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Some timer/counters have extensions to enable more specialized waveform and frequency generation. The advanced
waveform extension (AWeX) is intended for motor control and other power control applications. It enables low- and high-
side output with dead-time insertion, as well as fault protection for disabling and shutting down external drivers. It can
also generate a synchronized bit pattern across the port pins.

The advanced waveform extension can be enabled to provide extra and more advanced features for the Timer/Counter.
This is only available for Timer/Counter 0. See "AWeX — Advanced Waveform Extension” on page 37 for more details.

The high-resolution (hi-res) extension can be used to increase the waveform output resolution by four or eight times by
using an internal clock source running up to four times faster than the peripheral clock. See “Hi-Res — High Resolution
Extension” on page 38 for more details.

Figure 16-1. Overview of a timer/counter (TC) and closely related peripherals.
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PORTC, PORTD, PORTE and PORTF each has one timer/counter 0 and one timer/counter1. Notation of these
timer/counters are TCCO (timer/counter C0), TCC1, TCDO, TCD1, TCEO, TCE1, TCFO, and TCF1, respectively.
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19. Hi-Res - High Resolution Extension

19.1 Features
e |Increases waveform generator resolution up to 8x (three bits)
e Supports frequency, single-slope PWM and dual-slope PWM generation
e Supports the AWeX when this is used for the same timer/counter

19.2 Overview
The high-resolution (hi-res) extension can be used to increase the resolution of the waveform generation output from a
timer/counter by four or eight. It can be used for a timer/counter doing frequency, single-slope PWM, or dual-slope PWM
generation. It can also be used with the AWeX if this is used for the same timer/counter.
The hi-res extension uses the peripheral 4x clock (Clkpgr4)- The system clock prescalers must be configured so the
peripheral 4x clock frequency is four times higher than the peripheral and CPU clock frequency when the hi-res extension
is enabled.
There are four hi-res extensions that each can be enabled for each timer/counters pair on PORTC, PORTD, PORTE and
PORTF. The notation of these peripherals are HIRESC, HIRESD, HIRESE and HIRESF, respectively.

At L XMEGA A1U [DATASHEET] 38

m e Atmel-8385I-AVR-ATxmega64A1U-128A1U-Datasheet-09/2014



Figure 29-1. ADC overview.
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Two inputs can be sampled simultaneously as both the ADC and the gain stage include sample and hold circuits, and the
gain stage has 1x gain setting.

Four inputs can be sampled within 1.5us without any intervention by the application.

The ADC may be configured for 8- or 12-bit result, reducing the minimum conversion time (propagation delay) from 3.5us
for 12-bit to 2.5us for 8-bit result.

ADC conversion results are provided left- or right adjusted with optional ‘1’ or ‘0’ padding. This eases calculation when
the result is represented as a signed integer (signed 16-bit number).

PORTA and PORTB each has one ADC. Notation of these peripherals are ADCA and ADCB, respectively.
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Mnemonics

ICALL

EICALL

CALL

RET

RETI

CPSE

CP

CPC

CPI

SBRC

SBRS

SBIC

SBIS

BRBS

BRBC

BREQ

BRNE

BRCS

BRCC

BRSH

BRLO

BRMI

BRPL

BRGE

BRLT

BRHS

BRHC

BRTS

BRTC

BRVS

BRVC

BRIE

BRID

MOV

MOVwW

LDI

Atmel

Operands

Rd, Rr
Rd, Rr

Rd, K

Desc on

Indirect Call to (Z)

Extended Indirect Call to (Z)

call Subroutine

Subroutine Return

Interrupt Return

Compare, Skip if Equal

Compare

Compare with Carry

Compare with Immediate

Skip if Bit in Register Cleared
Skip if Bit in Register Set

Skip if Bit in 1/0 Register Cleared
Skip if Bit in 1/0 Register Set
Branch if Status Flag Set

