


DS5001FP

ORDERING INFORMATION

MAX CLOCK  PIN-

PART TEMPRANGE  ¢prpp (MHz) PACKAGE
DS5001FP-16 0°C to +70°C 16 80 MQFP
DS5001FP-16+ 0°C to +70°C 16 80 MQFP
DS5001FP-16N -40°C to +85°C 16 80 MQFP
DS5001FP-16N+ -40°C to +85°C 16 80 MQFP
DS5001FP-12-44 0°C to +70°C 12 44MQFP
DS5001FP-12-44+ 0°C to +70°C 12 44 MQFP

+ Denotes a Pb-free/RoHS-compliant device.
DESCRIPTION

The DS5001FP 128k soft microprocessor chip is an 8051-compatible microprocessor based on NV RAM
technology and designed for systems that need large quantities of nonvolatile memory. It provides full
compatibility with the 8051 instruction set, timers, serial port, and parallel I/O ports. By using NV RAM
instead of ROM, the user can program and then reprogram the microprocessor while in-system. The
application software can even change its own operation, which allows frequent software upgrades,
adaptive programs, customized systems, etc. In addition, by using NV SRAM, the DS5001FP is ideal for
data logging applications. It also connects easily to a Dallas real-time clock.

The DS5001FP provides the benefits of NV RAM without using I/O resources. It uses a nonmultiplexed
byte-wide address and data bus for memory access. This bus performs all memory access and provides
decoded chip enables for SRAM, which leaves the 32 I/O port pins free for application use. The
DS5001FP uses ordinary SRAM and battery-backs the memory contents for over 10 years at room
temperature with a small external battery. A DS5001FP also provides high-reliability operation in harsh
environments. These features include the ability to save the operating state, power-fail reset, power-fail
interrupt, and watchdog timer.

A user programs the DS5001FP through its on-chip serial bootstrap loader. The bootstrap loader
supervises the loading of software into NV RAM, validates it, and then becomes transparent to the user.
Software can be stored in multiple 32kB or one 128kB CMOS SRAM(s). Using its internal partitioning,
the DS5001FP can divide a common RAM into user-selectable program and data segments. This partition
can be selected at program loading time, but can then be modified later at any time. The microprocessor
decodes memory access to the SRAM and addresses memory through its byte-wide bus. Memory portions
designated code or ROM are automatically write-protected by the microprocessor. Combining program
and data storage in one device saves board space and cost.

The DS5001FP offers several bank switches for access to even more memory. In addition to the primary
data area of 64kB, a peripheral selector creates a second 64kB data space with four accompanying chip
enables. This area can be used for memory-mapped peripherals or more data storage. The DS5001FP can
also use its expanded bus on ports 0 and 2 (like an 8051) to access an additional 64kB of data space.
Lastly, the DS5001FP provides one additional bank switch that changes up to 60kB of the NV RAM
program space into data memory. Thus, with a small amount of logic, the DS5001 accesses up to 252kB
of data memory.

The DS2251T is available (Refer to the data sheet at www.maxim-ic.com/microcontrollers.) for users
who want a preconstructed module using the DS5001FP, RAM, lithium cell, and a real-time clock. For
more details, refer to the Secure Microcontroller User’s Guide. For users desiring software security, the
DS5002FP is functionally identical to the DS5001FP but provides superior firmware security. The 44-pin
version of the device is functionally identical to the 80-pin version but sports a reduced pin count and
footprint.
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DS5001FP

Figure 2. MEMORY MAP IN NONPARTITIONABLE MODE (PM = 1)
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DS5001FP

Figure 3. MEMORY MAP IN PARTITIONABLE MODE (PM = 0)

NOTEPARTITIONABLE MODE IS NOT SUPPORTED WHEN MSEL PIN =0 (128kB MODE).
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DS5001FP

Figure 4. MEMORY MAP WITH PES =1
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DS5001FP

Figure 5 illustrates a typical memory connection dosystem using a 128kB SRAM. Note that in this
configuration, both programnd data are stored in a common RAM chip Figure 6 shows a similar system
with using two 32kB SRAMs. The byte-wide adssebus connects to the SRAM address lines. The
bidirectional byte-wide data bus comt®the data I/O lines of the SRAM.

