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ATmega3208/4808 — 32-pin Data Sheet

— SleepWalking peripherals
»  Power Down with limited wake-up functionality

*  Peripherals

One 16-bit Timer/Counter type A with dedicated period register, three compare channels (TCA)
Three 16-bit Timer/Counter type B with input capture (TCB)
One 16-bit Real Time Counter (RTC) running from external crystal or internal RC oscillator
Three USART with fractional baud rate generator, autobaud, and start-of-frame detection
Master/slave Serial Peripheral Interface (SPI)
Dual mode Master/Slave TWI with dual address match

+ Standard mode (Sm, 100 kHz)

* Fast mode (Fm, 400 kHz)

» Fast mode plus (Fm+, 1 MHz)
Event System for CPU independent and predictable inter-peripheral signaling
Configurable Custom Logic (CCL) with up to four programmable Lookup Tables (LUT)
One Analog Comparator (AC) with scalable reference input
One 10-bit 150 ksps Analog to Digital Converter (ADC)
Five selectable internal voltage references: 0.55V, 1.1V, 1.5V, 2.5V, and 4.3V
CRC code memory scan hardware

» Optional automatic scan after reset
Watchdog Timer (WDT) with Window Mode, with separate on-chip oscillator
External interrupt on all general purpose pins

* 1/O and Packages:

27 programmabile 1/O lines
32-pin VQFN 5x5 and TQFP 7x7

+  Temperature Range: -40°C to 125°C
*  Speed Grades:

0-5 MHz @ 1.8V - 5.5V
0-10 MHz @ 2.7V - 5.5V
0-20 MHz @ 4.5V - 5.5V, -40°C to 105°C
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Electrical Characteristics

Electrical Characteristics

Absolute Maximum Ratings

Stresses beyond those listed in this section may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or other conditions beyond those indicated in
the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Table 5-1. Absolute Maximum Ratings

WMW

Power Supply Voltage -0.5 6
IVDD Current into a Vpp pin Ta=[-40, 85]°C - 200 mA
Ta=[85, 125]°C - 100 mA
lenD Current out of a GND pin Ta=[-40, 85]°C - 200 mA
Ta=[85, 125]°C - 100 mA
VpeIN Pin voltage with respect to GND -0.5 Vppt+0.5 V
lpiN I/O pin sink/source current -40 40 mA
le1™ I/O pin injection current except for the RESET pin Vyin<GND-0.6V or 5.5V<V,;<6.1V -1 mA
4.9V<VDD55.5V
leo™M I/O pin injection current except for the RESET pin Vyin<GND-0.6V or Viy<5.5V -15 15 mA
Vpps4.9V
Tstorage Storage temperature -65 150 °C
Note:
1. — If Vp)y is lower than GND-0.6V, then a current limiting resistor is required. The negative DC
injection current limiting resistor is calculated as R = (GND-0.6V — Vn)/Icp.
— If Vp)\ is greater than Vpp+0.6V, then a current limiting resistor is required. The positive DC
injection current limiting resistor is calculated as R = (Vin-(Vpp+0.6))/Ich.
5.2 General Operating Ratings

The device must operate within the ratings listed in this section in order for all other electrical
characteristics and typical characteristics of the device to be valid.
Table 5-2. General Operating Conditions

T S T Y

Operating Supply Voltage .81

Ta Operating temperature range Standard temperature range -40 125 °C

Note:
1. Operation is guaranteed down to 1.8V or VBOD with BODLEVEL=1.8V, whichever is lower.
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Table 5-3. Operating Voltage and Frequency

o D o

fck cpu  Nominal operating system clock frequency Vpo=[1.8, 5.5]V MHz
Ta=[-40, 105]°C(@)

Vpp=[2.7,55v 0 10
Ta=[-40, 105]°C®)
Vpo=[4.5,55v |0 20
Ta=[-40, 105]°C*)
Voos[2.7,55v 0 8
Ta=[-40, 125]°C®)

0o 16

VDD=[4-51 55]V
TA=[-40, 125]°C®)

1. Operation is guaranteed 5% above the maximum frequency.

2. Operation is guaranteed down to BOD triggering level, Vgop with BODLEVEL=1.8V.
3. Operation is guaranteed down to BOD triggering level, Vgop with BODLEVEL=2.7V.
4. Operation is guaranteed down to BOD triggering level, Vgop with BODLEVEL=4.3V.

