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justing PSoC® Trims for 3.3V and 2.7V Operation
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Associated Project: Yes

Associated Part Family: CY8C21x34, CY8C21x24, CY8C24x33,

Application Note Abstract

CY8C24x34A, CY8C24x94, CY8C27x43, CY8C29x66

Software Version: PSoC Designer™ 5 and newer
Associated Application Notes: None

For the PSoC® microcontroller to meet the Internal Main Oscillator frequency accuracy and Internal Voltage Reference
accuracy specifications, proper settings must be loaded in the associated trim registers. The trim register settings are different
for 5V operation (5.25V > Vpp > 4.75V), 3.3V operation (3.6V > Vpp > 3.0V), and 2.7V operation (2.4V > Vpp 2> 3.0V). Trim
values for 5V operation are automatically loaded during power on reset (POR). This application note demonstrates how to set

the trim voltages for 5V, 3.3V, and 2.7V operation.

Introduction

During factory test, trim values for the 2.7V, 3.3V, and 5V
ranges are determined and stored in a device parameter
table accessed by supervisor ROM. On power up, the
Bandgap Trim Register (BDG_TR) and the Internal Main
Oscillator Trim Register (IMO_TR) are automatically
loaded with the factory settings for the 5V operating range.
Designs that operate in the 3.3V and 2.7V range must
load these registers with the correct factory settings. This
is automatically done in boot.asm, based on the “Power
Setting” setting in Global Resources. This application note
documents the process required to perform this for
projects that may require switching between Vpp ranges.

Setting Trims for 3.3V/2.7V Operation

The trim settings determined during factory calibration are
accessed through the System Supervisor Call (SSC)
instruction. See section 4.35 of the PSoC Designer:
Assembly Language User Guide for a description of the
SSC instruction and the “Supervisory ROM (SROM)”
section of the PSoC Technical Reference Manual (TRM)

Table 1: Bandgap Flash Table References

for device-specific functions of the SSC instruction.
Macros have been written to set the bandgap and IMO
trim values based on the operating voltage range.

Note Be certain to carefully use the SSC instruction; it is a
powerful instruction that can make unrecoverable changes
to the PSoC microcontroller if used improperly.

These macros can be found in the m8ssc.asm file found in
the External Headers folder of a PSoC Designer project.
This application note includes a PSoC Designer project
with sample code including a header and assembly file to
set the trims in runtime from assembly or C.

Trim Table Parameters

The trim values are organized in the supervisory ROM.
The values used depend on the IMO speed and voltage
range in which the device operates. Each value has a
symbolic name, hex value, and table number. Table 1 and
Table 2 describe the bandgap and IMO parameters.

Symbolic Name Table Address Description
SSCTBL2_TRIM_BGR_2V 2 OxF8 2.7V Bandgap reference voltage trim
SSCTBL1_TRIM_BGR_3V 1 0xF8 3.3V Bandgap reference voltage trim
SSCTBL1_TRIM_BGR_5V 1 OxFC 5.0V Bandgap reference voltage trim

Table 2: IMO Flash Table References

Symbolic Name Table Address Description
SSCTBL2_TRIM_IMO_2V_6MHz 2 OxFD 2.7V IMO trim for 6 MHz
SSCTBL2_TRIM_IMO_2V_12MHZ 2 O0xF9 2.7V IMO trim for 12 MHz
SSCTBL2_TRIM_IMO_3V_6MHZ 2 OXFC 3.3V IMO trim for 6 MHz
SSCTBL1_TRIM_IMO_3V_24MHZ 1 OxF9 3.3V IMO trim for 24 MHz
SSCTBL1_TRIM_IMO_5V_24MHZ 1 OxFD 5.0V IMO trim for 24 MHz
SSCTBL2_TRIM_IMO_5V_6MHZ 2 OxFE 5.0V IMO trim for 6 MHz
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Trim SSC Macros

There are four macros that modify the bandgap and IMO
trims. The predefined macros modify the bandgap and
IMO trim registers in a specific order. The macros take the
following steps to modify the trim registers:

