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Designing with PSoC Designer

The development process for the PSoC device differs from that
of a traditional fixed function microprocessor. The configurable
analog and digital hardware blocks give the PSoC architecture a
unique flexibility that pays dividends in managing specification
change during development and by lowering inventory costs.
These configurable resources, called PSoC Blocks, have the
ability to implement a wide variety of user-selectable functions.
The PSoC development process is summarized in four steps:

1. Select User Modules.

2. Configure User Modules.

3. Organize and Connect.

4. Generate, Verify, and Debug.

Select User Modules

PSoC Designer provides a library of prebuilt, pretested hardware
peripheral components called “user modules.” User modules
make selecting and implementing peripheral devices, both
analog and digital, simple.

Configure User Modules

Each user module that you select establishes the basic register
settings that implement the selected function. They also provide
parameters and properties that allow you to tailor their precise
configuration to your particular application. For example, a PWM
User Module configures one or more digital PSoC blocks, one
for each 8 bits of resolution. The user module parameters permit
you to establish the pulse width and duty cycle. Configure the
parameters and properties to correspond to your chosen
application. Enter values directly or by selecting values from
drop-down menus. All the user modules are documented in
datasheets that may be viewed directly in PSoC Designer or on
the Cypress website. These user module datasheets explain the
internal operation of the user module and provide performance
specifications. Each datasheet describes the use of each user

Document Number: 38-12029 Rev. *L

module parameter, and other information you may need to
successfully implement your design.

Organize and Connect

You build signal chains at the chip level by interconnecting user
modules to each other and the I/O pins. You perform the
selection, configuration, and routing so that you have complete
control over all on-chip resources.

Generate, Verify, and Debug

When you are ready to test the hardware configuration or move
on to developing code for the project, you perform the “Generate
Configuration Files” step. This causes PSoC Designer to
generate source code that automatically configures the device to
your specification and provides the software for the system. The
generated code provides application programming interfaces
(APIs) with high-level functions to control and respond to
hardware events at run-time and interrupt service routines that
you can adapt as needed.

A complete code development environment allows you to
develop and customize your applications in either C, assembly
language, or both.

The last step in the development process takes place inside
PSoC Designer’s debugger (access by clicking the Connect
icon). PSoC Designer downloads the HEX image to the ICE
where it runs at full speed. PSoC Designer debugging capabil-
ities rival those of systems costing many times more. In addition
to traditional single-step, run-to-breakpoint, and watch-variable
features, the debug interface provides a large trace buffer and
allows you to define complex breakpoint events. These include
monitoring address and data bus values, memory locations, and
external signals.

Page 7 of 34
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Document Conventions

Acronyms Used

The following table lists the acronyms that are used in this
document.

Table 2. Acronyms

Acronym Description

AC alternating current

ADC analog-to-digital converter

API application programming interface

CPU central processing unit

CT continuous time

DAC digital-to-analog converter

DC direct current

ECO external crystal oscillator

EEPROM |electrically erasable programmable read-only
memory

FSR full scale range

GPIO general purpose 1/O

GUI graphical user interface

HBM human body model

ICE in-circuit emulator

ILO internal low speed oscillator

IMO internal main oscillator

I/0 input/output

IPOR imprecise power on reset

LSb least-significant bit

LVD low voltage detect

MSb most-significant bit

PC program counter

PLL phase-locked loop

POR power on reset

PPOR precision power on reset

PSoC® Programmable System-on-Chip

PWM pulse width modulator

SC switched capacitor

SRAM static random access memory

Document Number: 38-12029 Rev. *L

Units of Measure

A units of measure table is located in the Electrical Specifications
section. Table 8 on page 14 lists all the abbreviations used to
measure the PSoC devices.

Numeric Naming

Hexadecimal numbers are represented with all letters in
uppercase with an appended lowercase ‘h’ (for example, ‘“14h’ or
‘3Ah’). Hexadecimal numbers may also be represented by a ‘0x’
prefix, the C coding convention. Binary numbers have an
appended lowercase ‘b’ (for example, ‘01010100b’ or
‘01000011b’). Numbers not indicated by an ‘h’, ‘b’, or ‘0x’ are
decimal.

