S

fM’ m*ragﬂnma wmamﬂmamniuﬁi

I i s - e bt v AN

INFOINIVNNUVVADADA

DIGITAL CONTROLLER

JUITAAMmIy

WMANAY  NIIgIa

aa !
HIEUA DUBUFAI

WaandwusiiludrunilsvesmsinmmandngnsilSyanianssumansiada

!amﬁ;“! -------------- 200000006000000000

m'wnvmau ..‘Lf..‘..‘.‘.J .i.’..‘......
= ot 7845
714 !ﬂau ﬂ LITTYI L SN0 L0000000000

ANIFNIAINTIHMITIANN

MAIIMNIIIMTIANN Aagdnnssumans

amumalulagwszeindudinammsaian szl

Un15fnm 2546

------------------------------




DIGITAL CONTROLLER

KOMDASH SONGSUMANUS
NITI THANOMSRI

THIS THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INSTRUMENTATION ENGINEERING
DEPARTMENT OF INTRUMENTATION ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2003



MAIFIAINTINMTIANN
d
AMZIAINTIUAAAS
amiumalulagnizeeand 11Ny Man Izl

Tu¥useafSayaniinus

YhidedSaniinusg InSeIAILANILLATARA
DIGITAL CONTROLLER

Wnfnu A weauay  wssquia sedsedda 43010045
TR DUBNAI sraazd1ea 43010220

3ayan AInssuaAItiuneg

MU 2AINITUNTIAAL

nisdnmn 2546

o1 segnIugNSaaninug aafledo

o= v & \
1350y nesimal 5 \/\/M o

v o

Suideu/ilnasy JUDIAITN 23 HUAN WA, 2547

aouiaey . osaeulTagniinug madnisnssumsiagu

a [V Y
MAIFIIVIBIUUAY

A

Gn.ilsyant qam319d)

Hnnmadndnnssumsiagy




wdedSaantinus  nTesmunuuuuAiaea

DIGITAL CONTROLLER
nfine A WAy NI
WA AUBUAT
el 1R an i
21158150 58.3582 nassanl
Un1sdinm 2546
U 1
UYNAAELD

[ o a a Jd o 4"4 A o = ~ A

JagilszassuelSyaniwuialiutife wedinmsanudimsaiuauuui ledPD)
F v v v

sussesnuuLnaz SatunFesmuguILUATasa ez hlldaiuquaszuaumsma
~ aY ¥ (] a g 3 9 o [ :i
gaamnssunuudl 1ea 16 1wy emwgdl szau tazdasinsva Hudu dwSudmiuad
vuaueldléled socsirD2 iHudrilsesnanainaununisiem iden g uaz1¥1ed
ADs7841 wilasdyanaemasnimaudhveunsesnavuauliiluduanuaiaeaiie141ums
Uszanana - dau'led LTCi661  Iduasdynmaineainneenvsunsesniugu v
[ 4 ° 4 :;’ v 2 { [
duanuenasniitetiiesn lilldniuguailnsaimunudugaiede il - sulsyloninlasy

fe unsanadunulumsmdamzdailunsiunimgndeslunszinunisdndag



Thesis Title Digital Controller

Authors Mr.Komdash Songsumanus
Mr.Niti Thanomsri
Thesis Advisor Assoc.Prof. Wiriya Kongratana
Year 2003
ABSTRACT

The purpose of this paper is to study algorithm of PID control and construct Digital
Controller that can be used to control an industrial process, such as temperature, level and flow
rate. This controller uses IC P89C51RD2 as the CPU and C Program is developed to control the
CPU. IC ADS7841 is used to convert analog signal from input signal conditioner (I/V) to digital
signal and IC LTC1661 is also used to convert output digital signal from CPU to analog signal
and sent the signal to output signal conditioner (V/I) to convert this signal to be the standard
current signal (4 — 20 mA) to control final control element. The benefit of the controller is we can

reduce the cost and improve accuracy.
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3.2.7 Flow Chart Y@31¥auaadal MV uag PV (Mode 1)
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3.2.8 Flow Chart ¥23l¥alSumminiimes Kp (Mode 2)
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3.2.9 Flow Chart ¥a3lnuamslummnndimes Ki (Mode 3)
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3.2.10 Flow Chart vaalvamsdSummniimes Kd (Mode 4)
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3.2.11 Flow Chart Y83 1Huan15ta0nn 38N (Action) YBAIDIAIVAN (Mode 5)
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AN 3.18 Flow Chart 499 1%u@an 151080387 (Action) YBUATBIAIUAY
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3.2.12 Flow Chart ¥4 1¥NAM31@80N15AIVAMULY Cascade (Mode 6)
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3.2.13 Flow Chart U831%3an135619A1 Scan time (Mode 7)
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3.2.14 Flow Chart ¥891%4AN15A3A1 Alarm High (Mode 8)
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AH Up

v
No
Yes
AH =0

Press Switch
Down
Yes

AH Down

) 4
AH <0
Yes No

AH =1000
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3.2.15 Flow Chart 24 1%3an15919A1 Alarm Low (Mode 9)
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3.2.16 Flow Chart ¥831%uan1589nn13AIUANUUY ON/OFF (Mode 10)
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3.2.17 Flow Chart M3¥a14a2u Interrupt

Interupt

Read PV

Yes Alarm High
ON

No [ J

Yes Alarm Low

PV <AL ON

No L) J

A

Error O = Error 1

v

Error 1 =SV - PV

3

Sum Error = Sum Error + Error 1

A 4

K = ((P*0.1*Error 1)+(1*0.01*Sum Error)+(D*(Error 1 - Error 0)))

MV = MV (Bias) + (k*action)

Yes
MV = 1000
L & No
Yes
MV =0 MV <0
e
Lt No
v
Write DAC
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MNN 4.7 HAAINANITNATBIAIUANLLA PI (Kp = 35, Ki = 10) 1ilonszuiunsidesuniu

AMI59NITUNN 1200 mm. /h

45



4.1.3 WAN1INAABYIINISAY UR3uUY PID
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AN 4.9 HAAINANTNAABIAILANIUD PID (Kp = 30, Ki = 14 1o Kd = 70) N109
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Philips Semiconductors

80C51 8-bit Flash microcontroller family
32K/64K ISP FLASH with 512-1K RAM

DESCRIPTION

The 89C51RX+ devices contain a non-volatile FLASH program
memory (up to 64 k bytes in the 89C51 RD+) that is both parallel
programmable and Serial In-System Programmable. In-System
Programming allows devices to alter their own program memory, in
the actual end product, under software control. This opens up a
range of applications that can include the ability to field update the
application firmware.

