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SIEMENS Device Specifications

€504
10 Device Specifications
10.1 Absoiute Maximum Ratings
Ambient temperature under bias (T) ....ccvveereeiimrrnireinecees e eeens 0Cto+70°C
StOrage temMPErature (Tar). ... o oeeceee ettt sttt sa et eb s -65°Cto+150°C
Voltage on ¥ pins with respect to ground (Fgg) .oovveveeierenieciinncnssissineneens -05Vto65V
Voltage on any pin with respect 1o ground (Fsg) ...oovevveeeeieeeeeeeeiieeereeeesienenns —05Vio Ve +05V
Input current on any pin during overload condition...........cccccvvienenininciieenns —-10mAto+10mA
Absotute sum of all input currents during overload condition ..........c.cceevviveeen. | 100 mA |
POWEr diSSIPALION.......oouitereiiie ettt TBD
Note:

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage of the device. This is a stress raling only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for longer
periods may affect device reliability. During overload conditions (Viy > Ve or Viy < Vss) the
Voltage on V. pins with respect to ground (Vss) must not exceed the values defined by the
absolute maximum ratings.
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10.2 DC Characteristics

Vec =5V + 10%, — 15%; Ve =0V T,=01t070°C for the SAB-C504
To=—-40t085°C for the SAF-C504
Ty=-40t0110°C for the SAH-C504
T,=-401t0125°C for the SAK-C504

Parameter Symbol Limit Values Unit | Test Condition
min. max.

Input low voltage (except EA, Vi -05 02Ve—- |V -

RESET, CTRAP) 0.1

Input low voltage (EA) Vs -05 02Ve— |V -

0.3

Input low voltage (RESET, Vio -05 02Ve+ |V |-

CTRAP) 0.1

input high voltage (except XTAL1, | ¥y 02Vec+ |[VFoe+05 |V -

RESET and CTRAP) 0.9

Input high voltage to XTAL1 Vi 0.7 Ve Vee +05 [V -

Input high voltage to RESET and | V2 0.6 Ve Vee+05 |V -

CTRAP

Output low voltage (ports 1, 2,3, | Vo, - 0.45 A Ioo=16mA?"

COUT3)

Output low voltage (port 0, ALE, | Vo4 - 0.45 \ I =3.2mA"

PSEN)

Output high voltage (ports 1, 2, 3} | Vou 24 - \ Ion =—80 pA,
0.9 Vcc - 10H=—1OIJ,A

Output high voltage (ports 1,3 pins | Vou, 0.9 Ve - v Ion =—800 uA

in push-pull mode and COUTS3)

Output high voltage (port 0 in Vouz 24 - ' Ion =—800 pA 2,

external bus mode, ALE, PSEN) 0.9 Ve - Ioy=—80pA?d

Logic 0 input current (ports 1, 2, 3) | /. -10 -50 pA | V=045V

Logical 1-to-0 transition current I -85 — 650 pA Vu=2V

(ports 1, 2, 3)

Input leakage current (port 0, EA) | I, - +1 PA 045 < V< Ve

Pin capacitance Co - 10 pF  |fi=1MHz

Ta=25°C
Overload current Ioy - *5 mA |78
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Parameter Symbol Limit Values Unit | Test Condition
typ. ® max.
Power supply current:
Active mode, 12MHz 4 | I 16 TBD mA [ Fe=5V,4
Idle mode, 12 MHz I 8 TBD mA | Ve=5V,9
Active mode, 24 MHz 4 | I 25 TBD mA | Fg=5V,9
Idle mode, 24 MHz 9 I 13 TBD mA | Vgc=5V,9
Active mode, 40 MHz 4 | I 38 TBD mA | Fee=5V,2
Idle mode, 40 MHz % I 17 TBD mA | Vee=5V,9
Power-down mode Iop 1 50 A | Vee=2..55V3

1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses o be superimposed on the ¥, of ALE
and port 3. The noise is due to external bus capacitance discharging into the port 0 and port 2 pins when these
pins make 1-to-0 transitions during bus operation. In the worst case (capacitive loading > 100 pF), the noise
pulse on ALE line may exceed 0.8 V. In such cases it may be desirable to qualify ALE with a schmitt-trigger,
or use an address latch with a schmitt-trigger strobe input.