The maximum CPU clock frequency depends on Vpp. As shown in the following figure, the Maximum
Frequency vs. Vpp is linear between 1.8V < Vpp < 2.7V and 2.7V < Vpp < 4.5V

Figure 5-1. Maximum Frequency vs. Vpp for [-40, 105]°C
A

20MHz

10MHz

Safe Operating Area

5MHz

\ 4

1.8V 2.7V 4.5V 5.5V

Power Considerations

The average die junction temperature, T, (in °C) is given from the formula

Ty=Ta+Pp * Rgya
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Electrical Characteristics

where Pp is the total power dissipation.

The total thermal resistance of a package (Rgja) can be separated into two components, Rgjc and Rgca,
representing the barrier to heat flow from the semiconductor junction to the package (case) surface (Rg,c)
and from the case to the outside ambient air (Rgca). These terms are related by the equation:

Reua = Rayc + Reca-

Rgyc is device related and cannot be influenced by the user. However, Rgcpa is user dependent and can
be minimized by thermal management techniques such as heat sinks, ambient air cooling, and thermal
convection. Thus, good thermal management on the part of the user can significantly reduce Rgca so that
Rgya approximately equals Rgyc.

The power dissipation curve is negatively sloped as ambient temperature increase. The maximum power
dissipation is therefore at minimum ambient temperature while the highest junction temperature occurs at
the maximum ambient temperature.

Table 5-4. Power Dissipation and Junction Temperature vs Temperature

Fan (G 7o W) il T, Ta0) e

VQFN32 -40°C to 125°C
TQFP32 -40°C to 125°C 1.0

Power Consumption
The values are measured power consumption under the following conditions, except where noted:
* VDD=3V
e Tp=25°C
*+ OSC20M used as system clock source, except where otherwise specified
*  System power consumption measured with peripherals disabled and without I/O drive.

Table 5-5. Power Consumption in Active and Idle Mode

T N

Active | Active power consumption  fg k cpu=20 MHz (OSC20M) Vpp=5V 85 |-
foik cpu=10 MHz (OSC20M div2)  Vpp=5V 4.3 - mA
Vpp=3V 23 - mA
foLk_cpu=5 MHz (OSC20M div4) Vpp=5V 2.15 - mA
Vpp=3V 1.2 - mA
Vpp=2V 0.75 - mA
foLk_cpu=32 KHz (OSCULP32K) Vpp=5V 164 - pA
Vpp=3V 9.0 - pA
Vpp=2V 6.0 - pA
Idle Idle power consumption feik_cpu=20 MHz (OSC20M) Vpp=5V 28 - mA
foik_cpu=10 MHz (OSC20M div2)  Vpp=5V 1.4 - mA
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Electrical Characteristics

Symoo oeseipior———Conten W T e ot

Factory calibration accuracy Ta=25°C, 3.0V ' TBD | +0.75 TBD %
Etota.  Total error with 16 MHz From target Ta=[0, 70]°C, TBD +2 TBD %
frequency selection frequency Vpp=[1.8, 3.6]V
Full operation TBD %3 TBD
range
Total error with 20 MHz From target Ta=[0, 70]°C, TBD %2 TBD
frequency selection frequency Vpp=[1.8, 3.6]V
Full operation TBD %3 TBD
range
Eprirr  Accuracy with 16 MHz Factory calibrated  Ta=[0, 70]°C, TBD 1.5 TBD %
Frequency Selection relative Vpp=3V(1) Vpp=[1.8, 5.5]V

to the factory-stored
frequency value

Accuracy with 20 MHz Factory calibrated | Tp=[0, 70]°C, TBD 1.5 TBD
Frequency Selection relative Vpp=3V(1) Vpp=[1.8, 5.5]V

to the factory-stored

frequency value

Afoscoom  Calibration step size - 0.75 - %

Dosc2om | Duty cycle - 50 - %

tstartup Start-up time Within 2% - 12 - us
accuracy

Note:

1. See also the description of OSC20M on calibration.
2. Oscillator Frequencies above speed specification must be divided so that CPU clock always is
within specification.