Figure 5. CONNECTION TO 128k x 8 SRAM
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DS5001FP

Figure 6. DS5001FP CONNECTION TO 64k x 8 SRAM

POWER MANAGEMENT

The DS5001FP monitorsd¢ to provide power-fail reset, early warning power-fail interrupt, and switch
over to lithium backup. It uses an internal bandgdgreace in determining the switch points. These are
called Vbrw, Veemin, and \{;, respectively. When d¢ drops below ¥y, the DS5001FP performs an
interrupt vector to location 2Bh if the power-fail muang was enabled. Full ptessor operation continues
regardless. When power falls further tecvin, the DS5001FP invokes a reset state. No further code

execution is performed unless power rises back abev V. All decoded chip enables and thewRr/
signal go to an inactive (logic 1) statezAMs still the power source at this time. Whegcdrops further

to below \{,, internal circuitry switches to the lithium cellrfpower. The majority of internal circuits are
disabled and the remaining nonvolatile states retained. Any devices connectegkyare powered by
the lithium cell at this time. o is at the lithium battery voltageinus approximately 0.45V. This drop
varies depending on the load. Low power SRAMsuwd be used for this reason. When using the
DS5001FP, the user must select dippropriate battery tmatch the RAM data retéion current and the
desired backup lifetime. Ne that the lithium cell is only loaded wherdk V|,. TheUser’'s Guidehas
more information on this topic. The trip points&in and \Vbrw are listed in thé&lectrical Specifications
section.
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DS5001FP

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative t0 Ground.............ccoviii i e e, -0.3V tee(¥0.5V)
Voltage Range on 3¢ Related to GroUNd.........cooiniii it e e e e e, -0.3V to 6.0V
Operating TeMPEratuUre RaANGE. .. ... cui ittt e e e e e e e e e e e e e e aeenas 2Go +85C
Storage Temperature Range (NOTE L) .....v it e e e e e e e e an S +125C
Soldering TEMPEratUre. ... .....ovi it e e e e e e See IPC/JEDEC J-STD-020 Specification

This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

Note 1: Storage temperature is defined as the temperature of the device wdrei®V and \(, = 0V. In
this state, the contents of SRAMearot battery-backed and are undefined.

DC CHARACTERISTICS
(VCC =5V +10%, Tpo =0°C to +70°C.)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Low Voltage \'A -0.3 +0.8 V 1
Input High Voltage Vi1 2.0 Vee + 0.3 V 1
Input High Voltage Vv 35 Voo + 0.3 Vv 1
(RST, XTAL1, PROG) Iz ' ccn T
Output Low Voltage

— \% 0.15 0.45 \% 1,11

at lo, = 1.6mA (Ports 1, 2, 3F) ot
Output Low Voltage
at o, = 3.2mA (Ports 0, ALEPSEN, v 0.15 0.45 v 1
BA15-0, BD7-0, RW , CEIN, oL ' '
CE 1-4, PE1-4, Vks?)
Output High Voltage
at lo; = -80pA (Ports 1, 2, 3) Vor 24 4.8 v 1
Output High Voltage
at loy = -400pA (Ports 0, ALEPSEN,
- [ — \% 2.4 4.8 \% 1
PF, BA15-0, BD7-0, RW , CELN, onz
CE 1-4, PE1-4, Vks)
Input Low Current
Vi = 0.45V (Ports 1, 2, 3) e -50 WA
Transition Current; 1 to O
Vin = 2.0V (Ports 1, 2, 3) 1L -500 IJA
(0°C to +70°C)
Transition Current; 1to O
Vin = 2.0V (Ports 1, 2, 3) I, -600 MA 10
(-40°C to +85°C)
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DS5001FP

DC CHARACTERISTICS (continued)