Page 8 of 34
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The automotive CY8C24x23A PSoC device is available in a variety of packages which are listed and illustrated in the following tables.
Every port pin (labeled with a “P”) is capable of Digital 1/0. However, Vss, Vdd, and XRES are not capable of Digital 1/0.

20-Pin Part Pinout

Table 3. 20-Pin Part Pinout (SSOP)

Pin Type Pin o Figure 3. CY8C24223A 20-Pin PSoC Device
D
No. [Digital | Analog | Name escription
1 I/O I PO[7] |Analog column mux input Al, PO[7] d1 = 20 @ Vdd
2 I/0 I/O  |PO[5] |Analog column mux input and column AlO, POS] = 2 19 B PO[6], Al
Output A|Q, P0[3] =3 18 P0[4],A|
= 17 =
3| 10 | 1O |PO[3] |Analog column mux inputand column vl ssop ToF o
output 12 SCL, P1[7] = 6 15 | XRES
4 I/0 I PO[1] | Analog column mux input 12C SDA, P1[5] o 7 14 = P1[6]
: P1[3] = 8 13 = P1[4], EXTCLK
5 Power Vss (ground. connection 12G SCL, XTALIn, P1[1] o 9 12 P12
6 I/0 P1[7] |1“C Serial Clock (SCL) Vss = 10 11 [ P1[0], XTALout, I2C SDA
7 110 P1[5] |I2C Serial Data (SDA)
8 I/0 P1[3]
9 I/0 P1[1] |Crystal Input (XTALin), I°C Serial Clock
(SCL), ISSP-SCLK®!
10 Power Vss Ground connection
11 I/0 P1[0] |Crystal Output (XTALout), I°C Serial Data
(SDA), ISSP-SDATAP!
12 I/0 P1[2]
13 I/0 P1[4] | Optional External Clock Input (EXTCLK)
14 I/0 P1[6]
15 Input XRES | Active high external reset with internal pull
down
16 I/0 I PO[0] | Analog column mux input
17 I/0 I PO[2] | Analog column mux input
18 I/0 I PO[4] | Analog column mux input
19 I/O I PO[6] |Analog column mux input
20 Power Vdd | Supply voltage

LEGEND: A = Analog, | = Input, and O = Output.

Note
5. These are the ISSP pins, which are not High Z when coming out of POR (Power On Reset). See the PSoC Technical Reference Manual for details.

Document Number: 38-12029 Rev. *L Page 9 of 34
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28-Pin Part Pinout
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Table 4. 28-Pin Part Pinout (SSOP)

i Type i oy
ng‘- DigitalypAnang NFa’::e Description
1 I/0 I PO[7] | Analog column mux input
2 I/0 I/O | PO[5] |Analog column mux input and column
output
3 I/0 I/O | PO[3] |Analog column mux input and column
output
4 110 | PO[1] | Analog column mux input
5 110 P2[7]
6 110 P2[5]
7 110 | P2[3] |Direct switched capacitor block input
8 110 | P2[1] |Direct switched capacitor block input
9 Power Vss Ground connection
10 1/0 P1[7] |I?C Serial Clock (SCL)
11 I/0 P1[5] |I°C Serial Data (SDA)
12 I/0 P1[3]
13 I/0 P1[1] |Crystal Input (XTALin), I°C Serial Clock
(SCL), ISSP-SCLK®!
14 Power Vss | Ground connection
15 110 P1[0] | Crystal Output (XTALout), I°C Serial Data
(SDA), ISSP-SDATAP!
16 I/0 P1[2]
17 110 P1[4] | Optional External Clock Input (EXTCLK)
18 1/0 P1[6]
19 Input XRES | Active high external reset with internal
pull down
20 1/0 | P2[0] |Direct switched capacitor block input
21 1/0 | P2[2] | Direct switched capacitor block input
22 1/0 P2[4] | External Analog Ground (AGND)
23 110 P2[6] |External Voltage Reference (VRef)
24 110 | PO[0] | Analog column mux input
25 110 | PO[2] | Analog column mux input
26 110 | PO[4] |Analog column mux input
27 110 | PO[6] | Analog column mux input
28 Power Vdd | Supply voltage

LEGEND: A = Analog, | = Input, and O = Output.