1. Insert the Voltage Trim Table number (01h) in
[TABLE_ID].

2. Insert the stack frame key in [KEYSP].
Insert the Supervisory key in [KEY1].

4. Place the Table Read supervisor function code (06h)
in A.

5. Execute the SSC instruction (opcode = 00h).

6. Update the trim registers from the values in the
supervisor’s 8-byte buffer.

7. Note [KEY1], [KEYSP], and [TABLE_ID] refer to
locations in the supervisor’'s 8-byte buffer.

Steps 2, 3, 4, and 5 must be done in the order shown. The
sequence of opcodes provides a signature for the
debugger. If the sequence of opcodes is changed, the
debugger does not synchronize correctly after the SSC
instruction is executed, resulting in an Invalid Memory
Reference error. If this happens, reset the ICE.

The macros handle the seven steps discussed in this
section. The macro used depends on the flash parameter
table, the operating voltage, and IMO frequency. The
M8SSC SetableIMOTrim and M8SSC SetTable-
VoltageTrim macros set the IMO and bandgap trims
independently. If the bandgap and IMO trim values are
stored in the same parameter table @ the
M8SSC_SetTableTrims macro can be used. The
M8SSC_Set2TableTrims macro sets the bandgap and
IMO trims when the values are stored in two different
parameter tables. Macro descriptions, arguments, and
syntax are shown in Table 3 to Table 6.

Table 3: MBSSC_SetTableTrims Macro

AN2012

Table 4: M8SSC_SetTable2Trims Macro

Macro M8SSC_Set2TableTrims
Description Loads the bandgap and IMO trim
registers from the specified flash System
Parameter table entries. The values come
from two different tables.
Arguments
BYTE TableA | Parameter table holding the voltage value
BYTE Volt_Trim | Address (F8 - FF) of voltage trim value
BYTE TableB | Parameter table holding the IMO value
BYTE IMP_Trim | Parameter table holding the IMO value
BYTE Bypass | Value for AGNDBYP in the BDG_TR
register (justified).
Syntax M8SSC_Set2TableTrims (TableA,
IMO Trim, TableB, Volt Trim,
Bypass)

Table 5: M8SSC_SetTableVoltageTrim Macro

Macro M8SSC_SetTableVoltageTrim
Description Loads bandgap Voltage Trim register with
values from the specified flash System
Parameter table entry.
Arguments
BYTE Table | Parameter Table holding the voltage

value

BYTE Volt_Trim

Address (F8 - FF) of voltage trim value

BYTE Bypass

Value for AGNDBYP in the BDG_TR
register (justified).

Syntax

M8SSC SetTableVoltageTrim(

Macro M8SSC_SetTableTrims
Description Loads the bandgap and IMO trim
registers from the specified flash System
Parameter table entries. The values come
from the same table.
Arguments
BYTE Table | Parameter table holding the trim values

BYTE Volt_Trim | Address (F8 - FF) of voltage trim value

BYTE IMP_Trim | Address (F8 - FF) of IMO trim value

BYTE Bypass | Value for AGNDBYP in the BDG_TR

register (justified).

Syntax MB8SSC_SetTableTrims (Table,

IMO Trim, Volt Trim, Bypass)
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Table, Volt Trim, Bypass)

Table 6: MBSSC_SetTableIMOTrims Macro

Macro M8SSC SetTableIMOTrim
Description Loads IMO trim register with values from
the specified flash System Parameter
table entry.
Arguments
BYTE Table | The parameter table holding the voltage

value

BYTE Volt_Trim | Address (F8 - FF) of IMO trim value

Syntax M8SSC_SetTableIMOTrim( Table,

IMO Trim)

Troubleshooting

If debugging halts with an error in a project that uses the
SSC instruction, make sure that the macros are being
used. The M8SSC macros present the opcodes in a
specific order. The In-Circuit Emulator (ICE) relies on this
signature to detect that an SSC instruction is being
executed (SSC instructions are handled differently by the
ICE). If this order is not maintained, the ICE does not
recognize the SSC instruction and emulation halts with an
error while debugging in PSoC Designer.
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Summary

This application note explains how to load proper settings in PSoC’s trim registers. The process to set up different registers for
varying voltages is also explained.

