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7.8 Memory Timing

Read and write access to the I1/0O memory takes one CPU clock cycle. A write to SRAM takes one cycle, and a read from
SRAM takes two cycles. EEPROM page load (write) takes one cycle, and three cycles are required for read. For burst
read, new data are available every second cycle. Refer to the instruction summary for more details on instructions and
instruction timing.

7.9 Device ID and Revision

Each device has a three-byte device ID. This ID identifies Atmel as the manufacturer of the device and the device type. A
separate register contains the revision number of the device.

7.10 1/0 Memory Protection

Some features in the device are regarded as critical for safety in some applications. Due to this, it is possible to lock the
I/O register related to the clock system, the event system, and the advanced waveform extensions. As long as the lock is
enabled, all related 1/O registers are locked and they can not be written from the application software. The lock registers
themselves are protected by the configuration change protection mechanism.

7.11 Flash and EEPROM Page Size

The flash program memory and EEPROM data memory are organized in pages. The pages are word accessible for the
flash and byte accessible for the EEPROM.

Table 7-2 on page 16 shows the Flash Program Memory organization and Program Counter (PC) size. Flash write and
erase operations are performed on one page at a time, while reading the Flash is done one byte at a time. For Flash
access the Z-pointer (Z[m:n]) is used for addressing. The most significant bits in the address (FPAGE) give the page
number and the least significant address bits (FWORD) give the word in the page.

Table 7-2. Number of Words and Pages in the Flash

Devices PC size Flash size Page size FWORD FPAGE Application

bits bytes words Size No. of pages Size No. of pages
ATxmega32C3 16 32K + 4K 128 Z[7:1] Z[16:8] 32K 128 4K 16
ATxmega64C3 16 64K + 4K 128 Z[7:1] Z[16:8] 64K 256 4K 16
ATxmega128C3 17 128K + 8K 256 Z[8:1] Z[17:9] 128K 256 8K 16
ATxmega192C3 17 192K + 8K 256 Z[8:1] Z[17:9] 192K 384 8K 16
ATxmega256C3 18 256K + 8K 256 Z[8:1] Z[18:9] 256K 512 8K 16

Table 7-3 on page 17 shows EEPROM memory organization. EEEPROM write and erase operations can be performed
one page or one byte at a time, while reading the EEPROM is done one byte at a time. For EEPROM access the NVM
address register (ADDR[m:n]) is used for addressing. The most significant bits in the address (E2PAGE) give the page
number and the least significant address bits (E2BYTE) give the byte in the page.
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Multipacket transfer enables a data payload exceeding the maximum packet size of an endpoint to be transferred as
multiple packets without software intervention. This reduces the CPU intervention and the interrupts needed for USB
transfers.

For low-power operation, the USB module can put the microcontroller into any sleep mode when the USB bus is idle and
a suspend condition is given. Upon bus resumes, the USB module can wake up the microcontroller from any sleep
mode.

PORTD has one USB. Notation of this is USB.
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31.