Document Number: 38-12029 Rev. *L

Figure 4. CY8C24423A 28-Pin PSoC Device

[F) —
AlLPO[7] o 1 28 P
AlO, POj5] o 2 21 =
AIO,PO[3] o 3 26 =
AlLPO[1] = 4 25 B
Pa7 o 5 4=
P2[5] o 6 23 =
AlLP2[3] o 7 SSOP 2P
ALP2[11 o 8 21 p
Vss o 9 20
12C SCL, P1[7] =10 9P
12C SDA, P1[5] = 11 18 @
P1[3] 512 17
I2C SCL, XTALin, P1[1] =13 16 =
Vss = 14 15 =

Vdd

PO[6], Al

PO[4], Al

PO[2], Al

PO[0], Al

P2[6], External VRef
P2[4], External AGND
P2[2], Al

P2[0], Al

XRES

P1[6)

P1[4], EXTCLK

P1[2]

P1[0], XTALout, 12C SDA

Page 10 of 34



= =

P

== CYPRESS

m.!“l

CY8C24223A, CY8C24423A

PERFORM

Registers

Register Conventions

This section lists the registers of the automotive CY8C24x23A
PSoC device. For detailed register information, refer to the PSoC

Technical Reference Manual.
The register conventions specific to this section are listed in the
following table.

Table 5. Abbreviations

Description
Read register or bit(s)
Write register or bit(s)
Logical register or bit(s)
Clearable register or bit(s)
Access is bit specific

Convention

#OI_E;U

Document Number: 38-12029 Rev. *L

Register Mapping Tables

The PSoC device has a total register address space of 512
bytes. The register space is referred to as 1/O space and is
divided into two banks. The XIO bit in the Flag register (CPU_F)
determines which bank the user is currently in. When the XIO bit
is set the user is in Bank 1.

Note In the following register mapping tables, blank fields are
Reserved and must not be accessed.

Page 11 of 34
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Table 6. Register Map Bank 0 Table: User Space

Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access
PRTODR 00 RW 40 ASC10CRO 80 RW Cco
PRTOIE 01 RW 41 ASC10CR1 81 RW C1
PRTOGS 02 RW 42 ASC10CR2 82 RW Cc2
PRTODM2 03 RW 43 ASC10CR3 83 RW C3
PRT1DR 04 RW 44 ASD11CRO 84 RW C4
PRT1IE 05 RW 45 ASD11CR1 85 RW C5
PRT1GS 06 RW 46 ASD11CR2 86 RW C6
PRT1DM2 07 RW 47 ASD11CR3 87 RW c7
PRT2DR 08 RW 48 88 Cc8
PRT2IE 09 RW 49 89 Cc9
PRT2GS 0A RW 4A 8A CA
PRT2DM2 0B RW 4B 8B CB
[o[e3 4C 8C CcC
oD 4D 8D CD
OE 4E 8E CE
OF 4F 8F CF
10 50 ASD20CRO 90 RW DO
1 51 ASD20CR1 91 RW D1
12 52 ASD20CR2 92 RW D2
13 53 ASD20CR3 93 RW D3
14 54 ASC21CRO 94 RW D4
15 55 ASC21CR1 95 RW D5
16 56 ASC21CR2 96 RW 12C_CFG D6 RW
17 57 ASC21CR3 97 RW 12C_SCR D7 #
18 58 98 12C_DR D8 RW
19 59 99 12C_MSCR D9 #
1A 5A 9A INT_CLRO DA RW
1B 5B 9B INT_CLR1 DB RW
1C 5C 9C DC
1D 5D 9D INT_CLR3 DD RW
1E 5E 9E INT_MSK3 DE RW
1F 5F 9F DF
DBBOODRO 20 # AMX_IN 60 RW A0 INT_MSKO EO RW
DBBOODR1 21 w 61 A1 INT_MSK1 E1 RW
DBBO0ODR2 22 RW 62 A2 INT_VC E2 RC
DBBOOCRO 23 # ARF_CR 63 RW A3 RES_WDT E3 w
DBB01DRO 24 # CMP_CRO 64 # Ad DEC_DH E4 RC
DBB01DR1 25 w ASY_CR 65 # A5 DEC_DL E5 RC
DBB01DR2 26 RW JCMP_CR1 66 RW A6 DEC_CRO E6 RW
DBB01CRO 27 # 67 A7 DEC_CR1 E7 RW
DCBO02DR0 28 # 68 A8 MUL_X E8 w
DCBO02DR1 29 w 69 A9 MUL_Y E9 w
DCB02DR2 2A RW 6A AA MUL_DH EA R
DCBO02CRO 2B # 6B AB MUL_DL EB R
DCBO03DRO 2C # 6C AC ACC_DR1 EC RW
DCBO3DR1 2D w 6D AD ACC_DRO ED RW
DCBO03DR2 2E RW 6E AE ACC_DR3 EE RW
DCBO03CRO 2F # 6F AF ACC_DR2 EF RW
30 ACBOOCR3 70 RW RDIORI BO RW FO
31 ACBOOCRO 71 RW RDIOSYN B1 RW F1
32 ACBOOCR1 72 RW RDIOIS B2 RW F2
33 ACBOOCR2 73 RW RDIOLTO B3 RW F3
34 ACBO01CR3 74 RW RDIOLT1 B4 RW F4
35 ACBO01CRO 75 RW RDIOROO B5 RW F5
36 ACBO01CR1 76 RW RDIORO1 B6 RW F6
37 ACB01CR2 77 RW B7 CPU_F F7 RL
38 78 B8 F8
39 79 B9 F9
3A A BA FA
3B 7B BB FB
3C 7C BC FC
3D 7D BD FD
3E TE BE CPU_SCR1 FE #
3F 7F BF CPU_SCRO FF #
Blank fields are Reserved and must not be accessed. # Access is bit specific.

