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1 Introduction

TDC-GP30 is a system on chip solution for ultrasonic flow metering. Using its integrated CPU and
code memory, TDC-GP30 can be operated with a dedicated firmware for result evaluation and
operation control.

The TDC-GP30-F01 variant comes already with a preprogrammed ams firmware for flow and
temperature calculation. The main part of this firmware is protected, but there is also an open memory
space that allows a user to add some custom code.

This application note describes how a customized code is added to the open part of the ams flow
firmware. The firmware user code is referred to as FWU. The relevant file is named
GP30Y_A1.D2.11.xx.

Following the naming convention, the modified file should be saved with a different name such as
A1.C2.11.YY, where C indicates it is a custom version.

Figure 1 shows the basic flow diagram of the main program and the various points where custom code
can be added.
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- = "

MK_CPU_REQ
MK_CHK_AND_RESUME

v

MK_EH, Error handling

ROM routine, always called

v

Custom code
(optional)

Post processing
interrupt request
BNR_PPset ?

MK_PP
Main calculation ROM routine

General purpose
interrupt request
BNR_GPH set ?

Clear BNR_PPin SHR_CPU_REQ
Reset watchdog

MK_GPH:
Custom code for user function

Clear BNR_GPH in SHR_CPU_REQ

Custom code
(optional)

no

Flags still set?
BNR_BLD/CHSUM set ?

ROM_CPU_CHK

For illustrative purposes, a very simple example is used:

With each TOF measurement a counter (NUMBER_OF_RUNS) is increased. The counter is reset
every time it reaches a specified level (MAX_NUMBER) and a pulse is generated on GPIOO that lasts

until the next CPU call.

o Information

The pulse interface needs to be turned off, as the GPIOO is used.
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Please do not make any changes in the system folder. Copy all the files to your private folder if you
are planning to make changes to the code. The relevant files are:

° The is the modified assembler source file, based on the default file GP30Y_A1.D2.11.04.asm.
(in our example: GP30Y_A1.C2.11.01.asm)

° The compiled .hex-file, that is downloaded into the chip. (in our example:
GP30Y_A1.C2.11.01.hex)

° The firmware data file, including configuration and other data. It is also downloaded into the
chip. (in our example: GP30Y_A1.C2.11.01.dat)

) .h files are headers containing the register descriptions of the device. They are needed for

successful compilation (typically those are GP30Y_A1.D2.11.04.h, GP30Y_REG_A1.2.h, and
GP30Y_ROM_A1.common.h).

2.2

Open the .asm Example

° Launch GP30 evaluation software and select Assembler in Firmware menu.

Figure 2:

Firmware Menu > Assembler
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2.3 Assembler File Description

Open .asm file and adjust date, file name, author and notes on changes

Tip: double click on the #include files to show them on the menu tab.

Search for the section of the source code that is designated to custom code

Add your code. Small snippets can be inserted directly. Larger code sections should be
accessed by jumping to subroutines.

Figure 3:
Spots for Custom Code

94 5 memmmmmmmmmme—eee- Always call error handling ~
95 sramadr SHR_CPU_REQ ;-- Set RAM Address to SHR_CPU_REQ

96 sskipBitC  r, BNR_EH, 1 ;-- Check Error Handling Flag: this flag shall not be used since it triggers n
97 jsub MK_EH 3-- Always jump to User Errer Handling Subroutine; now modified ROM routine; cf
gg ;t:a::z: Cusstom chE LR & * & * & * FEEE (:::)

166 ;’3333** End cusstom CDdE ¥ * ¥ * ¥ * EEE

181

182 5 - Here comes the main call for post processing

1@3 ramadr SHR_CPU_REQ ;-- Set RAM Address to SHR_CPU_REQ

le4 skipBitC r, BNR_PP, - ;-- Check User Memory Post Processing Flag

185 jsub MK_PP ;-- Jump to User Post Processing

186 3 in case a communication request was set, the FW has requested an interrupt at next IDLE state

187 ; clear the communication request in any case to prevent more subsequent interrupts

1es ramadr SHR_EXC

169 bitset r,BNR_COM _REQ_CLR  ; change of Al.A2.11.84

118

111 5 - General purpose routine: is eonly called after a general purpose request.