A default serial loader (boot loader) program in ROM allows
In-System serial programming of the FLASH memory without the
need for a loader in the FLASH code. User programs may erase and
reprogram the FLASH memory at will through the use of standard
routines contained in ROM.

These devices are Single-Chip 8-Bit Microcontrollers manufactured
in advanced CMOS process and are derivatives of the 80C51
microcontroller family. All the devices have the same instruction set
as the 80C51.

FLASH/EPROM RAM Size Programmable
Memory Size (X by 8) Timer Counter
(X by 8) (PCA)
89C51RC+
32k | 512 | Yes
89C51RD+
64 k | 1024 | Yes

See P89C51RX2 data sheet for devices which do not require a 12V
programming voltage.

The devices also have four 8-bit I/O ports, three 16-bit timer/event
counters, a multi-source, four-priority-level, nested interrupt
structure, an enhanced UART and on-chip oscillator and timing
circuits. For systems that require extra memory capability up to

64 k bytes, each can be expanded using standard TTL-compatible
memories and logic.

The added features of the P8IC51RX+ Family makes them even
more powerful microcontrollers for applications that require pulse
width modulation, high-speed /0 and up/down counting capabilities
such as motor control.

Product specification

P89C51RC+/P89C51RD+

FEATURES
® 80C51 Central Processing Unit

@ On-chip FLASH Program Memory with In-System Programming
(ISP) capability

® Boot ROM contains low level FLASH programming routines and a
default serial loader

® Speed up to 33 MHz

® Full static operation

® RAM expandable externally to 64 k bytes
® 4 level priority interrupt

® 7 interrupt sources, depending on device
® Four 8-bit I/O ports

e Full-duplex enhanced UART
— Framing error detection
— Automatic address recognition

@ Power control modes
— Clock can be stopped and resumed
— |dle mode
— Power down mode

® Programmable clock out
® Second DPTR register
® Asynchronous port reset
® | ow EMI (inhibit ALE)

® Watchdog timer

ORDERING INFORMATION
MEMORY SIZE MEMORY SIZE TEMPERATURE RANGE °C VOLTAGE | FREQ. DWG.
32kx8 64k x 8 AND PACKAGE RANGE (MHz) #
P8IC51RCHN P8IC5TRD+IN QI T; 5V 01033 | SOT129-1
40-Pin Plastic Dual In-line Pkg.
PSICSTRCHA PBIC51RD+A SR 5V 0t033 | SOT187-2
44-Pin Plastic Leaded Chip Carrier
0to +70, 4
P8ICS1RC+B P8IC51RD+IB e e FlPaaR 5V 0to33 QFP44
—40to +85,
P8ICSTRC+IN PBIC51RD+IN A Pib s i Bk 5V 01033 | SOT129-1
40 to +85,
P8IC51RC+IA PBIC51RD+IA B D Hpi e 5V 01033 | SOT187-2
—40 to +85, 1
P8IC51RC+IB PBIC51RD+JB e e i Bk 5V 0t033 QFP44
NOTE:

1. SOT not assigned for this package outline.

1999 Oct 27

853-2149 22593



Philips Semiconductors Product specification

80C51 8-bit Flash microcontroller family
32K/64K ISP FLASH with 512—1K RAM P89C51RC+/PBICSIRD+

ORDERING INFORMATION

DEVICE NUMBER (P89C51RC+) TEMPERATURE RANGE/OPEPATING PACKAGE (A)
FREQUENCY, MAX (1)

PBIC51RC+ (FLASH) 1 =33 MHz, 0°C to 70°C A=PLCC

P89YC51RD+ (FLASH) J = 33 MHz, —40°C to +85°C B = PQFP

N = PDIP

BLOCK DIAGRAM

P0.0-P0.7 P2.0-P2.7
AAAAAAADL ???TAAAA
L AT UL ——— - — — — — — — — — — — — — —
r L L Lt L |
| PORT0 PORT 2 |
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vee| it Lt |
|
Vss i \7 {
RAM ADDR |-————A PORT0 PORT 2
—E ll REGISTER | ——v| RAM LATCH LATCH - K: |
|
il ] f f
= ; |
g Ty { ; |
|
B l
[ REGISTER ACC P%m%(R |
| U |
| e ey
: TMP2 TMPA REGISTER |
| T |
. !
| Y
| N <:> BUFFER C:\'} :
| T SFRs |
| > TIMERS
PC |
PSW INCRE- K=
: PCA. MENTER |
| 4N s 16 :
| PROGRAM
| COUNTER K {
|
PSEN z |
Q
ALE<T™] TIMING G E AV DPTR'S !
AND § @B N | muLTipLe K= |
EAVep —T7| CONTROL | £
H |
RST—1 z |
| PD PORT 1 PORT 3
| LATCH LATCH |
| ] |
| OSCILLATOR |
l
PORT 1 N PORT3
| DRIVERS DRIVERS |
lxracr]  fxae IH_H ___________ ‘Hﬁﬁﬁ __________ |
A\
p1 0-P1.7 P3.0-P3.7
SU01065
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Philips Semiconductors Product specification