(VCC =5V +10%, Tpo =0°C to +70°C.)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Input Leakage Current
0.45 < Vi < Ve (Port 0, MSEL) I 10 HA
RST Pulldown Resistor
(0°C to +70°C) Ree 40 150 k
RST Pulldown Resistor
(-40°C to +85°C) Rre 30 180 k 10
VRST Pullup Resistor Ryr 4.7 k
PROG Pullup Resistor Rpr 40 k
f(;véetrff;lo}fgmmg Voltage Vorw 4.25 437 4.50 v 1
fzgeéi?‘ig ?Cr:r;mg Voltage Vorw 4.1 437 4.6 % 1, 10
?gﬁgﬂ“ﬁg}’g ating Voltage Veemn 400 412 425 \ 1
?ﬂg}%‘i‘;’g‘;ﬁgmg Voltage Veemn 3.85 4.09 425 % 1, 10
Operating Voltage Vee Veemin 5.5 A\ 1
Lithium Supply Voltage Vi 2.5 4.0 \Y 1
Operating Current at 16MHz Icc 36 mA 2
Idle Mode Current at 12MHz
(OOC to +700C) IIDLE 7.0 mA 3
Idle Mode Current at 12MHz
(-400C to +850C) IIDLE 8.0 mA 3, 10
Stop Mode Current Istop 80 LA 4
Pin Capacitance Cn 10 pF 5
Output Supply Voltage (Vcco) VCCOI -XSI-CS Vv 1, 2
Output Supply Battery-Backed Mode v
(Vcco, CE 1-4, PE 1-2) Vecor 0.65 \% 1,8
(0°C to +70°C) ]
Output Supply Battery-Backed Mode v
(Veco, CE 1-4, PE 1-2) Veco 0.9 \% 1,8,10
(-40°C to +85°C) '
Output Supply Current
at VCCO = VCC -0.45vV ICCOl 73 mA 6
Lithium-Backed Quiescent Current
(0°C to +70°C) I 5 75 nA 7
izgiucn}[;)Bfng(Sg )Qulescent Current I, 75 500 DA 7
With BAT =3.0V
(0°C to +70°C) 4.0 4.25 1
Reset Trip Point | With BAT = 3.0V
in Stop Mode (-40°C to +85°C) 3.85 4.25 1,10
With BAT = 3.0V 44 4.65 1

(0°C to +70°C)
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DS5001FP

AC CHARACTERISTICS: EXPANDED BUS MODE TIMING SPECIFICATIONS
(VCC =5V +10%, Tpo =0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS
1 Oscillator Frequency 1/ terk 1.0 16 MHz
2 ALE Pulse Width tALPW ZtCLK -40 ns
3 | Address Valid to ALE Low TAVALL terk - 40 ns
4 | Address Hold After ALE Low tAVAAY terk - 35 ns
5 ALE Low to Valid Instruction In | at 12MHz Atcrx - 150
at 16MHz tawve Aterx - 90 ns
6 | ALE Low to PSEN Low tALLPSL teik - 25 ns
7 PSEN Pulse Width tpspw 3terk - 35 ns
g | PSEN Low to Valid Instruction at 12MHz ¢ 3terk - 150
PSLVI ns
In at 16MHz 3tCLK -90
9 | Input Instruction Hold After PSEN Going High tpsiv 0 ns
10 | Input Instruction Float After PSEN Going High tpsix terk - 20 ns
11 | Address Hold After PSEN Going High tpsav terk - 8 ns
12 Address Valid to Valid at 12MHz ¢ Sterk - 150 ns
Instruction In at I6MHz AVVE Sterk - 90
13 | PSEN Low to Address Float tpsLaz 0 ns
14 | RD Pulse Width troPwW 6tcrk - 100 ns
15 | WR Pulse Width twrpw 6tcrk - 100 ns
— . at 12MHz StCLK - 165
16 t ns
RD Low to Valid Data In L 16MILz RDLDV Stere - 105
17 | Data Hold After RD High tRDHDY 0 ns
18 | Data Float After RD High trDHDZ 2ter - 70 ns
. at 12MHz 8tCLK - 150
19 | ALE Low to Valid Data In t 16MIz tALLVD 8t - 90 ns
20 | Valid Address to Valid DataTn |- 12MHz tAvDy ik - 163 ns
at I6MHz 9tCLK - 105
21 | ALE Low to RD or WR Low tALLRDL 3teik - 50 3terk + 50 ns
22 | Address Valid to RD or WR Low tAvRDL 4terk - 130 ns
23 | Data Valid to WR Going Low tpvwrL tcrk - 60 ns
24 . N . at 12MHz ¢ 7tCLK - 150
Data Valid to WR High at 16MHz DVWRH Tterg - 90 ns
25 | Data Valid After WR High twrHDV terk - 50 ns
26 | RD Low to Address Float trRpLAZ 0 ns
27 | RD or WR High to ALE High tRDHALH terk - 40 terx + 50 ns
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DS5001FP

EXPANDED PROGRAM-MEMORY READ CYCLE
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DS5001FP