Document Number: 38-12029 Rev. *L Page 12 of 34
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DC Electrical Characteristics

DC Chip-Level Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < T < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 11. DC Chip-Level Specifications

Symbol Description Min Typ Max | Units Notes

Vdd Supply Voltage 4.75 - 5.25 \% See table titled DC POR and LVD
Specifications on page 20

Ibp Supply Current - 5 8 mA |Conditions are Vdd =5.25V,-40°C < Ty

<125°C, CPU = 3 MHz, 48 MHz
disabled, VC1 = 1.5 MHz,

VC2 =93.75 kHz, VC3 = 93.75 kHz,
Analog power = off.

Isg Sleep (Mode) Current with POR, LVD, Sleep - 4 13 pA  |Conditions are with internal low speed
Timer, and WDT.[®] oscillator active, Vdd = 5.25V, -40°C <
T £ 55°C. Analog power = off.

IsgH Sleep (Mode) Current with POR, LVD[G?Ieep - 4 100 pA | Conditions are with internal slow

Timer, and WDT at high temperature. speed oscillator active, Vdd = 5.25V,
55°C <Tp <125°C. Analog power = off.

IsexTL | Sleep (Mode) Current with POR, I[_VD, Sleep - 6 15 pA  |Conditions are with properly loaded, 1

Timer, WDT, and external crystal.[®! uW max, 32.768 kHz crystal.
Vdd = 5.25V, -40°C < Tp < 55°C.
Analog power = off.

IsexTLH | Sleep (Mode) Current with POR, LVD, Sleep - 6 100 pA |Conditions are with properly loaded,
Timer, WDT, and external crystal at high 1uW max, 32.768 kHz crystal.
temperature.°] Vdd = 5.25V, 55°C < T < 125°C.

Analog power = off.
VREr Reference Voltage (Bandgap) 1.25 1.3 1.35 \% Trimmed for appropriate Vdd.

DC General Purpose I/O Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance.

Table 12. DC GPIO Specifications

Symbol Description Min Typ Max | Units Notes

Rpy Pull up Resistor 4 5.6 8 kQ

Rpp Pull down Resistor 4 5.6 8 kQ

VoH High Output Level 3.5 - - V  |loy=10mA, Vdd = 4.75 to 5.25V

(maximum 40 mA on even port pins
(for example, PO[2], P1[4]), maximum
40 mA on odd port pins (for example,
PO[3], P1[5])). 80 mA maximum
combined lgy budget.