2) Capacitive loading on ports 0 and 2 may cause the Vo, on ALE and PSEN to momentarily fall below the 0.9 V¢
specification when the address lines are stabilizing.

3) Ipp (power-down mode) is measured under foliowing conditions:
EA = Port0 = V¢ ; RESET = Vg5 ; XTAL2 = N.C.; XTAL1 = Vss ; Vagnp = Vss ; all other pins are disconnected.

4) Iy (active made) is measured with:
XTALA driven with f gy, foree =518, Vi = Veg + 0.5V, Vg = Ve — 0.5 V; XTAL2 = N.C;
EA = Port0 = Port1 = RESET = V ; all other pins are disconnected. /o would be slightly higher if a crystal
oscillator is used (appr. 1 mA).

5) I (idle mode) is measured with all output pins disconnected and with all peripherals disabled;
XTAL1 driven with f) o - fonoL =5 NS, VL = Vgg + 0.5V, V= Vg — 0.5 V; XTAL2 =N.C;
RESET = EA = Vg5 ; Port0 = V¢ ; all other pins are disconnected;
6) Ioc max at other frequencies is given by:
active mode: TBD
idle mode:  TBD
where f,. is the oscillator frequency in MHz. I values are given in mA and measured at Voo =5 V.
7) Overload conditions occur if the standard operating conditions are exeeded, ie. the voltage on any pin exeeds

the specified range (i.e. Yoy > Vee + 0.5 V or Foy < P55 — 0.5 V). The supply voltage Voo and Fsg must remain
within the specified limits. The absolute sum of input currents on all port pins may not exceed 50 mA.

8) Not 100 % tested, guaranteed by design characterization

9) The typical I values are periodically measured at 7, = +25 °C but not 100 % tested.
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10.3 A/D Converter Characteristics
Vee=5V+10%,-15%; Vss=0V To=0t070°C for the SAB-C504
4V E Viper S Ve + 0.1 V; T,=-401085°C for the SAF-C504
Ves—0.1VE Vagno S Pss +0.2V; To=-4010110°C for the SAH-C504

To,=-401t0125°C for the SAK-C504
Parameter Symbol Limit Values Unit | Test Condition

min. max.

Analog input voltage Van Vaeno | Varer \Y 0
Sample time ts - 64xty |ns Prescaler + 32

32 x ty Prescaler + 16

16 X ty Prescaler + 8

8 Xty Prescaler +4 2
Conversion cycle time taoce - 1384 x tn | NS Prescaler + 32

192 x ty Prescaler + 16

96 x ty Prescaler + 8

48 X ty Prescaler +4 ¥
Total unadjusted error Tue - +2 LSB |Vgs+0.5V<Vy<Vee—0.5VY

- +4 LSB VSS < VIN < VSS + 0.5V
VCC -05V< VIN < VCC 4

Internal resistance of R |- tioc /250 |kQ | fanc in [ns] 98
reference voltage source -0.25
Internal resistance of Rusne |- 15/500 |kQ |tsin[ns] 29
analog source -0.25
ADC input capacitance | Can - 50 pF |®

Notes see next page.

Clock calculation table :

ClockPrescaler | ADCL1,0 (tapc is tancc
Ratio

+32 1 1 2xtyy (164xty [384xtN
+16 1 0 [16xtyNy (32xiy [192xty
+8 o 1 8xtN 16Xty {96 xtN
+4 0 0 [(4xty 8xtN 48 x iy

Further timing conditions : tapg min = 500 ns
tin=2/fosc =2tcLeL
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Notes:

1)

2

3

=

&2

6)

Van may exceed Vagnp OF Varer UP to the absolute maximum ratings. However, the conversion result in these
cases will be X000y or X3FFy, respectively.

During the sample time the input capacitance Cay can be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach their final voltage level within tg.
After the end of the sample time tg, changes of the analog input voltage have no effect on the conversion result.

This parameter includes the sample time tg, the time for determining the digital resuit and the time for the
calibration. Values for the conversion clock tape depend on programming and can be taken from the table on
the previous page.

Tueis tested at Vaper =5.0 V, Vagnp =0V, Voo = 4.9 V. Itis guaranteed by design characterization for all other
voltages within the defined voltage range.

If an overload condition occurs on maximum 2 not selected analog input pins and the absoiute sum of input
overload currents on all analog input pins does not exceed 10 mA, an additional conversion error of 1/2 LSB
is permissible.