Branch if Status Flag Cleared
Branch if Equal

Branch if Not Equal

Branch if Carry Set

Branch if Carry Cleared

Branch if Same or Higher
Branch if Lower

Branch if Minus

Branch if Plus

Branch if Greater or Equal, Signed
Branch if Less Than, Signed
Branch if Half Carry Flag Set
Branch if Half Carry Flag Cleared
Branch if T Flag Set

Branch if T Flag Cleared

Branch if Overflow Flag is Set
Branch if Overflow Flag is Cleared
Branch if Interrupt Enabled

Branch if Interrupt Disabled

Copy Register
Copy Register Pair

Load Immediate

Data transfer instructions

Operation
PC(15:0) «
PC(21:16)
PC(15:0) «
PC(21:16) <«
PC «
PC «
PC «
if(RA=Rr)PC  «
Rd - Rr
Rd-Rr-C
Rd - K
if (Rr(b) =0) PC  «
if (Rr(b)=1)PC  «
if I/O(Ab) =0)PC  «
If (I/0(Ab) =1) PC  «
if SREG(s) = 1) then PC  «
if (SREG(s) =0) then PC  «
if(Z=1)thenPC «
ifZ=0)thenPC «
if C=1)thenPC «
if (C=0)thenPC «
if (C=0)thenPC «
if (C=1)thenPC «
if(N=1)thenPC «
if (N=0)thenPC «
if (N®V=0)then PC  «
if (N®V=1)thenPC  «
if(H=1)thenPC  «
if (H=0)thenPC  «
if(T=1)thenPC  «
if (T=0)thenPC  «
if V=1)thenPC  «
if V=0)thenPC  «
if 1 =1)thenPC  «
if I =0)thenPC  «
Rd  «
Rd+1:Rd  «
Rd  «

STACK

STACK

PC+2o0r3

PC+2o0r3

PC+2o0r3

PC+2o0r3

PC+2o0r3

PC+k+1
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PC+k+1
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PC+k+1
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PC+k+1
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PC+k+1

PC+k+1

PC+k+1

PC+k+1

PC+k+1

PC+k+1

PC+k+1
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Rr

Rr+1:Rr

K

XMEGA A1U [DATASHEET]

Atmel-8385I-AVR-ATxmega64A1U-128A1U-Datasheet-09/2014

None

None

None

None

|

None
Z,CN,\V,SH
Z,CN,\V,SH
Z,CN\V,SH
None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None
None

None

#Clocks

2/3M

3

3/40
4750
4750

1/2/3

1/2/3
1/2173
2/3/4

2/3/4

67



37.1.6 ADC characteristics

Table 37-8. Power supply, reference and input range.

Parameter Condition
AVic Analog supply voltage Vee- 0.3 Vet 0.3 v
VRer Reference voltage 1.0 AVc- 0.6
Rin Input resistance Switched 5.0 kQ
Ci, Input capacitance Switched 5.0 pF
RaRer Reference input resistance (leakage only) >10 MQ
CaRer Reference input capacitance  Static load 7 pF
Vin Input range -0.1 AV(+0.1
Conversion range Differential mode, Vinp - Vinn -VRrer VRer \Y
VN Conversion range Single ended unsigned mode, Vinp -AV Vrep-AV
AV Fixed offset voltage 190 Isb

Table 37-9. Clock and timing.

Parameter Condition
;\/Iammum is 1/4 of peripheral clock 100 2000
Clkapc  ADC Clock frequency requency kHz
Measuring internal signals 100 125
Current limitation (CURRLIMIT) off 100 2000
CURRLIMIT = LOW 100 1500
fanc Sample rate ksps
CURRLIMIT = MEDIUM 100 1000
CURRLIMIT = HIGH 100 500
Sampling time 1/2 Clkppc cycle 0.25 5 us
s (RES+2)/2+(GAIN !=0) Clkapc
eRiei el leteney) RES (Resolution) = 8 or 12 5 2 cycles
Start-up time ADC clock cycles 12 24
cycles
After changing reference or input mode 7 7
ADC settling time C”‘?Dc
After ADC flush 1 1 cycles
XMEGA A1U [DATASHEET 80
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37.1.14.3 Calibrated and tunable 32MHz internal oscillator characteristics

Table 37-24. 32MHz internal oscillator characteristics.