AC CHARACTERISTICS : EXTERNAL CLOCK DRIVE
(VCC =5V +10%, Tpo=0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS
at 12MHz 20
28 External Clock-High Time teknpw ns
at 16MHz 15
_ at 12MHz 20
29 External Clock-Low Time teLkLpw ns
at 16MHz 15
at 12MHz 20
30 External Clock-Rise Time telkr ns
at 16MHz 15
at 12MHz 20
31 External Clock-Fall Time teike ns
at 16MHz 15

EXTERNAL CLOCK TIMING
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DS5001FP

AC CHARACTERISTICS: POWER CYCLE TIME
(VCC =5V +10%, Tpo=0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS
32 Slew Rate from ¥uin t0 V te 130 Us
33 | Crystal Startup Time cdu (Note 9)

34 Power-On Reset Delay pok 21,504 %

POWER CYCLE TIMING
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DS5001FP

AC CHARACTERISTICS: SERIAL PORT TIMING—MODE 0O
(VCC =5V +10%, Tpo=0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS
35 Serial-Port Clock-Cycle Time sPbLk 12tk us
36 Output-Data Setup to Rising-Clock Edge pochi 10tk - 133 ns
37 Output-Data Hold After Rising-Clock Edge chibo 2tck - 117 ns
38 Clock-Rising Edgéo Input-Data Valid dHpv 10tk - 133 ns
39 Input-Data Hold After Rising-Clock Edge cHbv 0 ns

SERIAL PORT TIMING—MODE 0
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DS5001FP

AC CHARACTERISTICS: BYTE-WIDE ADDRESS/DATA BUS TIMING
(VCC =5V +10%, Tpo=0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS

40 Delay to Byte-Wide Address Valid from ¢ 30 ns
CE1, CE2, or CEIN Low During Op Code Fetch]  “=*™*

41 | Pulse Width ofCE 1-4, PE1-4 or CEIN teepw Acik - 35 ns

42 Byte-que Addr.ess Hold AfteCE1, CE2, or teptipn terk - 20 ns
CE1N High During Op Code Fetch
Byte-Wide Data Setup tGE1, CE2, or CEIN

43 t 1 +40 ns
High During Op Code Fetch OVCELH feu
Byte-Wide Data Hold AfteiCE1, CE2 or CELN

44 _ ) ’ t 0 ns
High During Op Code Fetch ROV

45 B_yte-Wlde Addres§ Hold AfteCE 1-4, teenon At - 30 ns
PE1-4, or CE1IN High During MOVX

46 Delay from Byte-Wide Address Valid ¢ 4 35 ns
CE1-4, PE1-4, or CEIN Low During MOVX CELDA feik

47 Byte-que Data. Setup tGE 1-4, PE1-4, or topcen Lty + 40 ns
CE1N High During MOVX (read)

48 B_yte-Wlde Data Hf)ld AftepE 1-4, teenoy 0 ns
PE1-4, or CEIN High During MOVX (read)
Byte-Wide Address Valid to R Active

49 t 3teik - 35 ns
During MOVX (write) AVRWE fouk
Delay from RW Low to Valid Data Out

50 ; ) t 20 ns
During MOVX (write) RWLBY

51 V_alld Data-Out Ho.Id Time fronCE 1-4, . 1ty - 15 ns
PE1-4, or CEIN High

52 | Valid Data-Out Hold Time from Rt High trwHbv 0 ns

53 | Write Pulse Width (RW Low Time) trwiPw 6tcik - 20 ns
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DS5001FP

BYTE-WIDE BUS TIMING
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RPC AC CHARACTERISTICS: DBB READ
(Vcec =5V £10%, Ta = 0°C to +70°C.)
# PARAMETER SYMBOL MIN MAX UNITS
54 CS, A, Setup to RD tar 0 ns
55 | ¢S, Ay Hold After RD tra 0 ns
56 | RD Pulse Width trr 160 ns
57 CS, A, to Data-Out Delay tap 130 ns
58 | RD to Data-Out Delay trp 0 130 ns
59 RD to Data-Float Delay trpz 85 ns
RPC AC CHARACTERISTICS: DBB WRITE
(Vcc =5V +10%, Ta = 0°C to +70°C.)
# PARAMETER SYMBOL MIN MAX UNITS
60 CS, A, Setup to WR taw 0 ns
61A | Cs, Hold After WR twa 0 ns
61B | A,, Hold After WR twa 20 ns
62 | WR Pulse Width tww 160 ns
63 | Data Setup to WR tow 130 ns
64 | Data Hold After WR twp 20 ns

21 of 27




DS5001FP

AC CHARACTERISTICS: DMA
(VCC =5V +10%, Tpo =0°C to +70°C.)