During the conversion the ADC’s capacitance must be repeatedly charged or discharged. The internal
resistance of the reference source must allow the capacitance to reach their final voltage level within the
indicated time. The maximum internal resistance results from the programmed conversion timing.

Not 100 % tested, but guaranteed by design characterization.
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10.4 AC Characteristics for C504-L / C504-2R
Vcc =5V + 10°/°, - 15%; VSS =0V TA =0to 70 °C for the SAB-C504
T,=-401t085°C for the SAF-C504

T,=—40t0110°C for the SAH-C504
T,=—40t0 126 °C for the SAK-C504

(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit Values Unit

12-MHz clock Variable Clock

1/t = 3.5 MHz to
12 MHz

min. [max. |min. max.
ALE pulse width foa 127 |- 2o —40 |- ns
Address setup to ALE tavL 43 - foct—40 |- ns
Address hold after ALE fiax 30 - foe—23 |- ns
ALE low to valid instr in AT - 233 - 4tc o — 100 | ns
ALE to PSEN ™ 58 - tac =25 |- ns
PSEN pulse width topm 215 |- 3t —35 |- ns
PSEN to valid instr in fouy - 150 |- 3tco.— 100 | ns
Input instruction hold after PSEN Ipxix 0 - 0 - ns
Input instruction float after PSEN P T 63 - tac—20 |ns
Address valid after PSEN toxav? |75 - foo—8 - ns
Address to valid instr in taiv - 302 |- St — 115 | ns
Address float to PSEN fazpe 0 |- 0 - ns

‘) Interfacing the C504 to devices with float times up to 75 ns is permissible. This limited bus contention will not
cause any damage to port 0 drivers.
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AC Characteristics for C504-L / C504-2R (cont'd)
External Data Memory Characteristics
Parameter Symbol Limit Values Unit

12-MHz clock Variable Clock

1/t = 3.5 MHzZ to
12 MHz

min. |max. | min. max.
RD pulse width A 400 |- Blcio — 100 |- ns
WR pulse width fwww  |400 |- Blce — 100 | — ns
Address hold after ALE fiaxe 114 - 2t —53 |- ns
RD to valid data in v |- 252 |- Stey L~ 165 | ns
Data hold after RD TRHx 0 - 0 - ns
Data float after RD Irroz - 97 - 2taa—70 |ns
ALE to valid data in tuov - 517 |- 8tcic — 150 | ns
Address to valid data in avpy - 585 |- oo — 165 1 ns
ALE to WR or RD fw 200 300 |[Bf5c—50 |3tgo +50 (ns
Address valid to WR or RD tavw 203 |- 45 —130 |- ns
WR or RD high to ALE high v 43 123 |fooi—40 (toc +40 ins
Data valid to WR transition towx |33 - lac—50 |- ns
Data setup before WR fows 433 |- Tt — 150 | - ns
Data hold after WR twnox 33 - torel — 50 - ns
Address float after RD tALaz - 0 - 0 ns
External Clock Drive
Parameter Symbol Limit Values Unit

Variable Clock
Freq. = 3.5 MHz to 12 MHz

min. max.
Oscillator period fotoL 83.3 294 ns
High time Terex 20 forol — orex ns
Low time forex 20 feror — Lonex ns
Rise time oL - 20 ns
Fall time ToneL - 20 ns
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10.5 AC Characteristics for C504-L24 / C504-2R24
Vee=5V +10%, — 15%; Vgs =0V T,=0to70°C for the SAB-C504
Ta=-401t085°C for the SAF-C504
(C_ for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)
Program Memory Characteristics
Parameter Symbol Limit Values Unit
24-MHz clock Variable Clock
1/tere = 3.5 MHZ to
24 MHz
min. |[max. |min. max.
ALE pulse width Ly 43 - 200 —40 |- ns
Address setup to ALE faviL 17 - toca—25 |- ns
Address hold after ALE fiax 17 - toe—25 |- ns
ALE low to valid instr in fuv - 80 - Atcc.—87 |ns
ALE to PSEN tup 2 |- tacl—20 |- ns
PSEN pulse width toiem 95 - 3l —30 |- ns
PSEN 1o valid instr in tou - 60 - 3t —65 |ns
Input instruction hold after PSEN fosix 0 - 0 - ns
Input instruction float after PSEN tewz? |- 32 - tac,—10 | ns
Address valid after PSEN toxav ) |37 - oo — 5 - ns
Address to valid instr in taviv - 148 |- S5tcc.—60 [ns
Address float to PSEN tazeL 0 - 0 - ns

