI013/ TZ2 /SPISOMIB
29 ADCINB2 63 GPIO20/EQEP1A/SPISIMOC 96 VDDavEL
30 ADCINB3 64 GPIO10/EPWM6A/ ADCSOCBO o7 TESTL
31 ADCINB4 65 Vpbio 98 TEST2
32 ADCINBS5 66 XCLKOUT 99 | GPIO26/ECAP3/EQEP2I/SPICLKB
33 ADCINB6 67 GPIO21/EQEP1B/SPISPMIC 100 GPI032/SDAA/EPWMSYNCI/
34 ADCINB7 ADCSOCAO
FIGURE 2. Terminal connections - Continued.
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Case X —Device type 03

Pin Signal name Pin Signal name Pin Signal name
No No No
1 GPI012/ TZ1/SPISIMOB 35 ADCREFIN 68 Voo
2 Vss 36 ADCREFM 69 Vss
3 Vooio 37 ADCREFP 70 GPIO11
4 GPIO29/SCITXDA/ TZ6 38 ADCRESEXT 7 GPIO22/EQEP1S
GPI033/SCLA/EPWMSYNCO/ 39 Vss2AGND GPIO23/EQEP1I
5 ADCSOCBO 72
6 GPIO30/CANRXA 40 Vbp2a1s 73 DI
7 GPIO31/CANTXA 41 Vss 74 ™S
8 GPIO14/ TZ3 /SPICLKB 42 Voo 75 TeK
9 GPIO15/TZ4 /SPISTEB 43 GPIO34 76 TDO
10 Voo 44 GPIOL/EPWMIB 77 Vss
11 Vss 45 GPIO2/EPWM2A 78 XRS
12 Vopias 46 Vobio 79 GPI027/SPIISTEB
13 Vss1AGND 47 GPIOO/EPWM1A 80 EMUO
14 Vssaz 48 GPIO2/EPWM2B 81 EMU1
15 Vbpa2 49 Vss 82 Vboio
16 ADCINA7 50 GPIO16/SPISIMOA/ TZ5 83 GPI024/ECAP1/SPISIMOB
17 ADCINAG 51 GPIO4/EPWM3A 84 TRST
18 ADCINAS 52 GPIO17/SPISOMIA/ TZ6 85 Voo
19 ADCINA4 53 GPIO5/EPWM3B/ECAP1 86 X2
20 ADCINA3 54 GPIO18/SPICLKA 87 Vss
21 ADCINA2 55 Vss 88 X1
22 ADCINA1L 56 | GPIO6/EPWMSYNCI/EPWMSYNCO 89 Vss
23 ADCINAO 57 GPIO19/SPISTEA 90 XCLKIN
24 ADCLO 58 GPIO7/ECAP2 91 GPI025/ECAP2/SPISOMIB
o5 Vssaio 59 Voo 92 GPIO28/SCIRXDA/ TZ5
26 Vbpaio 60 GPIO8/ ADCSOCAQO 93 Voo
27 ADCINBO 61 GPIO9 94 Vss
28 ADCINB1 62 Vss 95 GPIO13/TZ2 /SPISOMIB
29 ADCINB2 63 GPIO20/EQEP1A 96 VopaveL
31 ADCINB4 65 Vobio 98 TEST2
32 ADCINB5 66 XCLKOUT 99 GPI026/SPICLKB
33 ADCINB6 67 GPIO21/EQEP1B 100 GPI032/SDAA/EPWMSYNCI/
34 ADCINB7 ADCSOCAO
FIGURE 2. Terminal connections - Continued.
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TINTO

MEMORY BUS

TINT1

32-BIT CPU-TIMER 0

TINT2

32-BIT CPU-TIMER 1

32-BIT CPU-TIMER 2

ARIZEEY;

7

REAL-TIME JTAG

(TDI,TDO,TRST,TCK,

TMS ,EMUO,EMU1)