VoL Low Output Level - - 0.75 V  |lop =25 mA, Vdd = 4.75 to 5.25V
(maximum 100 mA on even port pins
(for example, PO[2], P1[4]), maximum
100 mA on odd port pins (for example,
PO[3], P1[5])). 150 mA maximum
combined | budget.

lon High Level Source Current 10 - - mA |Voy > Vdd-1.0V, see the limitations of
the total current in the note for Vo

loL Low Level Sink Current 25 - - mA |V £0.75V, see the limitations of the
total current in the note for Vg

VI Input Low Level - - 0.8 V

Note

6. Standby current includes all functions (POR, LVD, WDT, Sleep Timer) needed for reliable system operation. This must be compared with devices that have similar
functions enabled.
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DC Low Power Comparator Specifications
The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V

and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 14. DC Low Power Comparator Specifications
Symbol Description Min Typ Max Units Notes
VRrerLpc | Low power comparator (LPC) reference voltage range 0.2 - Vdd - 1 \
IsLpc LPC supply current - 10 40 pA
VosLpe | LPC voltage offset - 25 30 mV

DC Analog Output Buffer Specifications
The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V

and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 15. DC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes
Vosos Input Offset Voltage (Absolute Value) - 3 18 mV
TCVosog | Input Offset Voltage Drift - +6 - uv/ec
Vemos Common-Mode Input Voltage Range 0.5 - Vdd - 1.0 V
RouTtos | Output Resistance - 1 - Q
VonicHos | High Output Voltage Swing (Load = 32Q to Vdd/2) 0.5xVdd - - V

+1.1

VoLowos | Low Output Voltage Swing (Load = 320 to Vdd/2) - - 0.5xVdd V

-1.3

Isog Supply Current Including Bias Cell (No Load)

Power = Low - 1.1 5.1 mA
Power = High - 2.6 8.8 mA
PSRRpg | Supply Voltage Rejection Ratio - 64 - dB

Document Number: 38-12029 Rev. *L Page 18 of 34
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DC Analog PSoC Block Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 17. DC Analog PSoC Block Specifications

Symbol Description Min Typ Max Units Notes
Ret Resistor Unit Value (Continuous Time) - 12.24 - kQ
Csc Capacitor Unit Value (Switch Cap) - 80 - fF

DC POR and LVD Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Ty < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Note The bits PORLEV and VM in the following table refer to bits in the VLT_CR register. See the PSoC Technical Reference Manual
for more information on the VLT_CR register.

Table 18. DC POR and LVD Specifications

Symbol Description Min Typ Max Units Notes
Vdd Value for PPOR Trip Vdd must be greater
VppOR2 PORLEV[1:0] = 10b - 4.55 4.70 V |than or equal to 2.5V
during startup, reset
from the XRES pin, or
reset from watchdog.
Vdd Value for LVD Trip
Vivbs VMI[2:0] = 110b 4.62 4.73 4.83 Y
V\vp7 VM[2:0] = 111b 4710 | 4.814 4.950 \Y

DC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 19. DC Programming Specifications

Symbol Description Min Typ Max Units Notes

Vddiwrite |Supply Voltage for Flash Write Operations 4.75 - - \

Ippp Supply Current During Programming or Verify - 10 25 mA

ViLp Input Low Voltage During Programming or Verify - - 0.8 \%

ViHp Input High Voltage During Programming or Verify 21 - - \%

liLp Input Current when Applying V p to P1[0] or P1[1] During - - 0.2 mA | Driving internal pull
Programming or Verify down resistor.

livp Input Current when Applying V|yp to P1[0] or P1[1] During - - 1.5 mA | Driving internal pull
Programming or Verify down resistor.

VoLv Output Low Voltage During Programming or Verify - - 0.75 \%

Vonv Output High Voltage During Programming or Verify 3.5 - Vdd \%

Flashgnpg |Flash Endurance (per block)®! 100 - - - |Erase/write cycles per

block.

Flashgnt  |Flash Endurance (total)!® 101 6,400 - - — |Erase/write cycles.

Flashpg  |Flash Data Retention'"] 15 - - Years

Notes

9. For the full temperature range, the user must employ a temperature sensor user module (FlashTemp) or other temperature sensor, and feed the result to the
temperature argument before writing. Refer to the Flash APIs Application Note AN2015 at http://www.cypress.com under Application Notes for more information.

10. The maximum total number of allowed erase/write cycles is the minimum Flashgypg value multiplied by the number of flash blocks in the device.