80C51 8-bit Flash microcontroller family
32K/64K ISP FLASH with 512-1K RAM

P89C51RC+/P89C51RD+

PLASTIC LEADED CHIP CARRIER PIN FUNCTIONS

LOGIC SYMBOL

Vec  Vss 5 1 40
— - ! 1 1
XTAL1 5 ) o)
——)}——o——» “—> > N mES
} ‘ “—> > \DDRESSAND
b > >
= «—>—Z<—>| DATABUS
| <> @ <—>‘
T—)F——‘o———-» <> >
7 xra > <>
- 4—ﬂ « T2 17 [ 129
<> ]<— T2EX
«—>| T
RST ——>f e Ld -
EA > | 18 28
e | (B
PSEN < | |<»| &} : . } _ ) )
. P | Pin  Function Pin  Function Pin  Function
@ ALEPROG<—> | | TNIC 16 P3.4/T0 31 P27IA15
[ rRO—> [~ DI 2 PLOM2 17 P35 32 PSEN
Sl T0e— | —> 4_—4 e 3 PLUT2EX 18 P3.6/WR 33 ALE
ZIINTO —> - > N 4  P12ECI 19 P3.7/RD 34  NIC
LIRTT—> - | —> > F__5 5 P13/CEX0 20 XTAL2 35  EANpp
Zl to—> 5| —> <> | OfF 4 HODRESSELS 6/ /P14ICEX] 21 XTALA 36 PO.7IAD?
gl M e 7 P15ICEX2 22 Vs 37 POGIADS
gl WRe— | > pilid & ama 8 P1.6/CEX3 23 NIC* 38  P05/ADS
QL RO<— oy £ 9 P17/CEX4 24 P2.0/A8 39 PO.4/AD4
@ &5 10 RST 25  P2.1/A9 40  P0.3/AD3
00830 11 P3.O/RXD 26 P2.2/A10 41 PO.2/AD2
12 NICc* 27 P23/A11 42 PO.1/AD1
13 © P3A/TxD 28 P24/A12 43 P0.0/ADO
14 P3.2/INTO 29  P25/A13 44 Ve
15 P3IINTT 30 P26/A14
PIN CONFIGURATIONS
NO INTERNAL CONNECTION SLIG0850
DUAL IN-LINE PACKAGE PIN FUNCTIONS
W RTAR PLASTIC QUAD FLAT PACK
gkt 9] Voo PIN FUNCTIONS
T2EX/P1.1[2 39| PO.0/ADO
B g i 5
ecip1.2[3] 38] P0.1/AD1 0 ﬂ
cexoP1.3[4a 37] Po.2/AD2
E :} f e O =¥ 33
CcEX1/P1.4[5] 36] P0.3/AD3
cex2iP15(6] 35] P0.4/AD4 PQFP
cexyP1.6[7] |34] PO.5/ADS
= 23
cex4p1.7[8] (33 Po.6/ADS
I
RsT[3] 32] Po.77AD7 il i
rReoP3ofig]  DUAL [31] EAVEe 12 22
3 Pin  Function Pin  Function Pin Function
a1 (11| PACKAGE [30] ALE 1 P1.5/CEX2 16 Vss 31 PO.6IADS
WToP32[12 25 psen 2 P1.6/CEX3 17 NIC® 32 POS5/ADS
3 P1.7/CEX4 18 P2.0/A8 33 P0.4/AD4
TIP3 (13 28] P2.7/A15 4 RST 19 P2.1/A9 34 PO3/AD3
5 P3.0/RxD 20 P22/A10 35 P02/AD2
ToP3.4[14] 27] P2.6/A14 6  NIC* 21 P23AN 36  PO.1/ADI
7 P3.AMTXD 22 P24IA12 37 PO.0/ADO
TP 26] P2.5/A13 8  P3.2/NTO 23 P2.5/A13 38 Ve
i 9 P3.3INTI 24 P2.6/A14 39 NIC
WRiP3.6[16] 25| P2.4/A12
[ 2 10 P3.4/TO 25  P2.7/A15 40  P10M2
ROP3.7[17] [24] P2.3/A11 1 P35 26 PSEN 41 PLUT2EX
12 P3.6WR 27 ALE 42 P1.2[ECI
XTAL2 [18] @ £2.2/A10 13 P37IRD 28 NIC 43 P1.3ICEX0
14 XTAL2 29 EANpp 44 P14ICEX1
xTaLt 19 22] P2.1189 15 XTAL1 30 P0.7/AD7
Vss [20 21] P2.0/A3 i
(29 21] NO INTERNAL CONNECTION —
SU00888
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Philips Semiconductors

Product specification

80C51 8-bit Flash microcontroller family

P89C51RC+/P89C51RD+

32K/64K ISP FLASH with 512-1K RAM

PIN DESCRIPTIONS

PIN NUMBER

MNEMONIC| DIP | LCC QFP | TYPE | NAME AND FUNCTION

Vss 20 22 16 | Ground: 0V reference.

Vee 40 44 38 | Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

P0.0-0.7 39-32 | 43-36 | 37-30 /0 | Port 0: Port 0 is an open-drain, bidirectional /O port. Port 0 pins that have 1s written to
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed
low-order address and data bus during accesses to external program and data memory. In
this application, it uses strong internal pull-ups when emitting 1s.

P1.0-P1.7 1-8 2-9 | 40-44, | 11O |Port1: Port1is an 8-bit bidirectional /O port with internal pull-ups. Port 1 pins that have 1s

1-3 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs,
port 1 pins that are externally pulled low will source current because of the internal pull-ups.
(See DC Electrical Characteristics: Ij)-
Alternate functions for 89C51RX+ Port 1 include:
1 2 40 110 T2 (P1.0): Timer/Counter 2 external count input/Clockout (see Programmable Clock-Out)
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 | ECI (P1.2): External Clock Input to the PCA
4 5 43 110 CEXO (P1.3): Capture/Compare External I/O for PCA module 0
5 6 44 110 CEX1 (P1.4): Capture/Compare External 1/0O for PCA module 1
6 74 { 110 CEX2 (P1.5): Capture/Compare External I/O for PCA module 2
7 8 2 /0 CEX3 (P1.6): Capture/Compare External I/O for PCA module 3
8 9 3 /0 CEX4 (P1.7): Capture/Compare External I/O for PCA module 4

P2.0-P27 |21-28 |24-31| 18=25 | 1O |Port 2: Port2is an 8-bit bidirectional /O port with internal pull-ups. Port 2 pins that have 1s
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs,
port 2 pins that are exterally being pulled low will source current because of the internal
pull-ups. (See DC Electrical Characteristics: I ). Port 2 emits the high-order address byte
during fetches from external program memory and during accesses to external data memory
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal
pull-ups when emitting 1s. During accesses to extemal data memory that use 8-bit addresses
(MOV @Ri), port 2 emits the contents of the P2 special function register.