Mnemonics

Instruction Set Summary

Desc

Operands

Operation

Arithmetic and Logic Instructions

Flags

ADD Rd, Rr Add without Carry Rd « Rd+Rr Z,CNN,\V,S,H 1
ADC Rd, Rr Add with Carry Rd « Rd+Rr+C ZCN\V,SH 1
ADIW Rd, K Add Immediate to Word Rd <« Rd+1:Rd+K Z,CN,\V,S 2
SUB Rd, Rr Subtract without Carry Rd <« Rd - Rr Z,CN,V,SH 1
SUBI Rd, K Subtract Immediate Rd <« Rd - K Z,CN,V,S,H 1
SBC Rd, Rr Subtract with Carry Rd <« Rd-Rr-C Z,CN,V,SH 1
SBCI Rd, K Subtract Immediate with Carry Rd <« Rd-K-C Z,CN,\V,S,H 1
SBIW Rd, K Subtract Immediate from Word Rd+1:Rd <« Rd+1:Rd-K ZCN\V,S 2
AND Rd, Rr Logical AND Rd « RdeRr ZN,\V,S 1
ANDI Rd, K Logical AND with Immediate Rd <« RdeK ZN\V,S 1
OR Rd, Rr Logical OR Rd <« Rd v Rr ZN,\V,S 1
ORI Rd, K Logical OR with Immediate Rd <« Rdv K ZN\V,S 1
EOR Rd, Rr Exclusive OR Rd <« Rd®Rr ZNV,S 1
COM Rd One’s Complement Rd <« $FF-Rd ZCN\V,S 1
NEG Rd Two’s Complement Rd < $00-Rd Z,CN,V,SH 1
SBR Rd,K Set Bit(s) in Register Rd <« Rdv K ZN,\V,S 1
CBR Rd,K Clear Bit(s) in Register Rd « Rde ($FFh-K) ZN,\V,S 1
INC Rd Increment Rd <« Rd + 1 ZN\V,S 1
DEC Rd Decrement Rd <« Rd-1 ZNV,S 1
TST Rd Test for Zero or Minus Rd « RdeRd ZN,\V,S 1
CLR Rd Clear Register Rd « Rd®Rd ZN,\V,S 1
SER Rd Set Register Rd « $FF None 1
MUL Rd,Rr Multiply Unsigned R1:R0  « RdxRr(UU) Z.C 2
MULS Rd,Rr Multiply Signed R1:RO « RdxRr(SS) zZ,C 2
MULSU Rd,Rr Multiply Signed with Unsigned R1:R0  « RdxRr(SU) Z,C 2
FMUL Rd,Rr Fractional Multiply Unsigned R1:R0  « RdxRr<<1(UU) Z,.C 2
FMULS Rd,Rr Fractional Multiply Signed R1:R0 « RdxRr<<1(SS) Z,C 2
FMULSU Rd,Rr Fractional Multiply Signed with Unsigned R1:R0 « RdxRr<<1(SU) zC 2
oK osacanen SR ¢
Branch instructions
RJMP k Relative Jump PC <« PC+k+1 None 2
IJMP Indirect Jump to (2) PZ((:Z(li:g; < g' None 2
EIJMP Extended Indirect Jump to (Z) PZ?SS‘IE; : E’IND None 2
JMP k Jump PC <« k None 3|

Atmel
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Mnemonics

Operation

RCALL k Relative Call Subroutine PC « PC+k+1 None 2/3
ICALL Indirect Call to (Z) PZ(;Z(ﬁg; : g None 2/3
EICALL Extended Indirect Call to (Z) PZ?2(15123 i E’IND None 3
CALL k call Subroutine PC <« k None 3/4
RET Subroutine Return PC <« STACK None 4/5
RETI Interrupt Return PC « STACK | 4/5
CPSE Rd,Rr Compare, Skip if Equal if(RA=Rr)PC  « PC+20r3 None 1/21/3
CP Rd,Rr Compare Rd - Rr Z,CN,V,SH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z,CN,V,S,H 1
CPI Rd,K Compare with Immediate Rd - K Z,CNN,V,SH 1
SBRC Rr, b Skip if Bit in Register Cleared if(Rr(lb)=0)PC « PC+20r3 None 1/2/3
SBRS Rr, b Skip if Bit in Register Set if (Rr(b)=1)PC  « PC+2o0r3 None 1/2/3
SBIC A'b Skip if Bit in 1/0 Register Cleared if /O(Ab)=0)PC « PC+2o0r3 None 2/3/4
SBIS Ab Skip if Bit in 1/0 Register Set If I/1O(Ab)=1)PC « PC+20r3 None 2/3/4
BRBS s, k Branch if Status Flag Set if SREG(s)=1)thenPC « PC+k+1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) =0)thenPC <« PC+k+1 None 1/2
BREQ k Branch if Equal if(Z=1)thenPC <« PC+k+1 None 1/2
BRNE k Branch if Not Equal if(Z=0)thenPC <« PC+k+1 None 1/2
BRCS k Branch if Carry Set if(C=1)thenPC <« PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if(C=0)thenPC <« PC+k+1 None 1/2
BRSH k Branch if Same or Higher if(C=0)thenPC <« PC+k+1 None 1/2
BRLO k Branch if Lower if(C=1)thenPC « PC+k+1 None 1/2
BRMI k Branch if Minus if(N=1)thenPC « PC+k+1 None 1/2
BRPL k Branch if Plus if(N=0)thenPC « PC+k+1 None 1/2
BRGE k Branch if Greater or Equal, Signed if(N®V=0)thenPC <« PC+k+1 None 1/2
BRLT k Branch if Less Than, Signed if(N®V=1)thenPC <« PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)thenPC <« PC+k+1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if(H=0)thenPC <« PC+k+1 None 172
BRTS k Branch if T Flag Set if(T=1)thenPC <« PC+k+1 None 1/2
BRTC k Branch if T Flag Cleared if(T=0)thenPC « PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if(V=1)thenPC <« PC+k+1 None 1/2
BRVC k Branch if Overflow Flag is Cleared ifV=0)thenPC <« PC+k+1 None 1/2
BRIE k Branch if Interrupt Enabled if(1=1)thenPC <« PC+k+1 None 1/2
BRID k Branch if Interrupt Disabled if (1=0)thenPC <« PC+k+1 None 172
Data transfer instructions
MOV Rd, Rr Copy Register Rd <« Rr None 1
XMEGA C3 [DATASHEET] 59
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Parameter Condition