112  ; replace register SHR_CPU_REQ and bit BNR_GPH with any other desired flag to have your routine called as desire
113 ; remember to reset the same flag bit inside the routine MK_GPH. Else the routine will be called again after nextr

114 ramadr SHR_CPU_REQ ;-- Set RAM Address to SHR_CPU_REQ; update of vAl.Al.12.81
115 skipBitC r, BNR_GPH, 1 i-- Check General Purpose Flag

116 jsub MK_GPH ;-- Jump to User General Purpose Handling

117

118 ;’3333** Custom CDdE *EXEXX ¥ * ¥ * ¥ * EEE

119 |;  jsub MK_CUSTOM_CODE @
128 ;1113313 End cusstom CDdE *E * *E * *E * FEEX

121

122 5 - End of the main program

123 ramadr SHR_CPU_REQ ;-- Set RAM Address to SHR_CPU_REQ

124 skipBits r,BNR_BLD_EXC, > ;-- check if BNR_BLD_EXC or BNR_CHKSUM may still be set; then skip stop; chang
125 skipBits r, BNR_CHKSUM, 1

1 Custom code section 1: Between error handling and post-processing
2 Custom code section 2: Between post processing and end of main program
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3 Assembler Programming

3.1 Declarations

First, variables and constants should be declared. In our example, these are:

° NUMBER_OF_RUNS. Counts the number of TOF measurements

° MAX_NUMBER. If NUMBER_OF_RUNS exceeds this limit then the GPIO is set and the
counter is reset to zero.

° DEBUG_ADDR_xx determines the USER RAM address for debugging.

DEBUG_CONTENT_xx uses different values for debugging.

° OWN_FLAG is a debug register used to store the content of the BNR_TOF_UPD flag in register
SRR_FEP_STF. This indicates whether a new TOF measurement is available. The mirror is
needed because the MK_PP routine resets this flag.

° BNR_GPIO. Defines the bit number of the mirrored flag in the mirror register

Figure 4.
Parameter Declaration

62 ; The following is used for debugging

63 CONST MNUMBER_OF_RUNS ; RAM address actual counter value

64  CONST MAX_NUMBER Maxixum counter value

65  CONST DEBUG_ADDR_@1 RAM address T a debug value

66  CONST DEBUG_CONTENT_@l Arbitrary debug value

67  CONST OWN_FLAG Own Flag Register, mirrors BNR_TOF_UPD flag in register SRR_FEP_STF
68  CONST BNR_GPIO Bit Number of OWN_FLAG register

e e e

After the error handling we added a code snippet that:

° Clears the GPIOQO, setting it low
° Copies the value of the TOF update flag into our own flag

Figure 5:
Custom Code 1

181 HEEEHRERERRERSY Custom code part 1

162 ramadr SHR_GPO ; Clear GPIO® with the (next) CPU call

183 bitclr r, BNR_GPO@ OUT ;

la4

185 ramadr SRR_FEP_STF ;-- Set RAM Address to SRR_FEP_STF

186 skipBitC  r, BNR_TOF_UPD, ;-- Check US_TOF_UPD Flag

187 ramadr OWN_FLAG 5-- Save as OWN_FLAG (SRR_FEP_STF will be reset by MK_PP
188 bitset r, BNR_GPIO

189 3iHHEHEREEREEEE END Custom code part 1

1A
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After the post-processing we added a jump into the major custom subroutine. The subroutine does the
following:

Check, whether a TOF measurement triggered the CPU

If yes, increase the counter

Compare the counter with the maximum. If this is exceed, jump into the event routine

The event routine writes the debug value. This is just for demonstration how you can debug
The counter is reset to zero