Sample Code

The macros to set the IMO and bandgap trims are executed in the “m8SSC.inc” file. Because there is no header file
associated with the file, they cannot be called from “main.c” or other C programs. The project attached to this application note
contains both an assembly and header file with functions to adjust the bandgap and internal main oscillator trims.

The header file provides a mechanism to call these routines from a C program.

Code 1: "AdjustTrim.asm"

;; FILENAME: AdjustTrim.asm

;; DESCRIPTION: This file contains functions that call the M8SSC.inc trim

H macros. Three functions are available:

H Force5V0Trims

H Force3V3Trims

H Force2V7Trims

HH The functions can be called from both .asm and .c files.

include ".\lib\GlobalParams.inc" ;File generated by PSoC Designer
include "m8c.inc" ;Part specific file
include "m8ssc.inc" ;Part specific file

export Force2V7Trims
export Force2V7Trims
export Force3V3Trims
export Force3V3Trims
export Forceb5V0Trims
export Force5V0Trims

;  FUNCTION NAME: Force2V7Trims

; DESCRIPTION:

; Set 2.7V IMO and Bandgap trims based on the System status and control
; register value. If Bit 4 of CPI_SCR1 is "1" the device is operating
; in SLIMO mode.

Force2V7Trims:

_Force2V7Trims:

; Set 2.7V trim with SSC macro
M8SSC_SetTableVoltageTrim 2, SSCTBL2 TRIM BGR 2V, AGND BYPASS JUST

; Set IMO trim based on the IMO speed with the SSC macro
IF (CPU_SCR1 & CPU_SCR1 SLIMO)
M8SSC_SetTableIMOTrim !, SSCTBL2 TRIM IMO 2V 6MHz

ELSE
M8SSC_SetTableIMOTrim 2, SSCTBL2 TRIM IMO 2V 12MHZ
ENDIF
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; FUNCTION NAME: Force3V3Trims

; DESCRIPTION:

; Set 3.3V IMO and Bandgap trims based on the System status and control
; register value. If Bit 4 of CPI SCRI1 is "1" the device is operating
; in SLIMO mode.

Force3V3Trims:

_Force3V3Trims:

; Set 3.3V trim with SSC macro
M8SSC SetTableVoltageTrim |, SSCTBL1 TRIM BGR 3V, AGND BYPASS JUST

; Set IMO trim based on the IMO speed with the SSC macro
IF (CPU SCRI1 & CPU_SCRl_SLIMO)

M8SSC_SetTableIMOTrim , SSCTBL2 TRIM IMO 3V 6MHZ
ELSE

M8SSC_SetTableIMOTrim |, SSCTBL1 TRIM IMO 3V 24MHZ
ENDIF

; FUNCTION NAME: ForcebVO0Trims

;  DESCRIPTION:

; Set 5.0V IMO and Bandgap trims based on the System status and control
; register value. If Bit 4 of CPI SCR1 is "1" the device is operating
; in SLIMO mode.

Force5V0Trims:

_Forceb5V0Trims:

; Set 3.3V trim with SSC macro
M8SSC SetTableVoltageTrim |, SSCTBL1 TRIM BGR 5V, AGND BYPASS JUST

; Set IMO trim based on the IMO speed with the SSC macro
IF (CPU_SCR1 & CPU SCR1 SLIMO)

M8SSC SetTableIMOTrim 2, SSCTBL2 TRIM IMO 5V 6MHZ
ELSE

M8SSC_SetTableIMOTrim |, SSCTBL1 TRIM IMO 5V 24MHZ
ENDIF

; end of file AdjustTrim.asm

Code 2: "AdjustTrim.h"

/* Create pragmas to support proper argument and return value passing */
#pragma fastcalll6 Force5V0Trims

#pragma fastcalll6 Force3V3Trims

#pragma fastcalll6 Force2V7Trims

extern void Force5V0Trims (void) ;
extern void Force2V7Trims (void) ;
extern void Force3V3Trims (void) ;
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