11. Flash data retention based on the use condition of < 7000 hours at Ty < 125°C and the remaining time at T < 65°C.
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AC Electrical Characteristics

AC Chip-Level Specifications
The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V

and -40°C < Ty < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 20. AC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes
FiMo24 Internal Main Oscillator Frequency for | 23.04['21 [ 24 24.96!"?l | MHz |Trimmed using factory trim
24 MHz values.
Feput CPU Frequency (5V Vdd Nominal) 0.090"2T | 12 12.481"21 | MHz
Foam Digital PSoC Block Frequency 0 24 | 24.96"2 11| MHz
F3ok1 Internal Low Speed Oscillator 15 32 64 kHz | This specification applies when
Frequency the ILO has been trimmed.
Fsoku Internal Low Speed Oscillator (ILO) 5 - - kHz | After a reset and before the
Untrimmed Frequency M8C processor starts to
execute, the ILO is not trimmed.
Faoko External Crystal Oscillator - 32.768 - kHz | Accuracy is capacitor and
crystal dependent. 50% duty
cycle.
FpLL PLL Frequency - 23.986 - MHz | A multiple (x732) of crystal
frequency.
Jitter24M2 24 MHz Period Jitter (PLL) - - 800 ps |Refer to Figure 9 on page 22.
TpLLSLEW PLL Lock Time 0.5 - 10 ms | Refer to Figure 6 on page 22.
TpLLsLEwsLow | PLL Lock Time for Low Gain Setting 0.5 - 50 ms | Refer to Figure 7 on page 22.
Tos External Crystal Oscillator Startup to - 1700 2620 ms | Refer to Figure 8 on page 22.
1%
Tosacc External Crystal Oscillator Startup to - 2800 3800 ms
100 ppm
Jitter32k 32 kHz Period Jitter - 100 - ns Refer to Figure 10 on page 22.
TxrsT External Reset Pulse Width 10 - - us
DC24M 24 MHz Duty Cycle 40 50 60 %
DCio Internal Low Speed Oscillator (ILO) 20 50 80 %
Duty Cycle
Step24M 24 MHz Trim Step Size - 50 - kHz
Jitter24M1P 24 MHz Period Jitter (IMO) - 600 - ps Refer to Figure 9 on page 22.
Peak-to-Peak
Jitter24M1R 24 MHz Period Jitter (IMO) Root Mean - - 600 ps
Squared
FMAX Maximum frequency of signal on row - - 124871 | MHz
input or row output.
SRpowERUP Power Supply Slew Rate - - 250 V/ms |Vdd slew rate during power up.
TrowERUP Time between end of POR state and - 16 100 ms | Power up from OV.
CPU code execution
Notes

12. Accuracy derived from Internal Main Oscillator with appropriate trim for Vdd range.
13. See the individual user module data sheets for information on maximum frequencies for user modules.
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Figure 6. PLL Lock Timing Diagram
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Figure 7. PLL Lock for Low Gain Setting Timing Diagram
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Figure 8. External Crystal Oscillator Startup Timing Diagram
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Figure 9. 24 MHz Period Jitter (IMO) Timing Diagram
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AC General Purpose I/O Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 21. AC GPIO Specifications

Symbol Description Min Typ Max Units Notes
Ferio GPIO Operating Frequency 0 - 12.48"1| MHz [Normal Strong Mode
TRiseF Rise Time, Normal Strong Mode, Cload = 50 pF 2 - 22 ns 10% - 90%

TFallF Fall Time, Normal Strong Mode, Cload = 50 pF 2 - 22 ns 10% - 90%
TRiseS |Rise Time, Slow Strong Mode, Cload = 50 pF 9 27 - ns 10% - 90%
TFallS Fall Time, Slow Strong Mode, Cload = 50 pF 9 22 - ns |10% - 90%

Figure 11. GPIO Timing Diagram
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AC Operational Amplifier Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < T, < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Note Settling times, slew rates, and gain bandwidth are based on the Analog Continuous Time PSoC block.

