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Table 12.10  Settings for Flash PROM read/write

1st Cycle 2nd Cycle 3rd Cycle
Address Address AddressOperation FR_SEL Mode

Data

FR_SEL Mode

Data

FR_SEL Mode

Data

RAMemory
Normal Read

000 R
Dout

X - WAMemory
Program
/Pre-program

011 W

0x0001

011 W

0x0005

001 W

Din

- - WAMemory
Post-program

011 W
0x0001

011 W
0x0041

001 W
Din

X - -Memory
Erase

011 W
0x0002

100 W
BN

011 W
0X000A

- - RAProgram/Pre-
program
verify

101 W

0x0001

011 W

0X0010

001 W

-

- - RAErase Verify
read

101 W
0x0000

011 W
0x0020

001 W
-

*RA: Read Address  WA: Write address  Dout: Read data   Din: Program data
-: don’t care         R: Read           W: Write           BN: Erase Block Number(see Table 12.6)
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12.7.4  Timing Diagram and AC/DC Characteristics

This timing diagram follows the sequence that is shown on Table 12.11.

Figure 12.9  Timing Diagram of Read
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Figure 12.10  Timing Diagram of Pre-Program/Program

Figure 12.10  Erase Time Diagram
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Figure 12.12  Timing Diagram of Pre-Program/Program Verify

Figure 12.13  Timing Diagram of Erase Verify
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Table 12.11  DC Characteristics
(VDD = 3.3V±10%, Vss = 0V, FTVPPD = 5V±10%, Ta = 25°C ±10%)

Item Symbol Min Typ Max Unit Test
Condition

Input high voltage Vih 0.7x VDD --- VDD +0.5 V
Input low voltage Vil -0.5 --- 0.3x VDD V

Output high voltage Voh 2.4 --- --- V Ioh=0.8mA
Output low voltage Vol --- --- 0.4 V Iol=0.8mA

Reading Idd --- 20 40 mA
Programming Idd --- 40 80 mA

Vcc
current

Erasing Idd --- 25 50 mA
FXTVPPD
Current Programming lppd --- 10 20 mA

Table 12.12  AC Characteristics
(VDD = 3.3V±10%, Vss = 0V, FXTVPPD = 5V±10%, Ta = 25°C ±10% )

Item Symbol Min Typ Max Unit

CEB output delay time TCEB --- 70 90 ns
OEB output delay time TOEB --- 5 10 ns
Output disable delay time TOEBH 1 2 --- ns
R_SEL output delay time TR_SEL --- 1 2 ns
Access time TACC --- 70 90 ns
Reset Pulse Width Trst 300 500 --- us
Power up time Tpup 8 10 --- us
Discharge time(Program,Verify)
Discharge time(Erase)

Tpdw 1
10

10
20

--- us
us

Program time Tpgm 30 30 --- us
CEB Setup time Tces 100 200 --- us
WEB Pulse Width Twep 100 200 --- ns
WEB rise time Tr --- 20 30 ns
WEB fall time Tf --- 20 30 ns
Data Setup time Tds 50 150 --- ns
Data Hold time Tdh 50 80 --- ns
Erase time Tera 1 2 2 ms
Verify Setup time Tvfy 8 10 --- us
Verify data out time Tdout 2 2 --- us
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13.1 Overview

The AX07CF192 has a 10-bit successive-approximation A/D converter with five analog
input channels. The input channels are multiplexed into the converter. The serial output is
configured to interface with standard shift registers. The differential analog voltage input
allows for common-mode rejection or offset of the analog zero input voltage value. The
voltage reference input can be adjusted to effectively scale the input voltage span while
retaining the full 10bits of resolution.

13.1.1 Features
A/D converter features are listed below.

l 10-bit resolution
l 5 input channels
l Selectable analog conversion voltage range:

The analog voltage conversion range can be programmed by input of an analog
reference voltage at the VREF pin.
High-speed conversion: minimum 2us per channel (with 8MHz ADC clock)

l Analog input range: GND to AVREF
l Five 10-bit data registers
l A/D conversion results are transferred for storage into data registers

corresponding to the channels.
l Sample-and-hold function
l A/D interrupt requested at end of conversion:

At the end of A/D conversions, an A/D End Interrupt (ADI) can be requested.