GPIOO is set HIGH

The OWN flag is reset

Figure 6:
Main Custom Subroutine

173 3 #HHEHEHEHEREE Custom code part 2
174 MK_CUSTOM CODE:
175 3T Counts the TOF measurements
p 176 ramadr OWN_FLAG 3-- Set RAM Address to SRR_FEP_STF
1 177 skipBitC  r, BNR_GPIO, ;-- Check US_TOF_UPD Flag
g 178 jsub MK_CUSTOM_TOF
il 179
i 18e jsubret
1 181 jommm e END MK_CUSTOM_CODE
q 182
] 183  MK_CUSTOM_TOF:
q 184 HEE e e e Counts the TOF measurements
1 185 ramadr NUMBER_OF_RUNS H
186 incr r ; incr counter by 1
3§ 187
4 188 move y.r
1 189 clear x
196 add x®, MAX_NUMBER
g 191 sub ¥, X 3 check whether maximum number is reached
] 192 skipPos
| 193 Jsub MK_CUSTOM_EVENT
4 194 jnop
il 195
4 196 jsubret
1 197 jommm e END MK_CUSTOM_TOF
198
{ 199  MK_CUSTOM_EVENT:
i 200 move v, DEBUG_CONTENT_@1 3 Write @x101618 to address 48
1 281 ramadr DEBUG_ADDR_@1 ; for debugging to prove that this sequence was reached
282 move r, ¥
i 283
1 284 ramadr NUMBER_OF_RUNS H
1 2es clear r ; reset counter
H 288
Il 267  ; ----------m-m—--- Set BNR_GPIO bit and OWN_FLAG register
i 2e8 ramadr OWN_FLAG 3 clear custom OWN_FLAG
1 289 bitclr r, BNR_GPIO
i 210
il 211 ramadr SHR_GPO ; set GPIO@ and reset takes about ~2@@ns
1 212 bitset r, BNR_GPO8_OUT
i _ _
i 213
| 214 jsubret
I R R END MK_CUSTOM_EVENT
216
217 3 #HHEHEHHHENEE END Custom code part 2 ~
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3.2 Compile

° Assembler menu, Compile (or press F5)
° After pressing Compile and Download, the output window should show “Processing was

successful” and “Hex-File transferred to Download window”. The Compile Options is used to
configure whether after each compiling the download is executed.

Figure 7:
Assembler Output

295

284 ramadr NUMBER_OF_RUNS ;

a5 rlear r * rezeat Fronnter &7
< >
Output

--- GP3@ Assembler, acam messelectronic gmbh ---

INFO: T:\Marketing\Applikationsschriften\GP38-F@1 ANS36 Add custom firmware\ProgramRessources\GP3@Y_A1.C2.11.81.asm: Processing
was successful

Hex-File transfered to Download window
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Attention

Be sure that the TDC-GP30-F01 is idle.

Open .asm file and .dat file.

Press button “Verify FW”.

Copy “Calculated Checksum by GP30” to field “Checksum FWA manual entry”.
Press button “Download FW Code & Data”.

Information

The assembler transfers the compiled code directly into the download window. So the new code can

be downloaded directly by pressing “Download FW Code”.