P3.0-P3.7 [10-17 | 11, 5, 110 | Port 3: Port 3 is an 8-bit bidirectional /O port with internal pull-ups. Port 3 pins that have 1s

13-19 | 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs,

port 3 pins that are externally being pulled low will source current because of the pull-ups.
(See DC Electrical Characteristics: I.). Port 3 also serves the special features of the
89C51RX+ family, as listed below:

10 " 5 | RxD (P3.0): Serial input port

11 13 7 (@] TxD (P3.1): Serial output port

12 14 8 | INTO (P3.2): External interrupt

13 15 9 | INTT (P3.3): External interrupt

14 16 10 | TO (P3.4): Timer 0 external input

15 17 1 | T1 (P3.5): Timer 1 external input

16 18 12 ] WR (P3.6): External data memory write strobe

17 19 13 (0] RD (P3.7): External data memory read strobe

RST 9 10 4 | Reset: A high on this pin for two machine cycles while the oscillator is running, resets the
device. An internal resistor to Vgg permits a power-on reset using only an external capacitor
to Vge-

ALE 30 33 27 O Address Latch Enable: Output pulse for latching the low byte of the address during an
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the
oscillator frequency, and can be used for external timing or clocking. Note that one ALE
pulse is skipped during each access to external data memory. ALE can be disabled by
setting SFR auxiliary.0. With this bit set, ALE will be active only during a MOVX instruction.
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Philips Semiconductors Product specification

80C51 8-bit Flash microcontroller family
32K/64K ISP FLASH with 512—1K RAM P8IC51RC+/P8ICSTRD+

PIN DESCRIPTIONS (Continued)

PIN NUMBER
MNEMONIC| DIP | LcC | QFP | TYPE | NAME AND FUNCTION
PSEN 29 32 26 0O Program Store Enable: The read strobe to external program memory. When executing

code from the external program memory, PSEN is activated twice each machine cycle,
except that two PSEN activations are skipped during each access to external data memory.
PSEN is not activated during fetches from internal program memory.

EANpp 31 35 29 | External Access Enable/Programming Supply Voltage: EA must be externally held low
to enable the device to fetch code from external program memory locations 0000H and
7FFFH. If EA is held high, the device executes from internal program memory unless the
program counter contains an address greater than 7FFFH for 32 k devices. The value on
the EA pin is latched when RST is released and any subsequent changes have no effect.
Since the RD+ has 64 k internal memory, the RD+ will execute only from internal memory
when EA is held high. This pin also receives the 12.00 V programming supply voltage (Vpp)
during FLASH programming.

XTAL1 19 21 15 | Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator
circuits.
XTAL2 18 20 14 O Crystal 2: Output from the inverting oscillator amplifier.

NOTE:
To avoid “latch-up” effect at power-on, the voltage on any pin (other than Vpp) at any time must not be higher than Vgg + 0.5 V or Vgs—0.5V,

respectively.
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FEATURES

Tiny: Two 10-Bit DACs in an 8-Lead MSOP—
Half the Board Space of an SO-8

Micropower: 60uA per DAC

Sleep Mode: 1pA for Extended Battery Life
Rail-to-Rail Voltage Outputs Drive 1000pF

Wide 2.7V to 5.5V Supply Range

Double Buffered for Independent or Simultaneous
DAC Updates

Reference Range Includes Supply for Ratiometric
0V-to-V¢c Output

Reference Input Has Constant Impedance over All
Codes (260kQ Typ)—Eliminates External Buffers
3-Wire Serial Interface with

Schmitt Trigger Inputs

Differential Nonlinearity: <+0.75LSB,Max

APPLICATIONS

Mobile Communications

Digitally Controlled Amplifiers and Attenuators
Portable Battery-Powered Instruments
Automatic Calibration for Manufacturing
Remote Industrial Devices

L7, LTC and LT are registered trademarks of Linear Technology Corpaoration.

l t ’ \D LTC166T

ECHNOLOGY

Micropower Dual
10-Bit DAC in MSOP

DESCRIPTION

The LTC®1661 integrates two accurate, serially addres-
sable, 10-bit digital-to-analog converters (DACs) in a
single tiny MS8 package. Each buffered DAC draws just
60uA total supply current, yet is capable of supplying DC
output currents in excess of 5mA and reliably driving
capacitive loads up to 1000pF. Sleep mode further re-
duces total supply current to a negligible TuA.

Linear Technology's proprietary, inherently monotonic
voltage interpolation architecture provides excellent lin-
earity while allowing for.an exceptionally small external
form factor. The double-buffered input logic provides
simultaneous update capabilityand canbe used to writeto
either DAC without interrupting Sleep mode.

Ultralow supply current, power-saving Sleep mode and
extremely compact size make-the LTC1661 ideal for
battery-powered applications, while its straightforward
usability, high performance and wide supply range make
it an excellent choice as a general purpose converter.

For additional outputs and even greater board density,
please refer to the LTC1660 micropower octal DAC for
10-bit applications. For 8-bit applications, please consult
the LTC1665 micropower octal DAC.

v GND v v 5 ! . .
= = gt Differential Nonlinearity (DNL)
:
0.75
0.60
= = =3 xr -
10-BIT o o S o 10-BIT 0.40
DACA s < 3 3 DACB
0.20
3 o Wmm
0.20
CONTROL ADDRESS
LOGIC - DECODER 0.40
~0.60
075
R 0 256 512 768 1023
SHIFT R cont
T - om
[——{— ——GH
CSILD SCK Diy REF

1661 80

LT IR



LTC1661

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Vg t0 GND Lo ~03Vto7.5V  Operating Temperature Range
Logic INPUES 10 GND ..o -0.3Vto 7.5V [ 05 75T [ - OIRREp———— 0°Cto 70°C
Vout A Vout 8 REF 1O GND............ -0.3Vto Ve + 0.3V LTC1B6TL........commsismmsssssmmmanmssmnss suwsne -40°Cto 85°C
Maximum Junction Temperature ...........ccoeeueess 125°C  Lead Temperature (Soldering, 10 S€C)........coo..... 300°C
Storage Temperature Range ............... -65°C t0 150°C
PACKAGE/ORDER INFORMATION
ORDER PART — ORDER PART
NUMBER = NUMBER
B TOP VIEW sio [ (8] Voura
e Tele P LTC1661CMS8 sck [2 7] ono LTC1661CN8
D 30 06 Ve LTC1661IMS8 D [3] 5] vee LTC1661IN8
REF 40 5 Vour e [7] 5V
MS8 PACKAGE MS8 PART MARKING
8-LEAD PLASTIC MSOP N8 PACKAGE
Timax = 125°C, 84 = 150°C/W LTDV 8-LEAD PLASTIC DIP
LTDW Tymax = 125°C, B34 = 100°CW