Parasitic capacitance
Cxas XTAL1 pin e

Parasitic capacitance
Cxtaz XTAL2 pin e PF

Parasitic capacitance
ClLoap load 3.5

Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

33.1.13.8 External 32.768kHz Crystal Oscillator and TOSC Characteristics

Table 33-27. External 32.768kHz Crystal Oscillator and TOSC Characteristics

Symbol @ Parameter Condition
Crystal load capacitance 6.5pF 60
Recommended crystal
ESR/R1  equivalent series Crystal load capacitance 9.0pF 35 kQ
resistance (ESR) )
Crystal load capacitance 12pF 28
Parasitic capacitance
Crosct  TOSC1 pin B
pF
c Parasitic capacitance 35
TOSC2 TOSC2 pin :
fIR;itcg:nmended izl capacitance load matched to crystal specification 3
Note: See Figure 33-4 for definition.

Figure 33-4. TOSC Input Capacitance

||C|_1 l CL2||

TOSC1 Device internal TOSC?2

External

——

32.768 kHz crystal

The parasitic capacitance between the TOSC pinsis C 4 + C,, in series as seen from the crystal when oscillating without
external capacitors.
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Table 33-40. Gain Stage Characteristics

Symbol Parameter Condition
Rin Input resistance Switched in normal mode 4.0 kQ
Coample Input capacitance Switched in normal mode 4.4 pF
Signal range Gain stage output 0 AVcc- 0.6 \%
. . Clkapc
Propagation delay ADC conversion rate 1/2 1 3
cycles
Clock frequency Same as ADC 100 1800 kHz
0.5x gain, normal mode -1
1x gain, normal mode -1
Gain error %
8x gain, normal mode -1
64x gain, normal mode 5
0.5x gain, normal mode 10
Offset error, input 1x gain, normal mode 5 v
referred 8x gain, normal mode -20
64x gain, normal mode -126

33.2.7 Analog Comparator Characteristics

Table 33-41. Analog Comparator Characteristics

Symbol Parameter Condition
Vit Input offset voltage 10 mV
I Input leakage current <10 50 nA
Input voltage range -0.1 AV \Y
AC startup time 50 us
Viyst Hysteresis, none Vee =1.6V-3.6V 0
Viys2 Hysteresis, small Vee =1.6V -3.6V 15 mV
Viyss Hysteresis, large Vg = 1.6V - 3.6V 30
Ve = 3.0V, T= 85°C 20 40
taelay Propagation delay ns
Ve = 3.0V 17
64-level voltage scaler  Integral non-linearity (INL) 0.3 0.5 Isb
Current source
accuracy after 5 %
calibration
Current source .
o Single mode 4 6 pA
calibration range
XMEGA C3 [DATASHEET 92
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Table 33-57. SPI Timing Characteristics and Requirements

Parameter Condition

(See Table 20-3 in

tsck SCK period Master XMEGA C Manual)

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 10

tvin MISO hold after SCK Master 10

tvos MOSI setup SCK Master 0.5*SCK

tmon MOSI hold after SCK Master 1

tssck Slave SCK period Slave 4*t Clkpgr
tssckw | SCK high/low width Slave 2*t Clkpgr e
tssckr | SCKrise time Slave 1600
tssckr ~ SCKfall time Slave 1600

tsis MOSI setup to SCK Slave 3

tsin MOSI hold after SCK Slave t Clkpgr

tsss  SS setup to SCK Slave 21

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

tsosy  MISO hold after SS high Slave 8

33.2.15 Two-Wire Interface Characteristics

Table 33-58 describes the requirements for devices connected to the Two-Wire Interface Bus. The Atmel AVR XMEGA
Two-Wire Interface meets or exceeds these requirements under the noted conditions. Timing symbols refer to Figure 33-
14.