Parameter Condition

Tunable frequency range 5):“'; Iéga;nn;u?eer;gér;fuf:gquency over 30 35 My
Factory calibrated frequency 32

Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5 .
DFLL calibration step size 0.24 :

37.1.14.4 32kHz Internal ULP Oscillator characteristics

Table 37-25. 32kHz internal ULP oscillator characteristics.

Symbol @ Parameter Condition
Output frequency 32 kHz
Accuracy -30 30 %

37.1.14.5 Internal Phase Locked Loop (PLL) characteristics

Table 37-26. Internal PLL characteristics.

Symbol @ Parameter Condition Min. Typ. Max. Units
fin Input frequency Output frequency must be within fo1 0.4 64
Vo= 1.6V 20 32
MHz
four  Output frequency'” Vog= 2.7V 20 96
V= 3.6V 20 128
Duty cycle 50 %
Start-up lock time four = 48MHz 18
Re-lock time fourinit = TOMHz, fo1.eng = 64MHZ 17 He
Note: 1. The maximum output frequency vs. supply voltage is linear between 1.8V and 2.7V, and can never be higher than four times the maximum CPU frequency.
AtmeL XMEGA A1U [DATASHEET] 87

Atmel-8385I-AVR-ATxmega64A1U-128A1U-Datasheet-09/2014



Parameter Condition

Ve =1.6-1.8V 4.5

toL Clock Low Time ns
Ve = 2.7 - 3.6V 24
Veec=1.6-1.8V 1.5

tcr Rise Time (for maximum frequency) ns
Voo =2.7-3.6V 1.0
Ve =1.6-1.8V 15

tce Fall Time (for maximum frequency) ns
Vg =2.7 - 3.6V 1.0

Atek Change in period from one clock cycle to the next 10 %

Notes: 1. System Clock Prescalers must be set so that maximum CPU clock frequency for device is not exceeded.

2. The maximum frequency vs. supply voltage is linear between 1.6V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

37.1.14.7 External 16MHz crystal oscillator and XOSC characteristics

Table 37-29. External 16MHz crystal oscillator and XOSC characteristics.

Symbol | Parameter Condition Min. Typ. Max. Units
FRQRANGE=0 <10
Cycle to cycle jitter ns
FRQRANGE=1, 2, 3 <1
FRQRANGE=0 <0.5
FRQRANGE=1 <0.05
Frequency error
FRQRANGE=2 <0.005
FRQRANGE=3 <0.005
%
FRQRANGE=0 50
FRQRANGE=1 50
Duty cycle
FRQRANGE=2 50
FRQRANGE=3 50
XMEGA A1U [DATASHEET 89
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37.2 ATxmega128A1U

37.2.1 Absolute Maximum Ratings

37.2.2

Stresses beyond those listed in Table 37-35 on page 97 under 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 37-35. Absolute maximum ratings.

Parameter Condition
Vee Power supply voltage -0.3 4 \Y
lvee Current into a V¢ pin 200
mA

lenD Current out of a Gnd pin 200
Ve Pin voltage with respect to Gnd and V¢ -0.5 Vct0.5 Vv
Ioin I/0 pin sink/source current -25 25 mA
Ta Storage temperature -65 150 .

T Junction temperature 150 ¢

General Operating Ratings

The device must operate within the ratings listed in Table 37-36 in order for all other electrical characteristics and typical
characteristics of the device to be valid.

Table 37-36. General operating conditions.