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =25°C. Vgg = 2- V10 5.5V, Vper < Vee, Vour Unloaded unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | M YP MAX | UNITS
Accuracy
Resolution ) 10 Bits
Monotonicity 1V < Vrer € Ve - 0-1V (Note 2) (] 10 Bits
DNL Differential Nonlinearity 1V < Vpee < Ve - 0-1V (Note 2) ® +0.1 0.75 LSB
INL Integral Nonlinearity 1V < Vpee < Ve - 01V (Note 2) L] +0.4 +2 LSB
Vos Offset Error Measured at Code 20 ] +5 +30 mv
Vs Temperature Coefficient +15 nvree
FSE Full-Scale Error Ve =5V, Vgee = 4.096V ® +1 +12 LSB
Full-Scale Error Temperature Coefficient +30 pv/ee
PSR Power Supply Rejection Vrer=2.5V 0.18 LSB/V
Reference Input
Input Voltage Range o 0 Vee \
Resistance Active Mode ® | 140 260 kQ
Capacitance ° 15 pF
IREF Reference Current Sleep Mode ) 0.001 1 LA
Power Supply
Vee Positive Supply Voltage For Specified Performance ®| 27 5.5 \
lec Supply Current Ve =5V (Note 3) ® 120 195 A
Ve =3V (Note 3) 2 95 154 A
Sleep Mode (Note 3) ? 1 3 pA

?



LTC1661

TYPICAL APPLICATIONS

sV o‘ule__L FOR EACH U1 AND U2
S Vy= 7.5V
y '—6 = ] BA:CI;« CODE A | CODE B | AVy, AV,
512 1023 | -250mV
512 512 0
512 0 250mV
CSILD !
Din :
2
SCK

Vi

? . . DRPI'\;\‘ER v,
out
L I 3 Locic _| N
DRIVE
- SROEL ?E 7.5V £250mV
DACB 2A'A & AV 2.5V £250mV
/ | Ve
! £ VI = VL +AVL
3B 7
3 LTC1661 o 9
_i u2 ___—E_O.lpF
| VB Siaecaabl/
DACA
7 R1
Vy' = Vg + — (Vaq =V
W e (Va1 = VB1)
d 3= ’
i |6 Vi e R s, S vg)
INPUT DAC) R2

FOR VALUES SHOWN,

AVy, AV ADJUSTMENT RANGE = +250mV
AVy, AV STEP SIZE = 5001V -

Figure 3. Pin Driver Vy and V| Adjustment in ATE Applications

Vi 2 4.3V
0.1uF
] -
4 e 8 0V TO 4.096V
LTC1258-4.1 REF Vouta[—0 (amviaIT)
3
O— D
2 LTC1661
O— sCK
e 5 T
O— CS/LD Vouts ————0 0V T0 4.096V
(AmV/BIT)
GND

7
1661 FO4

Figure 4. Using the LTC1258 and the LTC1661 In a Single Li-lon Battery Application
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Burr-Brown Products ADS7841

from Texas Instruments

SBAS084B — JULY 2001

12-Bit, 4-Channel Serial Output Sampling
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® SINGLE SUPPLY: 2.7V to 5V The ADS7841 is a 4-channel, 12-bit sampling Analog-to-
® 4-CHANNEL SINGLE-ENDED OR Digital Converter (ADC) with a synchronous serial inter-
2-CHANNEL DIFFERENTIAL INPUT face. The resolution is programmable to either 8 bits or 12

bits. Typical power dissipation is 2mW at a 200kHz through-

® UP TO 200kHz CONVERSION RATE
i g put rate and a +5V supply. The reference voltage (Vgg) can

® +1LSB MAX INL AND DNL be varied between 100mV and V¢, providing a correspond-
® NO MISSING CODES ing input voltage range of OV to Vggr. The device includes
® 72dB SINAD a shutdown mode which reduces power dissipation to under

15uW. The ADS7841 is tested down to 2.7V operation.

Low power, high speed, and on-board multiplexer make the
ADS7841 ideal for battery-operated systems such as per-

® SERIAL INTERFACE
® DIP-16 OR SSOP-16 PACKAGE

® ALTERNATE SOURCE FOR MAX1247 sonal digital assistants, portable multi-channel data loggers,
® ADS7841ES: +125°C Version and measurement equipment. The serial interface also pro-
vides low-cost isolation for remote data acquisition. The
. ADS7841 is available in a DIP-16 or a SSOP-16 package
APPLICATIONS and is specified over the —40°C-to +125°C() temperature
® DATA ACQUISITION . range.
® TEST AND MEASUREMENT NOTE: (1) ES grade only.

® INDUSTRIAL PROCESS CONTROL
® PERSONAL DIGITAL ASSISTANTS
® BATTERY-POWERED SYSTEMS

SAR DCLK
/
le—— CS
CHO O Comparator ' SHDN
CH1 O Four Serial
Channel CDAC Interface |~=—— DIN
CH2 O——= Multiplexer and DOUT
CH3 & Control
] —— MODE
Gt —— BUSY
Vrer O

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2000, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
At Prodchon egécs g tost 1o iy include | TEXAS
testing of all parameters. NSTRUMENTS

www.ti.com



ABSOLUTE MAXIMUM RATINGS®"

~0.3V to +6V
.—0.3V to +V¢ + 0.3V
...=0.3V to +6V

+Vc to GND
Analog Inputs to GND .
Digital Inputs to GND
Power Dissipation
Maximum Junction Temperature ..
Operating Temperature Range ...
Storage Temperature Range ...........
Lead Temperature (soldering, 10s)..

—40°C to +125°C@
.—65°C to +150°C

NOTES: (1) Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. Exposure to absolute maximum
conditions for extended periods may affect device reliability. (2) ADS7841ES

Only. All other grades are: -40°C to +85°C.

PACKAGE/ORDERING INFORMATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas Instru-
ments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

MINIMUM MAXIMUM
RELATIVE GAIN SPECIFICATION PACKAGE
ACCURACY | ERROR TEMPERATURE PACKAGE DRAWING ORDERING TRANSPORT
PRODUCT (LSB) (LSB) RANGE PACKAGE DESIGNATOR NUMBER NUMBER® MEDIA
ADST7841E +2 +4 —40°C to +85°C SSOP-16 DBQ 322 ADS7841E Rails
" " i " " " " ADS7841E/2K5 | Tape and Reel
ADS7841P 2 " —40°C to +85°C DIP-16 N 180 ADS7841P Rails
ADS7841EB +1 +3 —40°C to +85°C SSOP-16 DBQ 322 ADS7841EB Rails
" " " " " " = ADS7841EB/2K5 | Tape and Reel
ADS7841PB +1 " —40°C to +85°C DIP-16 N 180 ADS7841PB Rails
ADST7841ES +2 +4 —40°C to +125°C SSOP-16 DBQ 322 ADS7841ES/2K5 | Tape and Reel

NOTES: (1) Models with a slash (/) are available only in Tape and Reel in the quantities indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces

of “ADS7841E/2K5” will get a single 2500-piece Tape and Reel.