Figure 33-14.Two-wire Interface Bus Timing

t

SCL

SDA /

tsu:sTo
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33.4.3 Current Consumption

Table 33-91. Current Consumption for Active Mode and Sleep Mode

Atmel

Parameter Condition Typ. Max. | Units
Vee = 1.8V 60
32kHz, Ext. Clk
Vee = 3.0V 140
Ve = 1.8V 245 HA
: 1MHz, Ext. Clk
Active povyerm Vg = 3.0V 550
consumption
Ve = 1.8V 440 700
2MHz, Ext. Clk
0.9 1.5
Ve = 3.0V mA
32MHz, Ext. Clk 9.0 15
Vee = 1.8V 3.0
32kHz, Ext. Clk
Ve = 3.0V 35
Ve = 1.8V 55
Idle power 1MHz, Ext. Clk Ve =30V o pA
consumption® cc=3.
Ve = 1.8V 105 350
2MHz, Ext. Clk
215 650
Ve = 3.0V
32MHz, Ext. Clk 34 8.0 mA
T=25°C 0.1 1.0
T=85°C Vee = 3.0V 3.5 6.0
T =105°C 10.0 15
Power-down power WDT and sampled BOD enabled, 15 20
consumption T=25°C . .
WDT and sampled BOD enabled, _
T=85C Ve = 3.0V 5.8 10
WDT and sampled BOD enabled, 12 20
T=105°C
MA
RTC from ULP clock, WDT and Vg = 1.8V 1.3
sampled BOD enabled, T = 25°C Vg = 3.0V 14
Power-save power RTC from 1.024kHz low power Vec = 1.8V 0.7 2.0
consumption®) 32.768kHz TOSC, T = 25°C Vg = 3.0V 08 20
RTC from low power 32.768kHz ~ Vec = 1.8V 0.9 3.0
TOSC, T=25°C Vee = 3.0V 1.1 3.0
Reset power consumption Current through RESET pin Vee = 3.0V 170

substracted

All Power Reduction Registers set including FPRM and EPRM.
All Power Reduction Registers set without FPRM and EPRM.
Maximum limits are based on characterization, and not tested in production.

XMEGA C3 [DATASHEET]