Figure 13.1  Block Diagram of A/D Converter
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13.1.2 Pin Configuration

Table 13.1 summarizes the A/D converter’s input pins. AVDD and AVSS are the power supply
for the analog circuits in the A/D converter. VREF is the A/D conversion reference voltage.

Table 13.1  A/D Converter Pins
Pin Name I/O Function

AVDD Input Analog power supply
AVSS Input Analog ground
AVREF Input Analog reference voltage
AN0 Input Analog input channel 0
AN1 Input Analog input channel 1
AN2 Input Analog input channel 2
AN3 Input Analog input channel 3
AN4 Input Analog input channel 4
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13.2 A/D Converter Registers

The registers used to control the A/D converter when enabled are shown in Table 13.2. The
base address of the A/D converter is 0x0900_1700.

Table 13.2  Summarizes the A/D converter’s registers.

Reg.Name I/O
Offset R/W Name Initial Value

ADCSR 0x1700 R/W Control & Status Register 0x00
ADCCR 0x1704 R/W Control Register 0x1
ADDR0 0x1708 R Data Register 0 0x0000
ADDR1 0x170C R Data Register 1 0x0000
ADDR2 0x1710 R Data Register 2 0x0000
ADDR3 0x1714 R Data Register 3 0x0000
ADDR4 0x1718 R Data Register 4 0x0000

13.2.1 Register Descriptions

ADCSR AD Control & Status Register (0x0900_1700 R/W)

Bit b7 b6 b5 b4 b3 b2 b1 b0

ADCSR ADF ADST ADIE ACKS ACHS

Init. Val. 0 0 0 0 0 0 0 0

RD/WR R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value: 0x00

ACHS Channel select (Select the analog input channel)
000 : Analog input channel 0
001 : Analog input channel 1
010 : Analog input channel 2
011 : Analog input channel 3
100 : Analog input channel 4

ACKS Clock select (Select the A/D conversion time)
00 : 1/8 times the ADC input clock (ADCLK)
01 : 1/4 times the ADC input clock (ADCLK)
10 : 1/2 times the ADC input clock (ADCLK)
11 : ADC input clock is from the timer block

ADIE A/D interrupt enable (Enables and disables A/D
conversion)
0 : A/D end interrupt request (INT_ADC) is disabled.
1 : A/D end interrupt request (INT_ADC) is enabled.

ADST A/D start (Starts or stops A/D conversion)
0 : A/D conversion is stopped
1 : A/D conversion start; ADST is automatically

cleared to 0 when conversion ends.
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ADF A/D end flag (Indicates end of A/D conversion)
0 : [Clearing condition] Read when ADF=1,

then write 0 in ADF.
1 : [Setting condition] Automatically set when

conversion end

ADCSR is the control and status register for the A/D converter. ACH[2:0] is used for
selection of the analog input channel. CKS[1:0] is used for selection of the A/D converter
input clock. When these signals are ‘00’, the main clock for the A/D converter is 1/8 times
the input clock (ADCLK), which is the same as the system operation clock.. When these
signals are ‘01’, then the main clock for the A/D converter is 1/4 ADCLK. When these
signals are ‘10’, then the main clock for the A/D converter is 1/2 ADCLK. When these
signals are ‘11’, then the main clock for the A/D converter is the external clock from the
Timer block. The ADIE bit is the interrupt enable control signal. When this signal is ‘0’, the
A/D converter does not generate an interrupt at the end of an A/D conversion. When this
signal is ‘1’, the A/D converter generates an end of conversion interrupt. The ADST bit
indicates the start of A/D conversion. When this signal is ‘1’, the A/D converter starts an A/D
conversion and the bit remains high during the conversion. ADF indicates the end of
conversion. When this bit is ‘1’, the A/D converter indicates the conversion is complete. This
signal is auto-cleared by reading this bit.

ADCCR AD Control Register (0X0900_1704 R/W)

Bit b15-b2 b1 b0

ADCCR Reserved CALEND AIOSTOP

Init. Val. 0 1

RD/WR R R/W
Initial value: 0x01 bit field: I0-I1

CALEND  Calibration end (Indicates end of calibration  time)
0 : Indicates calibration incomplete.
1 : Indicates the end of calibration.