Table 22. AC Operational Amplifier Specifications

Symbol Description Min Typ Max | Units
SRRroaA Rising Slew Rate (20% to 80%) (10 pF load, Unity Gain)
Power = Low, Opamp Bias = Low 0.15 - - Vips
Power = Low, Opamp Bias = High 0.15 - - V/us
Power = Medium, Opamp Bias = Low 0.15 - - V/us
Power = Medium, Opamp Bias = High 1.7 - - Vius
Power = High, Opamp Bias = Low 1.7 - - V/us
Power = High, Opamp Bias = High 6.5 - - V/us
SRroa Falling Slew Rate (80% to 20%) (10 pF load, Unity Gain)
Power = Low, Opamp Bias = Low 0.01 - - V/us
Power = Low, Opamp Bias = High 0.01 - - V/us
Power = Medium, Opamp Bias = Low 0.01 - - Vips
Power = Medium, Opamp Bias = High 0.5 - - V/us
Power = High, Opamp Bias = Low 0.5 - - Vips
Power = High, Opamp Bias = High 4.0 - - Vips
BWoa Gain Bandwidth Product
Power = Low, Opamp Bias = Low 0.75 - - MHz
Power = Low, Opamp Bias = High 0.75 - - MHz
Power = Medium, Opamp Bias = Low 0.75 - - MHz
Power = Medium, Opamp Bias = High 3.1 - - MHz
Power = High, Opamp Bias = Low 3.1 - - MHz
Power = High, Opamp Bias = High 5.4 - - MHz
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AC Low Power Comparator Specifications
The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V

and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 23. AC Low Power Comparator Specifications
Symbol Description Min Typ Max | Units Notes
TrLPC LPC response time - - 50 us | =50 mV overdrive comparator
reference set within Vrgg pc-

When bypassed by a capacitor on P2[4], the noise of the analog ground signal distributed to each block is reduced by a factor of up
to 5 (14 dB). This is at frequencies above the corner frequency defined by the on-chip 8.1k resistance and the external capacitor.

Figure 12. Typical AGND Noise with P2[4] Bypass
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At low frequencies, the opamp noise is proportional to 1/f, power independent,
frequencies, increased power level reduces the noise spectrum level.

Figure 13. Typical Opamp Noise
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AC Analog Output Buffer Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 25. AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units
TrROB Rising Settling Time to 0.1%, 1V Step, 100 pF Load

Power = Low - - 3 us

Power = High - - 3 us
Tsos Falling Settling Time to 0.1%, 1V Step, 100 pF Load

Power = Low - - 3 us

Power = High - - 3 us
SRrog | Rising Slew Rate (20% to 80%), 1V Step, 100 pF Load

Power = Low 0.6 - - Vius

Power = High 0.6 - - V/us
SRroB Falling Slew Rate (80% to 20%), 1V Step, 100 pF Load

Power = Low 0.6 - - V/us

Power = High 0.6 - - Vius
BWog Small Signal Bandwidth, 20mVpp, 3dB BW, 100 pF Load

Power = Low 0.8 - - MHz

Power = High 0.8 - - MHz
BWog Large Signal Bandwidth, 1Vpp, 3dB BW, 100 pF Load

Power = Low 300 - - kHz

Power = High 300 - - kHz

AC External Clock Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Ty < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 26. AC External Clock Specifications

Symbol Description Min Typ Max Units Notes
FoscexT | Frequency 0.093 - 24.24 MHz

- High Period 20.6 - - ns

- Low Period 20.6 - - ns

- Power Up IMO to Switch 150 - - us

AC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Ty < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 27. AC Programming Specifications

Symbol Description Min Typ Max Units Notes

Trsclk | Rise Time of SCLK 1 - 20 ns

Tesck | Fall Time of SCLK 1 - 20 ns

Tsscik | Data Set up Time to Falling Edge of SCLK 40 - - ns

Tusck | Data Hold Time from Falling Edge of SCLK 40 - - ns

FscLk Frequency of SCLK 0 - 8 MHz

Terases | Flash Erase Time (Block) - 20 80l°] ms

TwriTe | Flash Block Write Time - 80 32007 | ms

TpscLk | Data Out Delay from Falling Edge of SCLK - - 50 ns

Tpron | Total Flash Block Program Time (Tgrases - - 20001 ms [T;>0°C
+ TwryTe), Hot

Tprec | Total Flash Block Program Time (Terases - - 400 | ms [T <0°C
+ TwriTe), Cold
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AC I’C Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Tp < 125°C. Typical parameters apply to 5V at 25°C and are for design guidance only.