" Interfacing the C504 to devices with float times up to 37 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.
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AC Characteristics for C504-L24 / C504-2R24 (cont'd)
External Data Memory Characteristics
Parameter Symbol Limit Values Unit

24-MHz clock Variable Clock

1/t 0 = 3.5 MHz to
24 MHz

min. |max. |min. max.
RD pulse width faLn 180 |- oo —70 |- ns
WR pulse width fwwn  |180 |- Blec—70 |- ns
Address hold after ALE fuaxe 56 - 2o c—27 |- ns
RD to valid data in froy - 118 |- Btoo —90 Ins
Data hold after RD Iox |0 0 - ns
Data float after RD oz |- 63 - 2te e —20 | ns
ALE to valid data in fpy - 200 |- 8t — 133 | ns
Address to valid data in Tavov - 220 |- e — 155 | ns
ALE to WR or RD fuw 75 175 |3Btec—50 | 3tge +50 [ns
Address valid to WR v 67 - 4t - 97 |- ns
WR or RD high to ALE high BwHLH 17 67 toc— 25 tooL + 25 ns
Data valid to WR transition fowx |5 - lac—37 |- ns
Data setup before WR fowwn | 170 |- Tt — 122 | - ns
Data hold after WR fwhax 15 - to —27 |- ns
Address float after RD taLaz - 0 - 0 ns
External Ciock Drive
Parameter Symbol Limit Values Unit

Variable Clock
Freq. = 3.5 MHz to 24 MHz

min. max.
Oscillator period fetel 4.7 294 ns
High time Lenex 12 foroL — telox ns
Low time foiex 12 ool — fenox ns
Rise time loicn - 12 ns
Fall time foneL - 12 ns
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10.6 AC Characteristics for C504-L40 / C504-2R40

Vcc =5V + 10%, - 15%; Vss =0V TA =0to70°C for the SAB-C504
T,=-40t085°C for the SAF-C504

(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)
Program Memory Characteristics

Parameter Symbol Limit Values Unit

40-MHz clock Variable Clock

1tg e =3.5MHz to
40 MHz

min. |[max. |min. max.
ALE pulse width ti 35 - R I ns
Address setup to ALE tave 10 - tac—15 |- ns
Address hold after ALE Hiax 10 - to— 15 |- ns
ALE low to valid instr in fow - 55 - Atcc.—45 |ns
ALE to PSEN fum 10 - toc—15 |- ns
PSEN pulse width toLpn 60 - 3o —15 |- ns
PSEN to valid instr in foLy - 25 |- 3t ~50 |ns
input instruction hold after PSEN toxix 0 - 0 - ns
input instruction float after PSEN oxiz? |- 20 - o —5 ns
Address valid after PSEN toxav ) |20 - toc—5 - ns
Address to valid instr in Taviv - 65 - Slg . —60 |ns
Address float to PSEN tazpL -5 |- -5 - ns

") Interfacing the C504 to devices with float times up to 25 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.
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AC Characteristics for C504-L40 / C504-2R40 (cont'd)
External Data Memory Characteristics
Parameter Symbol Limit Values Unit

40-MHz clock Variable Clock

1tg o = 3.5 MHz to
40 MHz

min. | max. | min. max.
RD pulse width taLAn 120 |- 6fcc. —30 [— ns
WR pulse width fwwn 120 |- Bl — 30 |- ns
Address hold after ALE Lyaxe 35 - 2t —15 |- ns
RD to valid data in trov - 75 - Sfcc—50 | ns
Data hold after RD fax [0 0 - ns
Data float after RD iz | = 38 - 2tac—12 |ns
ALE to valid data in Y - 150 |- 8fcc.—50 |[ns
Address to valid data in Lavov - 150 |- Yo —75 |ns
ALE to WR or RD fuw 60 90 Stcio— 15 |Btge+15 |ns
Address valid to WR Iaw. |70 - Mg ~30 |- ns
WR or RD high to ALE high Fwhn 10 40 tae =15  |toe +15 |ns
Data valid to WR transition lawwx |5 - too—20 |- ns
Data setup before WR laws 125 |- Tloe —50 |- ns
Data hold after WR fwox |5 - fac—20 |- ns
Address float after RD thLaz - 0 - 0 ns
External Clock Drive
Parameter Symbol Limit Values Unit