PIN CONFIGURATIONS

Top View DIP
O
Vg E 16 | DCLK
CHO | 2 15| CS
CH1 E 14 | DIN
CH2 E 13 | BUSY
CH3 |5 | e 12 | DOUT
COM | 6 11| MODE
SHDN | 7 10 | GND
Vrer E E +Vee

SSOoP

WVee E s 16 | DCLK

CHO | 2 15| CS

CH1 | 3 14 | DIN

CH2 | 4 13 | BUSY

CH3 | 5 L & 12 | DOUT
COM | 6 11 | MODE
SHDN | 7 10 | GND
Vrer E _9__’ *Vee

PIN DESCRIPTIONS

PIN NAME DESCRIPTION
1 +Vee Power Supply, 2.7V to 5V
2 CHO Analog Input Channel 0
3 CH1 Analog Input Channel 1
4 CH2 Analog Input Channel 2
5 CH3 Analog Input Channel 3
6 COM Ground Reference for Analog Inputs. Sets zero code voltage in single-ended mode. Connect this pin to ground or ground reference
point.
7 SHDN Shutdown. When LOW, the device enters a very low power shutdown mode.
8 Vrer Voltage Reference Input
9 +Vee Power Supply, 2.7V to 5V
10 GND Ground
11 MODE Conversion Mode. When LOW, the device always performs a 12-bit conversion. When HIGH, the resolution is set by the MODE bit in
the CONTROL byte.
12 DOUT Serial Data Output. Data is shifted on the falling edge of DCLK. This output is high impedance when CS is HIGH.
13 BUSY Busy Output. This output is high impedance when CS is HIGH.
14 DIN Serial Data Input. If CS is LOW, data is latched on rising edge of DCLK.
15 cs Chip Select Input. Controls conversion timing and enables the serial input/output register.
16 DCLK External Clock Input. This clock runs the SAR conversion process and synchronizes serial data 1/O.

5 ‘t'c‘ TEXAS
INSTRUMENTS
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THEORY OF OPERATION

The ADS7841 is a classic successive approximation register
(SAR) analog-to-digital (A/D) converter. The architecture is
based on capacitive redistribution which inherently includes
a sample/hold function. The converter is fabricated on a
0.6us CMOS process.

The basic operation of the ADS7841 is shown in Figure 1.
The device requires an external reference and an external
clock. It operates from a single supply 0of 2.7V to5.25V. The
external reference can be any voltage between 100mV and
+V¢c. The value of the reference voltage directly sets the
input range of the converter. The average reference input
current depends on the conversion rate of the ADS7841.

The analog input to the converter is differential and is
provided via a four-channel multiplexer. The input can be
provided in reference to a voltage on the COM pin (which
is generally ground) or differentially by using two of the four
input channels (CHO - CH3). The particular configuration is
selectable via the digital interface.

ANALOG INPUT

Figure 2 shows a block diagram of the input multiplexer on
the ADS7841. The differential input of the converter is
derived from one of the four inputs in reference to the COM
pin or two of the four inputs. Table I and Table Il show the
relationship between the A2, Al, A0, and SGL/DIF control
bits and the configuration of the analog multiplexer. The
control bits are provided serially via the DIN pin, see the
Digital Interface section of this data sheet for more details.

When the converter enters the hold mode, the voltage
difference between the +IN and —IN inputs (see Figure 2) is
captured on the internal capacitor array. The voltage on the
—IN input is limited between —0.2V and 1.25V, allowing the
input to reject small signals which are common to both the
+IN and —IN input. The +IN input has a range of -0.2V to
+Vee + 0.2V

The input current on the amlog inputs depends on the
conversion rate of the device. During the sample period, the
source must charge the internal sampling capacitor (typi-
cally 25pF). After the capacitorhas been fully charged, there
is no further input current. The rate of charge transfer from
the analog source to the converter is a function of conver-
sion rate.

A2 A1 A0 CHO CH1 CH2 CH3 COoM
0 0 il +IN —IN
1 0 1 +IN —IN
0 1 0 +IN —-IN
1 1 0 +IN -IN

TABLE I. Single-Ended Channel Selection (SGL/DIF HIGH)

A2 A1 A0 CHoO CH1 CH2 CH3 COM
0 0 1 +IN —IN
1 0 1 —IN +IN
0 1 0 +IN -IN
1 1 0 —IN +IN

TABLE II. Differential Channel Control (SGL/DIF LOW).

A2-A0
(Shown 001g)

CHO O——
CH1 O- o
CH2 O— o)
CH3 O— o
Converter
—IN
L—o
O
— 0
COM O L
'
SGL/DIF
(Shown HIGH)

FIGURE 2. Simplified Diagram of the Analog Input.

+2.7V to +5V
Q ADS7841
1pF +
o 5L: 0.1pF iILZ ’_——E g DCLK E—(Serial/Conversion Clock
10pF = —= =
= - o—————E CHO Cs 1__5]——<Chip Select
Single-ended —————E CH1 DIN E——(Senal Dataln
or differential O——’_—E CH2 BUSY |13
analog inputs
o———————E CH3 DOUT E——(Seﬁal Data Out
_|_-—'E COM MODE 1__1-|——
”—‘E SHDN GND %-
T#E Vrer +Vee .

0.1pF
b

FIGURE 1. Basic Operation of the ADS7841.
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19-4452; Rev 3: 7/97

Serially Interfaced, 8-Digit LED Display Drivers

General Description

The MAX7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (pPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™, QSPI™, and Microwire™, and has slew-rate-
limited segment drivers to reduce EMI.

A convenient 3-wire serial interface connects to all
common pPs. Individual digits may be addressed and
updated without rewriting the entire display. The
MAX7219/MAX7221 also allow the user to select code-
B decoding or no-decode for each digit.

The devices include a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-
limit register that allows the user to display from-1to 8
digits, and a test mode that forces all LEDs on.