AIOSTOP  Power save mode
0 : A/D converter is in normal operation mode
1 : A/D converter is in power save mode, not operating

CALEND indicates the end of calibration time (Tcal). This signal is read only. AIOSTOP is
used to set the power save mode of the A/D converter. When this signal is ‘0’, the A/D
converter will entering normal operation mode after the calibration time, or power up time.
See Figure 13.2 A/D converter operation for detailed timing diagram.
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ADDR0~4 A/D Data Register 0 to 4 (0x0900_1708 ~ 0x0900_1718 R)

Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 B2 b1 b0

AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD1 AD0 Rev Rev Rev Rev Rev Rev

Init. Val. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RD/WR R R R R R R R R R R R R R R R R
Initial value: 0x0000 bit field: I6-I15

AD[9:0] A/D conversion data (10-bit giving an A/D
conversion result)

Rev Reserved bit
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13.3 Operation

The A/D converter operates by successive approximation with 10-bit resolution. Figure 13.2
show the operation of A/D converter.
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Figure 13.2  A/D converter Operation
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13.4 Interrupts

The A/D converter generates an interrupt (INT_ADC) at the end of A/D conversion. The
INT_ADC interrupt request can be enabled or disabled by the ADIE bit in ADCSR.

13.5 Usage Notes

When using the A/D converter, note the following points:

1. Analog Input Voltage Range: During A/D conversion, the voltages input to the
analog input pins ANn should be in the range AVss ≤  ANn ≤  VREF.

2. Relationships of AVCC and AVSS to VCC and VSS: AVCC, AVSS,  VCC, and VSS should be
related as follows: AVSS =  VSS. AVCC and AVSS must not be left open, even if the A/D
converter is not used.

3. VREF Programming Range: The reference voltage input at the VREF pin should be in the
range VREF ≤ AVCC.

Note on Board Design: In board layout, separate the digital circuits from the analog circuits
as much as possible. Particularly avoid layouts in which the signal lines of digital circuits
cross or closely approach the signal lines of analog circuits. Induction and other effects may
cause the analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D
conversion. The analog input signals (AN0 to AN4), analog reference voltage (VREF), and
analog supply voltage (AVCC) must be separated from the digital circuitry by the analog
ground (AVSS). The analog ground (AV SS) should be connected to a stable digital ground
(VSS) at one point on the board.

Note on Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (AN0 to AN4) and analog reference voltage pin (VREF), connect a protection circuit
like the one in Figure 13.3 between AVCC and AVSS. The bypass capacitors connected to
AVCC and VREF and the filter capacitors connected to AN0 to AN4 must be connected to
AVSS.

4. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the AX07CF192 is
defined as follows:

• Resolution:    Digital output code length of A/D converter

• Offset error: Deviation from ideal A/D conversion characteristic of analog input
voltage required to raise digital output from minimum voltage value
0000000000 to 0000000001 (figure 13.4)

• Full-scale error: Deviation from ideal A.D conversion characteristic of analog input
voltage required to raise digital output from 1111111110 to
1111111111 (figure 13.4)

• Quantization error:  Intrinsic error of the A/D converter;1/2 LSB (figure 13.5)

• Nonlinearity error:   Deviation from ideal A/D conversion characteristic in range from
zero volts to full scale, exclusive of offset error, full-scale error, and
quantization error.

• Absolute accuracy:  Deviation of digital value from analog input value, including  offset
error, full-scale error, quantization error, and nonlinearity error.
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Figure 13.3  Example of Analog Input Circuit

                                  Figure 13.4  A/D Converter Accuracy Definitions (1)
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Figure 13.5  A/D Converter Accuracy Definitions (2)

7. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with
ground, so if there is noise on the ground line, it may degrade absolute accuracy. The
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13.6 Example