Atmel-8492G-AVR-ATxmega32C3-64C3-128C3-192C3-256C3-Datasheet-AVR-11/2014

124




166

ppoe 2 2 oo
Nco o WL
<5 = ¥ oo
«©
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
1 1 1 1 1 1 1 1 1 1 1
NN A
_ e e st e S B S : SN R S S
1 1 1 i i i i @ O\ [ R T R R
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
“ bbb A A
TR . S N ST M S —— - i i i P
1 1 1 1 1 1 1 1 o« g h [N T S R
1 1 1 1 1 1 1 1 i i i 1 i
P T R T S B i i i P
NN _ N
o 1 1 1 1 1
S S N \ s ws S S S (= : o
1 1 1 0 1 1 1 1 1 1 1 1 1 I 1
o 0N\ NN T
Pl P P P
N 1 1 1 1 1 1
O B A\ B A e A O\
S 1 1 1 1 4 1 1 1 i i i i i i
e A T T S \\\ (AR R i — N U
(o]
= I R R B P i © = i i i i i P
k] IR SR F— . o demedeeobeen f o 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 1 N S 1 1 1 1 1 1 1
=~ 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 I > 1 1 1 1 1 I 1 1
Qo 1 1 1 1 1 1 1 i I NP U S M W PR MY S——
O » 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
> ¢ O T “ L= I P
- Q B | === r===r T === faV] 1 1 1 1 I 1 1
74
> 5 S m m 5 A o
-t N~ Ct
£ 3 I R \\ } “ 88 |[-dA-t-rtommdt f---1
o = 1 1 1 1 i i 1 i o~ > = 1 1 1 1 1 1
= O IEEE R P T e R A R R T P - H o 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 N L 1 1 1 1 1 1 1
3 o 1 1 1 1 1 1 1 i n 1 1 1 1 1 1
O 1 1 1 1 1 1 1 I > O 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 = o 1 1 1 1 1 1 1
2> C 1 1 1 1 1 1 1 1 o c c e e e e ———p
R o e o S S s S 5 o
Q. ..m 1 1 1 1 1 1 1 1 N = 1 1 1 1 1 1
s S 1 1 1 1 1 1 1 i 3 £ 1 1 1 1 1 1
N N T A i O N i i i i i i
I 1 1 1 1 1 1 1 i I 1 1 1 1 1 1
[} 1 1 1 1 1 1 1 1 o [«}] IR SRS SN SRR NP S
T = it it (ebtnls Eabeld bbbl shbll slatuly o === - T = 1 1 1 1 1 1
S § A \\ VA ° N A N
= 1 1 1 1 I I I I I | = “ 1 1 1 1 I I
s " A o " N A N
- ¢ QL o
5 ﬁv\.. I I S S U U N © > ﬂw H H H H H H
-— -— -—
n(.m o O O O O O O O O o o o 4"
< S BIISI IS S8 REB < I T e B S B B B
< - - =~ ~ ~ ~ - < < S+ O MmN MmN N
(22} (3]
° [wri] 09| ° [vw] 09|
— —
= >
(=2} (=2}
ic i

3.4 3.5 3.6

3.3

3.2

3.1

3.0

2.9

2.8

2.7

Ve [V]

XMEGA C3 [DATASHEET]

Atmel-8492G-AVR-ATxmega32C3-64C3-128C3-192C3-256C3-Datasheet-AVR-11/2014

Atmel



Figure 34-53. Reset Pin Input Threshold Voltage vs. V¢

V\y - Reset pin read as “1”
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34.1.8 Oscillator Characteristics

34.1.8.1 Ultra Low-Power Internal Oscillator

Figure 34-54. Ultra Low-Power Internal Oscillator Frequency vs. Temperature
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Figure 34-58. 2MHz Internal Oscillator Frequency vs. Temperature

34.1.8.3 2MHz Internal Oscillator
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Figure 34-100. I/O Pin Input Threshold Voltage vs. V¢

V). I/O pin read as “0”
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Figure 34-101. I/O Pin Input Hysteresis vs. V¢
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Figure 34-108. Gain Error vs. Vggpe
T=25°, V¢ = 3.6V, ADC sample rate = 300ksps
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Figure 34-109. Gain Error vs. V¢
T = 25°C, Ve = external 1.0V, ADC sample rate = 300ksps
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Figure 34-122. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage

Ve = 3.0V
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Figure 34-123. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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34.3.2.3 Thresholds and Hysteresis

Figure 34-169. I/O Pin Input Threshold Voltage vs. V¢
V\y I/O pin read as “1”
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Figure 34-170. I/O Pin Input Threshold Voltage vs. V¢
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Figure 34-251. Gain Error vs. Temperature
Ve = 3.0V, Ve = external 2.0V
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Figure 34-252. Offset Error vs. V¢
T = 25°C, Ve = external 1.0V, ADC sample rate = 300ksps
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Figure 34-281. SDA Hold Time vs. Supply Voltage
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Figure 34-282. Maximum PDI Frequency vs. V¢
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Figure 34-321. Gain Error vs. Temperature
Ve = 3.0V, Ve = external 2.0V

Single-ended signed mode

Ll e e

z
= -6
5
5 Differentialmode
c -8
© —— ——
(U]

-10

Single-ended unsigned
mode
-12
-14

45 3% 25 15 5 5 156 25 35 45 55 65 75 8 95 105

Temperature [°C]

Figure 34-322. Offset Error vs. V¢
T = 25°C, Ve = external 1.0V, ADC sample rate = 300ksps
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Figure 34-333. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 34-334. Reset Pin Input Threshold Voltage vs. V¢
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