Figure 8:
Firmware Download Window

® Download_GP30_FW.vi - [m x
Firmware User Code Firmware Data
Download Firmware . e 5 il GPAOYLATAZTI.O8 et
Open File fwoaet fpae2
Code and Data v |ponsesnmmasnsens — T e | [F] v [F] e
B el n o D . e
FO 00 00 F2 DC FL 13 CF Fz 42 €1 03 CA 00 40 CF Save File 1| 00000000 33 2Fa14C49
e Reload File B2 EB 77 08 20 00 00 00 10 33 4D GA 00 4F GF 75 o 5 2 00000000 31 2684C5 || 66 00000000
00 10 10 10 52 40 7D B9 0B F2 42 FL 03 F2 D3 FL Transfer Configuration Settings STFFFEFETT 35 e | 677 00000000
23 Cr 00 00 00 00 0D 00 00 00 00 00 0O 0O 00 0O
C8 0 G 6 00 69 G b @ 00 (9 6% 66 65 06 65 Configuration from GUI to FW Data 2| —# | 4 FFFFFFFF 36| 1C5B6082 || 68 00DODDD
System Reset 00 00 00 00 09 00 0D 09 0B 0O 00 80 00 @3 00 O 5| 00000000 37 49485584 | 69 00000000
Download FW Code | [00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 #— | Configuration from FW Data 2 to GUI 0000000 2 st |70 00000000
B O e O e e T mm e Transfer Calibration Parameters 7 00000000 30 6B715C7C || 71 02250000
00 00 00 00 00 00 00 0O 00 00 00 00 00 G0 00 0O Catibration Parameters from File 0 FW Data 2 e | &/ 00000000 20 7167567 || 72 02250000
Check Status Flags 00 00 00 00 00 00 00 00 00 00 00 00 0O 0O 00 0O 9 00000000 41/ 00000000 || 73 02250000 0
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 (opens file dialog) 10 00000000 42 FEEQOT11 74 00061400 10
50 a0 93 50 60 93 00 90 05 03 50 05 03 00 35 03 Tronster Fimare Paremeters 11 00000000 23/ FEFFENS |75 002CAZE2 107 00000055
00 00 00 00 09 00 0D 09 0B 0O 00 80 00 @3 00 O From FW Parameters sheet to FW/ Data |—#- | 12 00000000 24 0004CAC__ || 76| ODOFGC3A | 108 48DBA399
95 08 08 00 00 00 50 50 00 03 08 00 00 00 00 00 o000 5 Frasrs||73 oosnoece 705/ o0zeaoon
[£8 Y O 8 0 (9 B 09 B Gl GO GO O D G B8 [ [ et chert o W Dt 14/ 00000000 6 FFFFEGAS |78 2 110 20111140
15 00000000 47, 00005161 9 00000755 11 10215000
Checksums et Bootiares R o 16/ 6004010C 48 FFB6FACD || 80| OODTFFFF 112 OTIBE3FF
17 D4ATSAZZ 49 FFFFEFO4 | 81 0ODIFFFF 113 OD4ECAES
Download FW Code & Data Cale are Download FW Data 18 00000000 50 00001EFE 114 0011E080
by GP30 PASS Recall FW Datn 19/ 00000067 51 FFoOTESB 115 00793400
[7) System Reset and Start Measurement Read from FWD2 FAIL 20| 000004F9 52 FFFFEB73 116/ 01002824
after Downloa [z F 022 21 000007AB 53 000057F4 117 03E70CE3
[ Lock FW after Download AIC2T101 User FW Revision 440 User FW Range Checksums FWD1 22 00000807 54/ 000CBE6D 118 00002C10
23 00000E43 55 00151F37 119 00000451
Calculated by Software []11CC 24 DDD012DF 56 001CBA4 120 B4A0C4TC
e Calculated by GP30 [l11cC Dpass |25 00001853 57| 00357176 121 401725CF
Verify FW Reafrom D2 Ticc Dpass |25 00002CA 58 0097C276 122 00270808
Checksums 27 00004080 59 0000724 123 ABCD7654
Checksums FWD 2 28 00005474 60| 0000F5C 124 000011CC
29 00012170 61 00000480 125 00003B5F
Read from Fw2 EA3 Calculated by Software [{5BSF 30 00000000 62 FFFA3B9E 126 00003821
Erase FW Caleulated by GP30 [{5B5F DPASS |31 1B1S3E2S 63 FFFA3838 127 0006A3BA
Ponssa Checksum FWA manual entry ATAZI103  acam FW Revision Read from FWD2 []5B5F Dpass
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4.1

Verify Code Executing Properly

TDC-GP30-F01
Summary / Results

Read registers 0x38 and 0x40 in the RAM memory, either by menu items Tools-RAM Memory

or by the CPU Values window.

0x38 will show the current counter status, 0x40 should display the debug value (e.g. 0x101010)

Figure 9:
CPU Values Window

= CPUvalues

Start Measurement
[FIRead calculated values Open CPU Graph Show Error Flags
[]Write Values to file
CPU Temperature Results from Flow CPU Results
E Name Results | Unit E Name Results Unit
1 | Temperature 7,44 degC 1 | Flow 0,000 Liter / Hour|
2 | Sound Velocity 1438,07 m/s 2 | Flow averaged -0,470 Liter / Hour|
" 3 | Volume Flow | 0,000000 m"3
CPU Results with ext. Temperature Sensors BN oioe Fiow 0000 =
E Name Results | Unit 5| Flow Speed 0,00 s
1 | Temperature Cold 0,00 degC
2 | Temperature Hot 0,00 degC CPUTOF Values
3 | Resistance Cold Sensor 0,00 Ohm # Name Results | Unit
4 | Resistance Hot Sensor 0,00 Ohm 1 14712316 | ns
5 | Temperature Intemal 0,00 degC 2 TOF diff -0,0952 ns