AREA ADDONE, CODE, READONLY
ENTRY

ldr r0, =ADC_base ; Make AOPSTOP to LOW to release power down mode,
add r0, r0, #ADCCR ; then set normal operation mode.
mov r1, #0
str r1, [r0]

loop ; Check whether CALEND is set to 1 or not.
ldr r2, [r0] ; (Check it’s in the range of calibration time)
cmp r2, #2
bne loop

ldr r0, =ADC_base ; Set the control bit in ADCSR register
add r0, r0, #ADCSR ; AD conversion start, CKS=1/8 ADCLK, ACH=0ch
mov r1, #0x40 ;(set ADST, CKS=0, ACH=0)
str r1, [r0]

loop_adf ;check ADF (AD conversion END)
adr r2, [r0]
and r2, r2, #0x80
cmp r2, #0x80
bne loop_adf
ldr r1, [r0]
and r1, r1, #0x7f ; Clear ADF to 0
str r1, [r0]

ldr r0, =ADC_base ;read ADDR0 register  into R1 register
add r0, r0, #ADDR0
ldr r1, [r0]

END
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Chapter 14
Electrical Characteristics
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14.1 Absolute Maximum Ratings

Table 14.1 lists the absolute maximum ratings(Note1 and 2).

Table 14.1  Absolute Maximum Ratings

Item Symbol Value
Power supply voltage VDD -0.5V to 4.6V
DC Input Voltage (except I/O pins) VIN -0.5V to 6.0V
DC Output Voltage (Output in high or low state) VOUT -0.5V to VDD+0.5V
DC Output Voltage (Output in 3-state) VOUT -0.5V to +6.0V
Reference Voltage VREF -0.3V to AVDD+0.3
Analog Power supply voltage AVCC -0.3V to 3.6V
Analog Input Voltage VAN -0.3V to AVDD+0.3
Storage Temperature range TS -65 to +150°C

Note1: Absolute maximum continuous ratings are those values which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may
adversely affect device reliability. Functional operation under absolute-maximum-
rated conditions is not implied.

Note2: Under transient conditions these ratings may be exceeded as elsewhere in this
specification.

14.2 Recommended Operating Conditions:
Table 14.2 lists the recommended operating conditions.

Table 14.2  Recommended Operating Conditions

Symbol Parameter MIN MAX UNIT
VDD Supply voltage 3.0 3.6 V
VIN Input voltage 0 5.5 V

VOUT Output voltage outputs active 0 VDD V
VOUT Output voltage outputs disabled 0 5.5 V
VPPD Flash program/erase voltage 4.5 5.5 V
TA Operating free-air temperature -40 85 °C
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14.3 DC Characteristics
Table 14.3 lists the DC characteristics .

Table 14.3  DC Characteristics

ITEM
SYM
BOL MIN MAX UNIT TEST Conditions

Input Low Voltage VIL -0.5 0.3XVDD V VDD=3.0V to 3.6V
Input High Voltage VIH 0.7XVDD VDD+0.5 V VDD=3.0V to 3.6V

Output Low Voltage
VOL - 0.4 V VDD=3.0V

IOL=0.8mA

Output High
Voltage

VOH 2.4 - V VDD=3.0V
IOH=-0.8mA

Input current at
maximum voltage

II - 1 mA VDD=3.0V to 3.6V
Input=5.5V

Table 14.4 lists the IO circuit with pull-ups

Table 14.4  IO Circuits with pull-ups
Min Current(at PAD = 0V) Max Current (at PAD = 0V)

3.3V Pull-up 30uA -146uA
Equivalent
resistance

88.3kOhms 24.7kOhms

Table 14.5 lists the IO circuit with pull-downs

Table 14.5  IO Circuits with pull-downs
Min Current(at PAD =

2.65V)
Max Current (at PAD = 3.6V)

Pull-down 31uA 159uA
Equivalent
resistance

85.5kOhms 22.6kOhms
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14.4 AC Characteristics
Timing measurement conditions is following that unless otherwise specified:

VDD: 3.3V
Junction Temperature: 25 °C
Process: Typical
Low-voltage input signal rising and falling edges switching time: 0.3ns

Clock timing parameters are listed in Table 14.6, control signal timing parameters in Table
14.7, and bus timing parameters in Table 14.8.