INT14
PIE
96 INTERRRUPTS <:> MO SARAM
SEE NOTE 1 INTI1Z: 1) 1k x 16
<:> M1 SARAM
4} 1k x 16
NMI,INT13
A EXTERNAL INTERRUPT
il> CONTROL LO SARAM
<:> 4k x 16
q (0-WAIT)
SCI-A/B FIFO <’_’>
6 16 L0 SARAM
P SPI-A/B/C/D | FIFO <:> 4k x 16
1 > > (0-WAIT)
0 1%c-A FIFO <:> C28xCPU SEE NOTE 2
M q 1100 MHz) HO SARAM
U eCAN-A/B [32MBOX) <:> 8k alE
X 8 <:> (0-WAIT)
e0EP1/2 <:> SEE NOTE 3
4 eCAP1/2/3/4 <:::>
(4 TIMERS 32-BIT)
12
ePNM1/2/3/4/5/6 ROM
5 {1z PWM OUTPUTS, Y 32 & « 161c2802)
6 TRIP ZONES, <:> 16 k x 16(C2801)
6 TIMERS 16-BIT)
FLASH
32 > SYSCLKOUT 128 k x 16(F2809)
64 kK x 16 (F2B08)
~ SYSTEM CONTROL <:> 32 k x 16(F2802)
32 k x 16(F2801)
s 16 k x 16(F2801)
XCLKOUT RS 16 k x 16(9501)
XRS CLKIN
XCLKIN (OSCILLATOR,PLL,
PERIPHERAL CLDCKING.<:>
X1 LOW-POWER MODES, oTP
WATCHDOG) <:> 1k x 16
X2 SEE NOTE 4
ADCSOCA/B
as BOOT ROM
30CAZ8 12-BIT ADC <:> <:> 2k x 16
(1-WAIT STATE)
= ,

PERIPHERAL BUS

PROTECTED BY THE CODE-SECURITY MODULE

Notes:
1. 43 of the possible 96 interrupts are used on the devices.
2. Not available on the device type 03.
3. Not available on the device type 02 and 03.

FIGURE 3. Block diagram.
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FIGURE 4. Package lifetime versus operating junction temperature.
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FIGURE 5. Typical operational power versus frequency (for device type 01).
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TESTER PIN ELECTRONICS

DATA SHEET TIMING
REFERENCE POINT

420 3.5 nH . OUTPUT
TRANSMISSION LINE - UNDER
; TEST
4.0 pF < ~~1.85 pF 20 = 500 ' DEVICE PIN
ik T SEE NOTE 1 © SEE NOTE 2
Note:
1. Input requirements in the manufacturer are tested with an input slew rate of < 4 Volts per nanosecond (4 V/ns) at the

device pin.

2. The manufacturer data 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.

FIGURE 6. Test load circuit.

I——cs |——c10 ——| c9
XCLKIN _—I I‘_
seevores 4\ 4\ L\ N\ N
' c1 | 3 c4 c5 c6
XCLKOUT | | | I‘ ‘—l ™ l‘_ _,l‘_ _—l
SEE NOTE z_m//—\_

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 7 Timing waveforms.
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Voor1o ' Voo3vrL
Vooaz ' Vooalo

Voo Vpp1a1s,

Vpp2a1s, /
1.8V
(OXXXXXXAXXXXR)
x1/xe —EERKEIRER N S
4
XCLKOUT OSCCLK/8 - SEE NOTE 1 X 7
iy v USER-CODE —/
=— toscsT ——<—twmsu]——| DEPENDENT
XRS }/ ADDRESS/DATA VALID,
INTERNAL BOOT-ROM CODE
EXECUTION PHASE
ADDRESS/DATA
/CONTROL £ X Vs
{INTERNAL) _d/
- etgEx USER-CODE
EXECUTION PHASE
th (boot-mode) USER-CODE

SEE NOTE 2 DEPENDENT

P

BOOT-MODE PINS

T

GPIO PINS AS INPUT

R2)

BOOT-ROM EXECUTION STARTS

PERIPHERAL/GPIO FUNCTION
BASED ON BOOT CODE

170 PINS

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

X 7

Notes:

1. Upon power up, SYSCLKOUT is OSCCLK/2 Since the XCLKOUTDIV bits in the XCLK register come up with a reset

USER-CODE DEPENDENT

POWER-ON RESET

state of 0, SYSCLKOUT is further divided by 4 before it appears at XCLKOUT. This explains why XCLKOUT =

OSCCLK/8 during this phase.