Symbol Parameter Condition Min. Typ. Max. Units

Vee Power supply voltage 1.60 3.6
AVic Analog supply voltage 1.60 3.6 Y
Ta Temperature range -40 85 .
T; Junction temperature -40 105 ¢
Table 37-37. Operating voltage and frequency.
Symbol Parameter Condition Min. Typ. Max. Units
Vee = 1.6V 0 12
Vee = 1.8V 0 12
Clkcpy CPU clock frequency MHz
Voo =2.7V 0 32
Ve = 3.6V 0 32

The maximum CPU clock frequency depends on V.. As shown in Figure 37-8 the Frequency vs. V curve is linear
between 1.8V <V <2.7V.
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37.2.6 ADC characteristics

Table 37-42. Power supply, reference and input range.

Parameter Condition
AVic Analog supply voltage Vee- 0.3 Vet 0.3 v
VRer Reference voltage 1 AVc- 0.6
Rin Input resistance Switched 5.0 kQ
Ci, Input capacitance Switched 5.0 pF
RaRer Reference input resistance (leakage only) >10 MQ
CaRer Reference input capacitance  Static load 7 pF
Vin Input range -0.1 AV(+0.1
Conversion range Differential mode, Vinp - Vinn -VRrer VRer \Y
VN Conversion range Single ended unsigned mode, Vinp -AV Vrep-AV
AV Fixed offset voltage 190 LSB

Table 37-43. Clock and timing.

Symbol Parameter Condition
;\/Iammum is 1/4 of peripheral clock 100 2000
Clkapc  ADC Clock frequency requency kHz
Measuring internal signals 100 125
Current limitation (CURRLIMIT) off 100 2000
CURRLIMIT = LOW 100 1500
fanc Sample rate ksps
CURRLIMIT = MEDIUM 100 1000
CURRLIMIT = HIGH 100 500
Sampling time 1/2 Clkppc cycle 0.25 5 us
s (RES+2)/2+(GAIN !=0) Clkapc
eRiei el leteney) RES (Resolution) = 8 or 12 5 2 cycles
Start-up time ADC clock cycles 12 24
cycles
After changing reference or input mode 7 7
ADC settling time C”‘?Dc
After ADC flush 1 1 cycles
XMEGA A1U [DATASHEET 103
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37.2.15 SPI Characteristics

Figure 37-12.SPI timing requirements in master mode.
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Figure 37-13.SPI timing requirements in slave mode.

_ /
SS
N\
—tsss— tsokr— [*— tsckr '*tss
*lssH
sCK / \ V/
(cPOL=0) — | 7 | I
— T\ \ %tsscj A E—
SCK
(CPOL=1) XR / . X
SSCKW ™
I tssck
MOSI
(Data Input) LSB L
tsosss —| tsos —| ,\l tsossH ]
MISO
(Data Output) MSB \ >< LsB
XMEGA A1U [DATASHEET] 115
Atmel

Atmel-8385I-AVR-ATxmega64A1U-128A1U-Datasheet-09/2014



Table 37-65. SPI timing characteristics and requirements.

Parameter Condition
e SCK period Master X(l\jgglazll(j i/ra-:uigl )
tsckw SCK high/low width Master 0.5*SCK
tsckr SCKrise time Master 2.7
tscke SCK fall time Master 2.7
twis MISO setup to SCK Master 11
tvin MISO hold after SCK Master 0
tvos MOSI setup SCK Master 0.5*SCK
MOSI hold after SCK Master 1
tmoH .
SCK to out high Master 1
tssck Slave SCK period Slave 4*toipeR
tssckw | SCK high/low width Slave 2*teuper ns
tssckr |~ SCKrise time Slave 1600
tsscke | SCKfall time Slave 1600
tsis MOSI setup to SCK Slave 3
tsim MOSI hold after SCK Slave tsck
tsss SS setup to SCK Slave 20
tssy  SS hold after SCK Slave 20
tsos MISO setup SCK Slave 8
tson MISO hold after SCK Slave 13
tsoss MISO setup after SS low Slave 1
tsosh MISO hold after SS high Slave 8

Atmel
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Figure 38-5. Active mode supply current vs. V.

fsys = 2MHz internal oscillator.
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Figure 38-6. Active mode supply current vs. V.

fsys = 32MHz internal oscillator prescaled to 8VIHz.
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Figure 38-77. 32MHz internal oscillator CALA calibration step size.