Table 14.6  Clock Timing

Item Symbol Min. Max. Units Test
Conditions

Clock cycle time tCYC 20 1000 ns
Clock pulse low width tCL 10 - ns
Clock pulse high width tCH 10 - ns
Clock rise time tCr - 10 ns
Clock fall time tCf - 10 ns

Figure 14.3

Clock oscillator
Settling time at reset

tOSC1 20 - ms Figure 14.1

Table 14.7  Control Signal Timing

Item Symbol Min. Max. Units Test
Conditions

nRES setup time tRESS 200 - ns
nRES pulse width tRESW 5 - tCYC

Mode programming
setup time

tMDS 200 - ns

Figure 14.2
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Table 14.8  Bus Timing          (units: ns)

Item Symbol Min. Max. Test
Conditions

Address delay time tAD - 20
Address hold time tAH 0 -
Read strobe delay time tRSD - 20
Address strobe delay time tASD - 20
Write strobe delay time tWSD - 20
Strobe delay time tSD - 20
Write strobe pulse width 1 tWSW1 20 -
Address setup time 1 tAS1 10 -
Read data setup time tRDS 20 -
Read data hold time tRDH 0 -
Write data delay time tWDD - 20
Write data setup time 1 tWDS1 10 -
Write data hold time tWDH 0 -
Read data access time 1 tACC1 - 40
Read data access time 3 tACC3 - 40

Figure 14.3
Figure 14.4

Precharge time 1 tPCH1 20 -
Precharge time 2 tPCH2 0 -
Wait setup time tWTS 20 -
Wait hold time tWTH 5 -

Figure 14.5

Bus request setup time tBRQS 20 -
Bus acknowledge time 1 tBACD1 - 30
Bus acknowledge time 2 tBACD2 - 30
Bus-floating time tBZD - 30

Figure 14.6
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14.4 AD Conversion characteristics (Preliminary)
Table 14.9 lists the operation conditions of the AD Conversion

Table 14.9  Operating Conditions of the AD Conversion
Parameter Symbol Min. Max. Units
Power Supply AVDD 3.0 3.6 V
Analog Input AN GND+0.2 AVREF-0.2 V
Clock Pulse Width TPWL 62.5 ns
Operating
Temperature

TOP -40 85 °C

Table 14.10 lists the electrical characteristics of the AD converter

Table 14.10  Electrical characteristics of the AD converter
Conditions : Analog input frequency FIN=1.26KHz, ADCLK=7.5MHz,
AVDD=DVDD=AVREF=3.3V T=25°C

Symbol Parameter Conditions Min. Typ. Max. Units
IDD Normal ADCLK=7.5MHz

Input=AVREF

FIN=1.26KHz ramp

2.0 mA

Power Down ADCLK=7.5MHz 50 uA
AN Analog input

voltage
GND+
0.2

AVREF

-0.2
V

Accuracy Resolution 10 bits
INL Integral Non-

linearity
ADCLK=7.5MHz
Input=0-AVREF(V)
(FIN=1.26KHz)

±2.0 LSB

DNL Differential Non-
linearity

ADCLK=7.5MHz
Input=0-AVREF

(FIN=1.26KHz ramp)

±1.0 LSB

SNR Signal-to-Noise
Ratio

Fsample=500Ksps,
FIN=1.26KHz

48 54 dB

SNDR Signal-to-Noise
Distortion Ratio

45 54 dB

ADCLK 2 4 8 MHz
tc Conversion time 2 4 8 us
Co Output

capacitance
20 pF

Rref Reference
resistance

10K O

AVREF Analog
Reference
Voltage

AVDD V

TCAL Power up time Calibration time 22 ms
THD Total harmonic

distortion
55 60 dB

AVDD Analog power 3.0 3.3 3.6 V
DVDD Digital power 3.0 3.3 3.6 V
FIN Analog input

frequency
5 KHz
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14.5 Operational Timing

14.5.1 Clock Timing
Figure. 14.1 shows the settling time of the crystal oscillator.

Figure 14.1  The settling time of the crystal oscillator

14.5.2 Reset Timing
Figure 14.2 show the reset input timing and reset output timing.

Figure 14.2  Reset Input Timing
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14.5.3 Bus Timing
Figure 14.3 and Figure 14.6 show the timing diagram of the bus controller.

Figure 14.3  The Write Timing Diagram of the Bus Controller

Figure 14.4  The Read Timing Diagram of the Bus Controller
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Figure 14.5  Basic Bus Cycle with External Wait State

Figure 14.6  Bus Release Mode Timing
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