Table 5-13. 32.768 kHz Internal Oscillator (OSCULP32K) Characteristics

i pepnContar corsion i i unk

foscuLpaok | Factory calibration 32.768
frequency
Factory calibration Ta=25°C, 3.0V -3 12 3 %
accuracy
EtoTaL Total error from target Factory Ta=[0, 70]°C, -10 5 +10 %
frequency calibrated Vpp=[1.8, 3.6]V
Full operation -30 %10 +30
range
DoscuLpszx  Duty cycle 50 %
tstartup Start-up time - 250 - us
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Note:
1. Pin group A (PA[7:0]), PF[6:2]), pin group B (PB[7:0], PC[7:0]), pin group C (PD:7:0, PE[3:0],
PF[1:0]). For 28-pin and 32-pin devices pin group A and B should be seen as a single group. The
combined continuous sink/source current for each individual group should not exceed the limits.

VREF

Table 5-17. Internal Voltage Reference Characteristics

I [ N T

tstart Start-up time

VDDINTO55V Power supply voltage range for INTO55V 1.8 - 55 V
VDDINT11V Power supply voltage range for INT11V 1.8 - 5.5
VDDINT15V Power supply voltage range for INT15V 1.8 - 55
VDDINT25v Power supply voltage range for INT25V 3.0 - 5.5
VDDINT43V Power supply voltage range for INT43V 4.8 - 55

Table 5-18. ADC Internal Voltage Reference Characteristics(!

T ST T

INT11V Internal reference voltage Vop=[1.8V, 3.6V] 2.0
T=[0 - 105]°C

INTO55V Internal reference voltage Vpp=[1.8V, 3.6V] -3.0 3.0

INT15V T=[o - 105]0C

INT25V

INTO55V Internal reference voltage Vpo=[1.8V, 5.5V] -5.0 5.0

INT11V T=[-40 - 125]°C

INT15V

INT25V

INT43V

Note:

1. These values are based on characterization and not covered by production test limits.

2. The symbols INTxxV refer to the respective values of the ADCOREFSEL bit field in the
VREF.CTRLA register.

Table 5-19. AC Internal Voltage Reference Characteristics(1)

S ST T

INTO55V Internal reference voltage Vpp=[1.8V, 3.6V] -3.0
INT11V T=[0 - 105]°C
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Electrical Characteristics

S T

REFSEL = fapc=115 ksps -
INTERNAL
1.1V<VRer
REFSEL = VDD fapc=115 ksps - 0.9 -
1.8VSVRer

EABS  Absolute REFSEL = T=[0-105]°C - <10 - LSB

accuracy INTERNAL Vop = [1.8V-3.6V]

Veer = 1.1V Vpp = [1.8V-3.6V] - <15 -
REFSEL = Vpp - 2 -
REFSEL = - <35 -
INTERNAL

EGAIN  Gain error REFSEL = T=[0-105]°C - +15 - LSB
INTERNAL Vip = [1.8V-3.6V]
Vrer = 1.1V Vpp = [1.8V-3.6V] - +20 -
REFSEL = Vpp - 2 -
REFSEL = - +35 -
INTERNAL

EOFF Offset error REFSEL = - -0.5 - LSB
INTERNAL
VRer = 0.55V
REFSEL = - -0.5 - LSB
INTERNAL
1.1V < VRgr

Note:

1. A DNL error of less than or equal to 1 LSB ensures a monotonic transfer function with no missing
codes.

2. These values are based on characterization and not covered by production test limits.

3. Reference setting and fapc must fulfill the specification in "Clock and Timing Characteristics" and
"Power supply, Reference, and Input Range" tables.