# PARAMETER SYMBOL MIN MAX UNITS
65 | DACK to WR or RD tacc 0 ns
66 | RD or WR to DACK teac 0 ns
67 | DACK to Data Valid taco 0 130 ns
68 | RD or WR to DRQ Cleared tero 110 ns
AC CHARACTERISTICS: PROG
(Vcc =5V £10%, Ta = 0°C to +70°C.)
# PARAMETER SYMBOL MIN MAX UNITS
69 | PROG Low to Active terA 48 CLKS
70 | PROG High to Inactive teri 48 CLKS
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DS5001FP

RPC TIMING MODE

READ OPERATION
CS OR AD
4—( )-" 55
® P f—a— f®
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WRITE OPERATION
CSORAD
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DATA DATA VALID
DMA
DACK TN | //

DATA

DRQ
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DS5001FP

NOTES:

All parameters apply to both commo&l and industrial temperaioperation unless otherwise noted.

1) All voltages are referenced to ground.

2) Maximum operatingckt is measured with all output pins disconnected; XTALL1 driven wjtkxt
tcke = 10ns, \L = 0.5V; XTALZ2 disconnected; RST = PORTO =/ MSEL = Vss

3) Idle mode, be, is measured with all output pins disconnected; XTAL1 driven wifhgrt
tcke = 10ns, \L = 0.5V; XTALZ2 disconnected; PORTO =¥, RST = MSEL = \4s

4) Stop mode, skop is measured with all output pins disconnected; PORTOcg WTAL2 not
connected; RST = MSEL = XTAL1 =

5) Pin capacitance is measured with a test frequency: 1Mtz +R5°C.

6) lccoris the maximum average operating current that can be drawn fegin/normal operation.

7) I is the current drawn fromYinput when \&c = 0V and \&co is disconnected.

8) Vccozis measured with ¢ < V|, and a maximum load of 10pA ornc¥o.

9) Crystal startup time is the time required to get the mass of the crystal into vibrational motion from the
time that power is first applied to the circuittiithe first clock pulse is produced by the on-chip
oscillator. The user should check with the criygéndor for a worst-case specification on this time.

10) This parameter appliesitaustrial temperature operation.

11) PF pin operation is specified withgyr  3.0V.
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DS5001FP

PACKAGE INFORMATION

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline
information, go to www.maxim-ic.com/DallasPackinfo.)

80-PIN MQFP

A?l | SEATING PLANE | I__L__[ ;

DETAIL A

SURFACE MOUNT LAND PATTERN

22.15
(11.075) 9.20 |

Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂé

6.00

16.15

I

-
QI
ﬂ

+

LI

;

A

: AL
2.54 [’]

|:1
10000

1 24

L20080

DIM MM
MIN MAX
A - 3.40
A1 0.25 -
A2 2.55 2.87
B 0.30 0.50
C 0.13 0.23
D 23.70 24.10
D1 19.90 20.10
E 17.70 18.10
E1 13.90 14.10
e 0.80 BSC
L 065 | 095

56-G4005-001
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DS5001FP

44-PIN MQFP

’ D
D1
| —— I —
— I —
— I —
| —— [TT 1
— I —
= e = R0
e — NOTE E — NOTES:
— 2, § S 1. DIMENSIONS D1 AND Et INCLUDE MOLD
H H H H H H H H H H H MISMATCH, BUT DO NOT INCLUDE MOLD
PROTRUSION; ALLOWABLE PROTRUSION IS
0.25 MM PER SIDE.
2. DETAILS OF PIN 1 IDENTIFIED ARE OPTIONAL
SEE DETAIL “a” BUT MUST BE LOCATED WITHIN THE ZONE
3. ALLOWABLE DAMBAR PROTRUSION IS 0.08 MM
L — * TOTAL IN EXCESS OF THE B DIMENSION;
A -D ON LOWER
—1
C
DIM MIN MAX
A — | 245 =
Al 0.10 0.50
A2 1.95 | 2.10
D 135.65 [14.30
D1 9.90 [10.10
E 15.65 1 14.30 A
E1 9.90 [ 10.10
L 0.65 1.03
e 0.80 BSC DETAIL A
B 0.30 0.45
C 013 0.23 DIMENSIONS ARE IN MILLIMETERS
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