2. After reset, the boot ROM code samples BOOT Mode pins. Based on the status of the Boot Mode pins, the boot code
branches to destination memory or boot code function. 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 8 Timing waveforms.
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X1x2 Y 4 n_____/ \_5?_/_\_{5_/_\_{5_/_\_/_\
£
XCLKOUT OSCCLK/8 >< i~
%

oseans  [etumma — e

o \ /
’——Tt d(EX) USER-CODE

ADDRESS/DATA/ EXECUTION PHAS?\

\/ \/
CONTROL USER-CODE EXECUTION 0:0 DON'T CARE 0:0 j}< >< M
(INTERNAL) = =

BOOT-ROM EXECUTION STARTS t h(BOOT-MODE)
SEE NOTE
BOOT-MODE 5 PERIPHERAL/
PINS PERIPHERAL/GPIO FUNCTION >< GPIO PINS AS INPUT X GPIO FUNGTION >< 7
7 J
USER-CODE

EXECUTION STARTS

JOPINS  USER-CODE DEPENDENT >< 7 ><}
/

GPIO PINS AS INPUT USER-CODE
(STATE DEPENDS ON INTERNAL PU/PD) DEPENDENT
WARM RESET

Notes:

1. After reset, the Boot ROM code samples BOOT Mode pins. Based on the status of the Boot Mode pin, the boot code
branches to destination memory or boot code function. 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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0SCCLK I | I | | (_
WRITE TO PLLCR
SYSCLKOUT I | I | II

- J\ I\ J
Y Y Y
OSCLKx2 0SCCLK/2 OSCCLK=4
CURRENT CPU CPU FREQUENCY WHILE PLL CHANGED CPU
FREQUENCY IS STABILIZING WITH FREQUENCY

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

EXAMPLE OF EFFECT OF WRITING INTO PLLCR REGISTER

FIGURE 10 Timing waveforms.

GPIO *\k j
tF[GPO]‘JI“ "l“tr[GPOJ

GENERAL-PURPOSE OUTPUT TIMING

FIGURE 11 Timing waveforms.
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SEE NOTE 1

GPIO GPxQSELN+ (6SAMPLES) |_| |
B T e o e e e o e el e e A R R R R R R R '
R

SAMPLING PERIOD DETERMINED
BY GPxCTRLIQUALPRD]
tw(IOSH) SEE NOTE 2

—= SAMPLING WINDOW = (SYSCLKOUT CYCLE=2=QUALPRD) =5)

SEE NOTE 3
SYSCLKOUT

OUALPRD=1
(SYSCLKOUT/2)
SEE NOTE 4

OUTPUT FROM |
QUALIFIER

SAMPLING MODE

e

]
0
-

tuisp

Notes:

1. 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. If QUALPRD = 00, then the sampling period is 1 SYSCLKOUT cycle. For any other value “n” the
qualification sampling period in 2n SYSCLKOUT cycles (i.e., at every 2 n SYSCLKOUT cycles, the GPIO pin will be
sampled).

2. The qualification period selected via GPxCTRL register applies to groups of 8 GPIO pins.
3. The qualification block can take either three or six samples. The GPxQSELRn register selects which sample mode is used.
4. In the example shown, 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)SYSCLKOUT cycles. This would ensure 5
sampling periods for detection to occur. Since external signals are driven asynchronously, an 13-SYSCLKOUT wide pulse
ensures reliable recognition.
FIGURE 12 Timing waveforms.
XCLKOUT —/_\—/_\—/_\—5 ’_/ \ / \ / \
GPIOxn >§: }(
I-— tuiepPI) ———I
GENERAL-PURPOSE INPUT TIMING
FIGURE 13 Timing waveforms.
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Note:

l—i L4 IWAKE-IDLE) 4—|

£C
"

ADDRESS/DATA 46
[INTERNAL) :>< X £4 I X X X ><:
xeekout /NN VAVAVAWVAWAN

W (WAKE-INT)
WAKE INT 4 N _:I,—ss

SEE NOTE

IDLE ENTRY AND EXIT TIMING

1. WAKE INT can be any enabled interrupt, WDINT , XNMI, XRS

FIGURE 14 Timing waveforms.

A B c D) E F—
DEVICE 5
pEvICE XX I STANOBY | sTANDBY XNORMAL EXECUTION
L FLUSHING
PIPELINE .