CPU Results at self-defin

ed RAM Adresses

Calculated Result 1

Calculated Result 2
1,0527E+6

Calculated Result 3
1,0000

Address 1 Mult. Factor 1
ANy . A; = 70000
w v ==

Address 2 Mult, Factor 2
s + g =

Address 3 Mult. Factor 3
A A
g * 9 =

Calculated Result 1
g7

Calculated Result 2
B1o1010

Calculated Result 3

B

Of course, monitoring the signal at GPIOO is the final verification. In this example, the GPIOO is set

every 15 measurements.

Figure 10:
Fire Burst and GPIOO0

Mode: ~ | Auto ~ Source:  Channel 1 v Condition: | Rising ~ Level:

B single

P scan

Sareen

115V -

Time G

¢

Base:

p AddChannel ¥
[] Channel 1
Channel 2

. == |, T, smpe Puse Protocol, = X

Name Pin T 4000 samples at 400 Hz | ©
GPI0D “l oo 1
L | —]
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am

5 Revision Information

Changes from previous version to current revision v1-01

Initial version for release

° Page and figure numbers for the previous version may differ from page and figure numbers in the current revision.
° Correction of typographical errors is not explicitly mentioned.
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6 Legal Information

Copyrights & Disclaimer

Copyright ams AG, Tobelbader Strasse 30, 8141 Premstaetten, Austria-Europe. Trademarks Registered. All rights reserved.
The material herein may not be reproduced, adapted, merged, translated, stored, or used without the prior written consent of the
copyright owner.

Information in this document is believed to be accurate and reliable. However, ams AG does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information.

Applications that are described herein are for illustrative purposes only. ams AG makes no representation or warranty that such
applications will be appropriate for the specified use without further testing or modification. ams AG takes no responsibility for
the design, operation and testing of the applications and end-products as well as assistance with the applications or end-product
designs when using ams AG products. ams AG is not liable for the suitability and fit of ams AG products in applications and
end-products planned.

ams AG shall not be liable to recipient or any third party for any damages, including but not limited to personal injury, property
damage, loss of profits, loss of use, interruption of business or indirect, special, incidental or consequential damages, of any
kind, in connection with or arising out of the furnishing, performance or use of the technical data or applications described
herein. No obligation or liability to recipient or any third party shall arise or flow out of ams AG rendering of technical or other
services.

ams AG reserves the right to change information in this document at any time and without notice.

RoHS Compliant & ams Green Statement

RoHS Compliant: The term RoHS compliant means that ams AG products fully comply with current RoHS directives. Our
semiconductor products do not contain any chemicals for all 6 substance categories, including the requirement that lead not
exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, RoOHS compliant
products are suitable for use in specified lead-free processes.

ams Green (RoHS compliant and no Sh/Br): ams Green defines that in addition to RoHS compliance, our products are free of
Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material).

Important Information: The information provided in this statement represents ams AG knowledge and belief as of the date that
it is provided. ams AG bases its knowledge and belief on information provided by third parties, and makes no representation or
warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. ams AG
has taken and continues to take reasonable steps to provide representative and accurate information but may not have
conducted destructive testing or chemical analysis on incoming materials and chemicals. ams AG and ams AG suppliers
consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for

release.

Headquarters Please visit our website at www.ams.com

ams AG Buy our products or get free samples online at www.ams.com/Products
Tobelbader Strasse 30 Technical Support is available at www.ams.com/Technical-Support

8141 Premstaetten Provide feedback about this document at www.ams.com/Document-Feedback
Austria, Europe For sales offices, distributors and representatives go to www.ams.com/Contact
Tel: +43 (0) 3136 500 0 For further information and requests, e-mail us at ams_sales@ams.com
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