Variable Clock
Freq. = 3.5 MHz to 40 MHz

min. max.
Oscillator period ool 25 294 ns
High time Iomex 10 ool — Torex ns
Low time Tolex 10 ool — Tomex ns
Rise time foen - 10 ns
Fall time ToneL - 10 ns
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ALE ’ \

= favu l:j Toew —
- fuer

— fy —

- oy

PSEN /

~l= fun

' oux

Portd o tnstr.IN A0-A7 )—C

'AVW

Port2 X AB-A15 X A3-At15

MCTD0096

Program Memory Read Cycle

J

\_/

-

™ fRNDZ

- 'u.mf‘

po AR
1_or

7 from
DPL

fraz - forox
AQ-A7 Instr.
Data N ~\_from _PCL N

——
Fovov
Port2 x P2.0-P2.7 or AB~A15 from DPH X A8-A1S from PCH
NCT00097
Data Memory Read Cycle
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— g |—
ALE / S L \

= \

= fuw Tyiwn
—
WR /
= b= Toywx
- hw [~ = = fmox
! faxa =]
Tovw
A0-A7 from AO-A7
Pori0 ___>-—] g oo N Data OUT XX o Pl )—(tns1r.IN
Tavwt
Port2 )] P2.0-P2.7 or AB-A15 from DPH x A8-A15 from PCH

MCT00098

Data Memory Write Cycle

0.45Y

MCT00033

CHCL 1, CLCH

External Clock Cycle
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10.7 ROM Verification Characteristics for C504-2R
ROM Verification Mode 1
Parameter Symbol Limit Values Unit
min. max.
Address to valid data tavav - 10 o0 ns

Port 0

—

—

Address: P1.0-P1.7=A0-A7
P2.0-P2.5=A8-A13

Data: PC.0-P0.7=D0-D7

Address >———<
Data OUT

Inputs: P2.6, P2.7, PSEN = Vg5

ALE, EA =¥y,
RESET = ¥y

MCT02629

ROM Verification Mode 1

Semiconductor Group
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ROM Verification Mode 2
Parameter Symbol Limit Values Unit
min. typ max.
ALE pulse width Iawp - 2t - ns
ALE period tacy - 12 g - ns
Data valid after ALE fova - - 4 forcl ns
Data stable after ALE losa 8 toeL - - ns
P3.5 setup to ALE low Ias - ool - ns
Oscillator frequency Vica |4 - 6 MHz
fACY
— lﬂ{
ALE / g / \
f DSA
e — Fpyp — o=
Port 0 L Dot Valid ’H
-
P35 N
MCT02613

ROM Verification Mode 2

Semiconductor Group
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Voe—0.5V
e 0.2¥,c+0.9
> Test Points
0.2 Vee=0.1
0.45V

MCT00039
AC Inputs during testing are driven at V. — 0.5 V for a logic "1’ and 0.45 V for a logic '0".
Timing measurements are made at ¥, for a logic "1’ and V)., for a logic '0’.

AC Testing: Input, Output Waveforms

Timing Reference \
Points /
MCT00038

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage

occurs and begins to float when a 100 mV change from the loaded V,,./V, level occurs.
Io/Iop2£20 mA

Vou=0.1V

VLood

Vy +0.1V

AC Testing : Float Waveforms

Crystal Oscillator Mode Driving from External Source

¢ External Oscillator

— XTAL1 Sgnal  lymas
f» 3.5 - 40 MHz ‘T

¢
IL
]

XTALZ NEC ] XTAL2

€=20pF+10pF

(incl. stray capacitance) MCS02579

Recommended Oscillator Circuits for Crystal Oscillator
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10.8 Package Information

P-MQFP-44 (SMD)
(Plastic Metric Quad Flat Package)

(=[02][A-BD]44x
-
{=[02]A-B[D[H)4x

Index Markdng

1) Doss not Include plastic or metal protrusion of 0.25 max. per side

N

o
&
o
-
o
0]

Sorts of Packing

Package outlines for tubes, trays etc. are contained in our

Data Book “Package Information”.

SMD = Surface Mounted Device Dimensions in mm
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