WAKE -UP %
SIGNAL X #

-ty lwAKE—INT)“‘
-t (WAKE-STBY) -==

A UL UL
XCLKOUT ﬂ_l_l_l_l_ﬂm_l_llﬂ_l_l_l_m « 1 H—;’—H-I_I-I_I-I_I-I_I-I_mm
| |

— 4 (1DLE-XCOL)

STANDBY ENTRY AND EXIT TIMING DIAGRAM

Notes:
1. IDLE instruction is executed to put the device into STANBY mode.
2. 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.
3.  Clock to the peripherals are turned off. However, the PLL and watchdog are not shut down. The device is now in
STANDBY mode.
4.  The external wake up signal is driven active.
5.  After a latency period, the STANDBY mode is excited.
6.  Normal operation resumes. The device will respond to the interrupt (if enabled).
FIGURE 15 Timing waveforms.
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A B ' c D E —
DEVICE | 5 |
STATUS XXL)“ HALT HALT I A X g
FLUSHING i / NORMAL
PIPELINE PLL[LOCK-UP TIME / EXECUTION

WAKE-UP|LATENCY —

LC

GP10n TX /

tw (WAKE-GPI0) to tw (WAKE-HALT)

or XCLKIN L,
] L_I L) e L L

OSCILLATOR START - UP TIME |

[ —

— td (IDLE-XCOH) | | |

HALT WAKE UP USING GPIOn

Notes:

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

2. 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.

3. Clocks to the device are turned off and the internal oscillator and PLL are shut down. If a quartz crystal or ceramic
resonator is used as the clock source, the internal oscillator is shut down as well. The device is now in HALT mode and
consumes absolute minimum power.

4. When the GPIOn pin is driven low, the oscillator is turned on and the oscillator wake-up sequence is initiated. The GPIO
pin should be driven high only after oscillator has stabilized. This enables the provision of a clean clock signal during the
PLL lock sequence. Since the falling edge of the GPIO pin asynchronously begins the wakeup procedure, care should be
taken to maintain a low noise environment prior to entering and during HALT mode.

5. When XNMI is deactivated, it initiates the PLL lock sequence, which takes 131,072 OSCCLK(X1/X2 or X1 or XCLKIN)
cycles.

6. 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.

7. Normal operation resumes.

FIGURE 16 Timing waveforms.
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XCLKOUT
sevore 1/ N/ N/ \_F ./ ./ L

e

ty (TZ-PUMI HZ

PWM X X

SEE NOTE 2

PWM HI-Z CHARACTERISTICS

Notes:
1. TZ -TZ1, 722, TZ3, TZ4, TZ5, TZ6
2. PWM refers to all PWM pins in the device. The state of the PWM pins after TZ is taken high depends on the
PWM
FIGURE 17 Timing waveforms.
|<——|— by (ADCSOCAL)

ADCSOCAD

R N/

ADCSOCBO

ADCSOCAQO OR ADCSOCBO TIMING
FIGURE 18 Timing waveforms.
l-——l— YW (INT)
XNMI,XINT1,XINT2 \ /
~| g
N TERNAL SRR RRgK R T v 107
EXTERNAL INTERRUPT TIMING
FIGURE 19 Timing waveforms.
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L 1 |
I

SPICLK
(CLOCK POLARITY=0) | |
SPICLK ‘ ‘
(CLOCK POLARITY=1)
——I 4 |<— 5 i
AR S0
SPISIMO O
XN oaTals vato
8 9

sosom SRRTRORRR s SRR

LINNNNNNNNNNNNN INNNNNNNNNANNNNNN

SPISTE
SEE NOTE

SPI MASTER MODE EXTERNAL TIMING(CLOCK PHASE=0)

Note:

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

FIGURE 20 Timing waveforms.

SPICLK

(CLOCK POLARITY=0) | |
SPICLK |

(CLOCK POLARITY=1)

V’V’V \V4 V‘V‘V’V’V VV V‘ V‘V" "V’V’V‘V’V‘V‘V’
sersivo ZRERERERD R

10
OOOOOOOOOOOOOOE MASTER TN DATAXOOOOOOOOOO0
SPrsom 020202020202020202020202020’“’"“’""’

QOOOOXRXX)
SPISTE \
SEE NOTE

SPI MASTER EXTERNAL TIMING(CLOCK PHASE=1)