|||||||||||||||||||||||||||||||||||||| T
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 -l 1 1
1 1 1 1 1 1 — 1
1 1 1 | ——— |
1 1 1 1 1 _— ——
bbb =——— e L
h 1 1 =
1 1 1 1 o 1 1
1 1 1 1 1 1 Ce 1 1
1 I I I ——— 1 1
1 1 1 1 1 1 = ——— 1
1 1 1 1 1 1 —t 1
1 1 1 1 = |
I ! | ] E S ———_——— ! ]
|t el e —
1 1 1 1 —_— 1
1 1 1 1 1 1 T 1
1 1 1 1 1 | = 1 1
1 1 1 ——= 1 1
1 1 1 1 — 1
1 1 1 1 1 ————— T 1
] ] 1 T ——— 1 ]
R p—— G
1 1 1 1 1 e — 1
! ! ! —— !
1 1 1 1 ——— | 1 1
1 1 1 1 | - 1
1 1 1 — T 1
1 1 1 1 1 —— 1 1
1 1 1 1 e 1 1
1 | | — ] |
|t et e Bt o e e B Il o
1 1 1 1 [ — I 1 1
1 1 1 —— 1
1 1 1 1 | — 1 1
1 1 1 1 ——= S | 1 1
1 1 1 = — 1
1 1 1 1 ——— | 1 1
1 1 1 1 1 —— = 1 1
S R v~~~ R (R R
I I I | T ———— I I
1 1 1 1 — ——— 1 1
1 1 | —_— 1
1 1 —— ] 1 1
1 1 1 1 e | 1 1
1 1 —— 1
1 1 1 1 — > —— 1 1 1
1 1 1 | e | 1
|||||||||||| —_——
1 1 1 1 1 - ——— 1 1 1
1 1 1 1 —— 1 1 1
1 1 1 1 | = 1 1
1 1 1 1 —_— 1 1
! 1 1 ————— T 1 1
1 1 1 —_— 1 1
1 1 1 —_—— 1 1
IR SR R e |
] ] ] | ——— ] 1 ]
1 1 1 1 —— 1 1 1
1 1 1 | —— 1 1 1
I I — | 1 1
1 | ] ——— 1 1 1
1 T —— 1 1 1 1
1 1 1 | —— 3| 1 1 1
1 1 1 | —_— 1 | 1
et =s— [ et bl o
— | ] ] ]
1 1 1 — 1 1 1
1 1  _—— 1 1 1 1
1 1 1 S—— 1 1 1
1 1 1 — = | 1 1 1 1
1 1 I e —— 1 1 1 1
1 1 | e —— 1 1 1
1 ! ! ! !
r T T T T T T T
O O © T N ©O o © < N o
MW N N N N N v~ v~ ~ ~— <
o o o o o o o o o o o

[%%] @zIs deig Aouanbaiy

30 45 60 75 90 105 120 135

15

CALA

Figure 38-78. 32MHz internal oscillator frequency vs. CALB calibration value.

Ve = 3.0V, DFLL disabled.
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38.2 ATxmegai128A1U

38.2.1 Current consumption

38.2.1.1 Active mode supply current

Figure 38-83. Active supply current vs. frequency.
fsys = 0 - 1MHz external clock, T = 25°C.
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Figure 38-84. Active supply current vs. frequency.
fsys = 1 - 32MHz external clock, T = 25°C.
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Figure 38-91.Idle mode supply current vs. frequency.
fsys = 1 - 32MHz external clock, T = 25°C.
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Figure 38-92.Idle mode supply current vs. V.
fsys = 32.768kHz internal oscillator.
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Figure 38-111.1/0 pin output voltage vs. sink current.
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Figure 38-112.1/0 pin output voltage vs. sink current.
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Figure 38-115.1/0 pin input threshold voltage vs. V.

V). I/O pin read as “0”.
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Figure 38-116.1/0 pin input hysteresis vs. Vc.
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