Applications

Bar-Graph Displays
7-Segment Displays
Industrial Controllers
Panel Meters

LED Matrix Displays

Pin Configuration

IV A X1/

Features

® P S S 6 S o o

10MHz Serial Interface

Individual LED Segment Control
Decode/No-Decode Digit Selection

150pA Low-Power Shutdown (Data Retained)
Digital and Analog Brightness Control
Display Blanked on Power-Up

Drive Common-Cathode LED Display

Slew-Rate Limited Segment Drivers
for Lower EMI (MAX7221)

¢ SPI, QSPI, Microwire Serial Interface (MAX7221)
% 24-Pin DIP and SO Packages

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAX7219CNG 0°Cto +70°C 24 Narrow Plastic DIP
MAX7219CWG 0°Cto +70°C 24 Wide SO
MAX7219CID 0°Cto +70°C Dice”

MAX7219ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°Cto +85°C 24 Wide SO
MAX7219ERG -40°C to +85°C 24 Narrow CERDIP

Ordering Information continued at end of data sheet.
“Dice are specified at Tp = +25°C.

Typical Application Circuit

TOP VIEW
(] * N Bl ot n n Doooo0
0,000 '.U.U.'J.L‘.

bico [2] 23] SEGD T ES A T
oG4 [3] [22] seG op +5V

ow [1] s [2] sice 95% £

: v
pics[5] MAX7219  Ja0] stGe T '
MAX7221 IseT DIGO-DIG7
D62 [6] 1] v+ MAXIAA | 8DIEITS
D63 [7] 18] 57 MoS! U o %ﬁ;ﬁ;‘?
D67 [8] [17] sec 6 3 i
T LOAD (CS)
onD [ 9] [16] SeG B
SCK B ok SEG A<G,

IG5 [10] [15] secr ] - SEGDP & SEGMENTS
oi61 1] [14] sEGA GND

= 4

Lo ) [12] [13] cik
R G e () MAX7221 ONLY 8-DIGIT P DISPLAY

SPI and QSPI are trademarks of Motorola Inc. Microwire is a trademark of National Semiconductor Corp.

M AXIM

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, cr phone 1-800-998-880G0.
For small orders, phone 408-737-7600 ext. 3468.
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Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respect to GND)

DIN, CLK, LOAD, CS ..
All Other Pins
Current

DIGO-DIG7 Sink CUMeNt.....cccooiiiiiiieiieene
SEGA-G, DP Source Current.......c.oooevineenne

Continuous Power Dissipation (Ta = +85°C)

Narrow Plastic DIP ..o

Operating Temperature Ranges
MAX7219C_G/MAX7221C_G
MAX7219E_G/MAX7221E_G ...

Lead Temperature (soldering, 10sec)

............. 4. .0.87TW

Storage Temperature Range ..............

............................. +300°C

............. 0°Cto +70°C

..... -40°C to +85°C
...-65°C to +160°C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional

operation of the device al these or any other conditions beyon

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = 5V £10%, RSET = 9.53kQ £1%, TA = TMIN to TMAX, unless otherwise noted.)

d those indicated in the operational sections of the specifications is not implied. Exposure to

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Supply Voltage V+ 4.0 8.5 v
Shutdown Supply Current I+ All digital inputs at V+ or GND, TA = +25°C 150 LA

RSET = Open circuit 8
Operating Supply Current I+ All segments and decimal point on, mA
330
ISEG_ = -40mA
Display Scan Rate fosc | 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current IpigiT | V+ =5V, Vout = 0.65V 320 “mA
Segment Drive Source Current ISEG | TA = +25°C, V+ = 5V, VouT = (V+ -1V) -30 -40 -45 mA
Segment Current Slew Rate
SEG A= 30, V+= ' b ¥
(MAX7221 only) AISEG/AL | TA = +25°C, V+= 5V, VouT = (V+ - 1V) 10 20 50 mA/us
Segment Drive Current Matching|  AISEG 3.0 %
Digit Drive Leakage .
5 f =V -1
(MAX7221 only) IpiciT | Digit off, VDIGIT 0 LA
Segment Drive Leakage
S ¢ ff, V. =0V
(MAX7221 only) Iseg | Segment off, VSEG = 0 1 LA
Digit Drive Source Current .
ff, = (V+-0.3V Y
(MAX7219 only) oIt | Digitoff, VpIGIT (V+-0.3V) 2 mA
Segment Drive Sink Current
ff, Vseg = 0.3V 5
(MAX7219 only) ISEG Segment off, VSEG = 0 mA
ANAXIVI



Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS (continued)

(V+ = 5V £10%, RseT =9.53kQ £1%, Ta = TMIN to TMAX. unless otherwise noted.)

PARAMETER | SYMBOL l CONDITIONS MIN TYP  MAX | UNITS
LOGIC INPUTS
'L”g:t;%em DIN, GLIS, | Vin = OV or v 4 1 VA
Logic High Input Voltage VIH 3.5 \Y
Logic Low Input Voltage ViL 0.8 v
Output High Voltage VOH DOUT, ISQURCE = -TmA V+ -1 \Y
Output Low Voltage VoL DOUT, Isink = 1.6mA 0.4 \Y
Hysteresis Voltage AVI | DIN, CLK, LOAD, CS 1 v
TIMING CHARACTERISTICS
CLK Clock Period tcp 100 nsﬁ
CLK Pulse Width High tCH 50 ns
CLK Pulse Width Low tCcL 50 ns
TS Fall to SCLK Rise Sewp Time| - s
(MAX7221 only)
CLK Rise 0 CSor LOAD Rise ol S s
Hold Time
DIN Setup Time tps 25 ns
DIN Hold Time tDH 0 ns
Output Data Propagation Delay tbo CLOAD = 50pF 25 ns
ngd-Rising Edge to Next Clock T 50 ns
Rising Edge (MAX7219 only)
Minimum TS or LOAD Pulse 4 =, s
High
Data-to-Segment Delay tDSPD 2.25 ms

3
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.
5 3 5-8 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7219 pulls
'1 O, 1 ' DIG 0-DIG 7 the digit outputs to V+ when turned off. The MAX7221’s digit drivers are high-impedance when
' turned off.
4,9 GND Ground (both GND pins must be connected)
LERD Load-Data Input. The last 16 bits of serial data are latched on LOAD's rising edge
b (MAX7219) put g edge.
CS Chip-Select Input. Serial data is loaded into the shift register while CSis low. The last 16 bits of
(MAX7221) serial data are latched on CS's rising edge.
Serial-Clock Input. 1T0MHz maximum rate. On CLK's rising edge, data is shifted into the inter-
13 CLK nal shift register. On CLK’s falling edge, data is clocked out of DOUT. On the MAX7221, the

CLK input is active only while CSis low.