Note:
1. INthe MASEr Mece, c. et guve mumve vrmrgoruyu iy mervi v v —1 + wivus wuyes 1 wee wwlliNG €nd of the word,
the SPISTE will go inactive 0.5t¢spc) after receiving edge (SPICLK) of the last data bit.
FIGURE 21 Timing waveforms.
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| 12 |
SPICLKm
(CLOCK POLARITY=0)
}—‘134{ |‘— 14———1‘
SPICLKW
(CLOCK POLARITY=1)
15 }——16——1
OO SPISOMI
se1somn SREXREN  oarn 13 wato KORRK
19 20

TRRXXXXXKXXXY) (RXXXXXXXXXXXRKR)
SPISIMD X RN s s v 1o XXX

SPISTE \
SEE NOTE

SPI SLAVE MODE EXTERNAL TIMING(CLOCK PHASE=0)

Note:

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

FIGURE 22. Timing waveforms.

12
SPICLK |
(CLOCK POLARITY=0)

\ 13 14

SPICLK
(CLOCK POLARITY=1)

17 —e=te—18

x b

vvvvvvvvvvvv’ YYYYYYYYYYY

SPISOMI
SPISOML XXXk 0aTA 15 vaL1o AU\ DATA VALID

r‘—Zl 22*1

XXXXXXRXXXXA 5P Ts 10 DAt X AXXXXXXXXKK
SPISIMO o20202020202020!0!0!0!0!0!0"oﬁoummmA

(XX )
0’0’0’0’0 AKX 0.0
SPISTE \
SEE NOTE

SPI SLAVE MODE EXTERNAL TIMING(CLOCK PHASE=1)

Note:

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

FIGURE 23. Timing waveforms.
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ADC POWER UP DELAY ADC READY FOR CONVERSION

PWDNBG

_f
PWDNREF #
—ty (ch——l
PWDNADC /
Ltd (PWD)—=]

REQUEST FOR
ADC
CONVERSION

ADC POWER-UP CONTROL BIT TIMING

FIGURE 24. Timing waveforms.

Rs  ADCINO;

SIGNAL

SOURCE Ch
: 1.64 pF
- AR “26x osp
ADC ANALOG INPUT IMPEDANCE MODEL
Typical values of the circuit components:
Switching resistance (Ron) @ 1 kQ.
Sampling capacitor (Cp): 1.64 pF
Parasitic capacitance (Cp): 10 pF
Source resistance (Rs): 50 Q
FIGURE 25. Timing waveforms.
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SAMPLE n+2
SAMPLE n+1
SAMPLE n

—
ANALOG INPUT ON (/’Q‘
CHANNEL Ax or Bx

SAMPLE AND HOLD P——{__r__{__I__{__J__{__J__1__J__T__J___L__r__L__[__l_
SH PULSE

SMODE BIT
taisH ~=-tyschx_n taschx_n+1
ADC EVENT TRIGGER M - f=tgy
FROM ePWM OR

OTHER SOURCES |

SEQUENTIAL SAMPLING MODE (SINGLE-CHANNEL) TIMING

FIGURE 26. Timing waveforms.

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

ANALOG INPUT ON
CHANNEL Bx

ADC CLOCK

SAMPLE AND HOLD r———j r———w
SH PULSE r__

SMODE BIT

= tq(sH) tsy = Y4schAO_n+1 |

ADC EVENT TRIGGER
FROM ePWM OR
OTHER SOURCES

- tds chAQ_n—"™

e——— tdschBo_n—=1 “dschBO_n+1 (=

SIMULTANEOUS SAMPLING MODE TIMING

FIGURE 27. 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 http://www.landandmaritime.dla.mil/Programs/Smct/.

Vendor item drawing administrative Device manufacturer Vendor part number
control number 1/ CAGE code
V62/06619-01XE 01295 SM320F2808PZMEP
V62/06619-02XE 2/ SM320F2806PZMEP
V62/06619-03XE 01295 SM320F2801PZMEP

1/ The vendor item drawing establishes an administrative control number for identifying the item on
the engineering documentation.
2/ Not yet available from a source of supplied.

CAGE code Source of supply
01295 Texas Instruments, Inc.

Semiconductor Group

8505 Forest Lane

P.O. Box 660199

Dallas, TX 75243

Point of contact: U.S. Highway 75 South
P.O. Box 84, M/S 853
Sherman, TX 75090-9493
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