5.11.2 External Reference Characteristics
Operating conditions:
e Vpp=1.8to5.5V
*  Temperature = -40°C to 125°C
«  DUTYCYC = 25%
* CLKapc =13 * fapc
« SAMPCAP is 5 pF
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Typical Characteristics

Figure 6-5. Active Supply Current vs. Vpp (f=32 KHz OSCULP32K)
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6.1.2 Supply Currents in Idle Mode
Figure 6-6. Idle Supply Current vs. Frequency (1-20 MHz) at T=25°C
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Typical Characteristics

Figure 6-9. Idle Supply Current vs. Vpp (f=32 KHz OSCULP32K)
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6.1.3 Supply Currents in Power-Down Mode
Figure 6-10. Power-Down Mode Supply Current vs. Temperature (all functions disabled)
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Typical Characteristics

Figure 6-15. Standby Mode Supply Current vs. Vpp (Sampled BOD running at 1 kHz)
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6.1.5 Power on Supply Currents
Figure 6-16. Power-on Supply Current vs. Vpp (BOD enabled at 4.3V level)
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Typical Characteristics

6.2 GPIO

GPIO Input Characteristics
Figure 6-17. 1/0 Pin Input Hysteresis vs. Vpp
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Figure 6-18. 1/0 Pin Input Threshold Voltage vs. Vpp (T=25°C)
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Figure 6-19. 1/0O Pin Input Threshold Voltage vs. Vpp (V|4)
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Figure 6-20. 1/0 Pin Input Threshold Voltage vs. Vpp (V|.)
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Figure 6-35. Internal 4.3V Reference vs. Temperature
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6.4 BOD Characteristics

BOD Current vs. Vpp
Figure 6-36. BOD Current vs. Vpp (Continuous Mode Enabled)
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Typical Characteristics

Figure 6-41. BOD Threshold vs. Temperature (Level 4.3V)
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6.5 ADC Characteristics
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Figure 6-42. Absolute Accuracy vs. Vpp (fapc=115 ksps) at T=25°C, REFSEL = Internal Reference
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Typical Characteristics

Figure 6-47. Gain Error vs. V. (Vpp=5.0V, fapc=115 ksps), REFSEL = Internal Reference
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Figure 6-48. INL vs. Vpp (fapc=115 ksps) at T=25°C, REFSEL = Internal Reference
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Figure 6-49. INL vs. V¢ (Vpp=5.0V, faApc=115 ksps), REFSEL = Internal Reference
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Figure 6-50. Offset Error vs. Vpp (fapc=115 ksps) at T=25°C, REFSEL = Internal Reference
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Figure 6-55. DNL vs. VgRer (Vpp=5.0V, faopc=115 ksps, REFSEL = External Reference)
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Figure 6-56. Gain vs. Vpp (fapc=115 ksps, T=25°C, REFSEL = External Reference)
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Figure 6-69. OSC20M Internal Oscillator: Frequency vs. Vpp
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6.8 OSCULP32K Characteristics
Figure 6-70. OSCULP32K Internal Oscillator Frequency vs. Temperature
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Conventions

Conventions

Memory Size and Type
Table 8-1. Memory Size and Bit Rate

KB kilobyte (210 = 1024)

MB megabyte (220 = 1024*1024)

GB gigabyte (230 = 1024*1024*1024)
b bit (binary '0' or '1')

B byte (8 bits)

1 kbit/s 1,000 bit/s rate (not 1,024 bit/s)

1 Mbit/s 1,000,000 bit/s rate

1 Gbit/s 1,000,000,000 bit/s rate

word 16-bit

Frequency and Time
Table 8-2. Frequency and Time

kHz 1 kHz = 108 Hz = 1,000 Hz

KHz 1 KHz = 1,024 Hz, 32 KHz = 32,768 Hz
MHz 1 MHz = 108 Hz = 1,000,000 Hz

GHz 1 GHz = 10° Hz = 1,000,000,000 Hz

s second

ms millisecond

us microsecond

ns nanosecond
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