Table 28. AC Characteristics of the 12C SDA and SCL Pins

L. Standard Mode Fast Mode .
Symbol Description Min Max Min Max Units
FscLizc | SCL Clock Frequency 0 100010 0 4007 | kHz
ThpsTtaizc | Hold Time (repeated) START Condition. After this period, the first 4.0 - 0.6 - us
clock pulse is generated.
TLowize LOW Period of the SCL Clock 4.7 - 1.3 - us
THiGHI2C HIGH Period of the SCL Clock 4.0 - 0.6 - us
TsusTaec | Setup Time for a Repeated START Condition 4.7 - 0.6 - us
ThopaTtiec | Data Hold Time 0 - 0 - us
TsupaTizc | Data Setup Time 250 - 10011®] - ns
TsusToizc | Setup Time for STOP Condition 4.0 - 0.6 - us
Tsuri2e Bus Free Time Between a STOP and START Condition 4.7 - 1.3 - us
Tspi2c Pulse Width of spikes are suppressed by the input filter. - - 0 50 ns

Figure 14. Definition for Timing for Fast/Standard Mode on the 12C Bus
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Notes
15. Fscyjpc is derived from SysClk of the PSoC. This specification assumes that SysClk is operating at 24 MHz, nominal. If SysClk is at a lower frequency, then the Fgcyo¢
spemﬁcation adjusts accordingly.
16. A Fast-Mode 12C-bus device can be used in a Standard-Mode 12C-bus system, but the requirement Tsupatizc = 250 ns must then be met. This is automatically the case
if the device does not stretch the LOW period of the SCL signal. If such device does stretch the LOW period of the SCL signal, it must output the next data bit to the
SDA line tymax + Tsupatizc = 1000 + 250 = 1250 ns (according to the Standard-Mode I2C-bus specification) before the SCL line is released.
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Packaging Information
This section illustrates the packaging specifications for the automotive CY8C24x23A PSoC device, along with the thermal impedances

for each package and the typical package capacitance on crystal pins
Important Note Emulation tools may require a larger area on the target PCB than the chip’s footprint. For a detailed description of

the emulation tools’ dimensions, refer to the emulator pod drawings at http://www.cypress.com
Figure 15. 20-Pin (210-Mil) SSOP
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Figure 16. 28-Pin (210-Mil) SSOP
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Capacitance on Crystal Pins

Thermal Impedances
Package Typical 6, '] Package Package Capacitance
20 SSOP 117 °C/W 20 SSOP 2.6 pF
28 SSOP 101 °C/W 28 SSOP 2.8 pF

Solder Reflow Specifications

The following table shows the solder reflow temperature limits that must not be exceeded.

Maximum Time above T¢ — 5 °C

Maximum Peak Temperature

Package
20 SSOP 30 seconds 260°C
28 SSOP 30 seconds 260°C

Note
17.Ty =Ty + POWER x 0,
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Ordering Information

The following table lists the automotive CY8C24x23A PSoC device group’s key package features and ordering codes.

(2]
o o g |2 |2] & |5
) 2 =l =2 2o 5|3 || 3 |&|¢
g 5% G838 |2E| 52 = 2|8 % |8|s
— = =]
g 23 id | 2g E& &8 512|358 |3y
= o 2 8 2 8|l |g|X
20 Pin (210 Mil) SSOP CY8C24223A-12PVXE 4K | 256 | No | -40°Cto +125°C | 4 6 |16 | 8 2 | Yes
20 Pin (210 Mil) SSOP CYB8C24223A-12PVXET | 4K | 256 | No | -40°Cto +125°C | 4 6 |16 | 8 2 | Yes
(Tape and Reel)
28 Pin (210 Mil) SSOP CY8C24423A-12PVXE 4K | 256 | No | -40°Cto +125°C 6 |24 ] 121 ] 2 [VYes
28 Pin (210 Mil) SSOP CYB8C24423A-12PVXET | 4K | 256 | No | -40°Cto +125°C | 4 6 |24 ] 12T ] 2 [VYes
(Tape and Reel)

Ordering Code Definitions

CY 8 C 24 xxx-12xx

T TTT17 T T Package Type: Thermal Rating:
PX = PDIP Pb-free A = Automotive -40°C to +85°C
SX = SOIC Pb-free C = Commercial
PVX = SSOP Pb-free | = Industrial

LFX/LKX = QFN Pb-free  E = Automotive Extended -40°C to +125°C
AX = TQFP Pb-free

CPU Speed: 12 MHz

Part Number

Family Code

Technology Code: C = CMOS
Marketing Code: 8 = PSoC
Company ID: CY = Cypress
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