14-17 SEG A-SEG G Seven Segment Drives and Decimal Point Drive that source current to the display. On the
' : MAX7219, when a segment driver is turned off itis pulled to GND. The MAX7221 segment dri-

20-23 DF vers are high-impedance when turned off.
g p
18 ISET Connect to Vpp through a resistor (RSET) to set the peak segment current (Refer to Selecting
RsET Resistor section).
19 V+ Positive Supply Voltage. Connect to +5V.
24 DOUT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used
to daisy-chain several MAX7219/MAX7221’s and is never high-impedance.
Functional Diagram
SEG A-SEG G, DP DIG 0-DIG 7
SEGMENT DRIVERS DIGIT DRIVERS
Y T * 8
A8 —»| SHUTDOWN REGISTER i
CODEB  |<— 5|  MODEREGISTER INTENSITY
Vs ROM WITH ol it
BYPASS | INTENSITY REGISTER > \WIDTH
RsgT 4& | SCAN-LIMIT REGISTER MODULATOR
N SEGMENT 18 || DISPLAY-TEST REGISTER
CURRENT 8x8
REFERENCE DUAL-PORT [ L MULTIPLEX
SRAM SCAN
i ADDRESS CIRCUITRY
_ 8 8 REGISTER
LOAD (€S) > DECODER

4

—
oy »———| 0o b1 ] 02 [03] o4 | Ds [ 06 [ 07| 08| D9 |mo|m1lo12]m3|o14|ms|_|_-> DouT
f)*fffofffffo

(LSB

CLK B— MSB)

() MAX7221 ONLY

S AXIM
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Serially Interfaced, 8-Digit LED Display Drivers

Table 5. Code B Font

REGISTER DATA ON SEGMENTS =1
7-SEGMENT
CHARACTER | p7* | D6-D4 | D3 | D2 | D1 | DO | DP*| A B c D E F G
0 X 0 0 0 0 1 1 1 1 1 1 0
1 X 0 0 0 1 0 1 1 0 0 0 0
2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 1 1 1 1 1 1 0 0 1
4 X 0 1 0 0 0 1 1 0 0 1 1
5 X 0 1 0 1 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 0 0
8 X 1 0 0 0 1 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
i X 1 0 1 0 0 0 0 0 0 0 1
E X 1 0 1 1 1 0 0 1 1 1 1
H X 1 1 0 0 0 1 1 0 1 1 1
L X 1 1 0 1 0 0 0 1 1 1 0
P X 1 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 1 0 0 0 0 0 0 0

*The decimal point is set by bit D7 =1

Table 6. No-Decode Mode Data Bité and

Corresponding Segment Lines

— STANDARD 7-SEGMENT LED

REGISTER DATA

D7 | D6 | D5 | D4 | D3 | D2

D1

DO

Corresponding owlalelc|polE

Segment Line

Intensity Control
and Interdigit Blanking
The MAX7219/MAX7221 allow display brightness to be
controlled with an external resistor (RsgT) connected
between V+ and ISET. The peak current sourced from
the segment drivers is nominally 100 times the current
entering ISET. This resistor can either be fixed or vari-
able to allow brightness adjustment from the front
panel. Its minimum value should be 9.53Q, which typi-
cally sets the segment current at 40mA. Display bright-
ness can also be controlled digitally by using the
intensity register.

Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
maximum of 31/32 down to 1/32 of the peak current set
by RseT (15/16 to 1/16 on MAX7221). Table 7 lists the
intensity register format. The minimum interdigit blank-
ing time is set to 1/32 of a cycle.

SAAXIMN
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Serially Interfaced, 8-Digit LED Display Drivers

AND2307SLC AND2307SLC
5 I ANODE DP > ["ANODE 0P
T} ANODE A 7 | ANODE A
91 ANODEF 9| ANODE F
16 ANODE B ]Z ANODE B
91 ANODEG ANODE G
42 ANODE C 42 ANODE C
7 ANODE E ; ANODE E
N55248 ANODE D ANODE D
5.6V 5% 7] CATHODE CATHODE
8 8
2
S
E
~ £
51 mazam 5
15| S8 amx7219 19
SEGF | wx7201 ® 47k
1 SEGA L SAVAVAVE ]
22 30k ¢
SEG DP "'\m\’
P 18 ]
GND IsFT > 4
9 NC1
GND
> 7 3 l
&— | Ne2 - IRF540 [
& < 2 1] mmaam
DATAIN > N 0G0 (=9 N Aaxsor
LOAD (€S) >, | o ©s) DIG1 5] IN2 comz |2
CLOCK B———— CLK SN
NO2
5
*4.7kC2 PULL-UP REQUIRED FOR MAX7221 Ey ———‘ IRF540
() MAX7221 ONLY

Figure 2. MAX7219/MAX7221 Driving 2. 3-Inch Displays
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Serially Interfaced, 8-Digit LED Display Drivers

lll 0 goo0 llllll OQOOo00
lllll l,l_l_l.l,l_!_ lllll_llllll_l_j
r T T T T T 1 N N
|
8 8 8y 8
DATA IN 3>——| DIN DouT DIN DoUT
o— DIGO SEGD | o DIGO SEGD |9
o— DIG4 SEGDP |9 o— DG4 SEGDP 9
GND SEGE |9 GND SEGE |—9
o DiG6 SECC 9 s o DIG6 SEGC o 2
o niG2 Ve ! | DiG2 Vi 4
o— 063 ISET o— D63 ISET
6 niG7 SEGG |- 99 o nic7 SEGG & 953k
GND SEGB |9 GND SEGB |—#
- o DIG5 SEGF 9 —— @—{ DIG5 SEGF |—®
— Yoee SEGA | AL — L oea SEGA | MMAXIM
_[_ LOAD (C5) oK %ﬁgﬁ J— LOAD (CS) CLK f— %ﬁ%ﬁ;
LOAD DATA b—8-
() MAX7221 ONLY CLOCK B>

Figure 3. Cascading MAX7219/MAX7221s to Drive 16 7-Segment LED Digits
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SGS-THOMSON
MICROELECTRONICS

M54HC595
M74HC595

8 BIT SHIFT REGISTER WITH OUTPUT LATCHES (3 STATE)

s HIGH SPEED
fmax = 55 MHz (TYP.) AT Vcc =5V

s LOW POWER DISSIPATION
lcc =4 pA (MAX.)AT TA=25°C

s HIGH NOISE IMMUNITY
VNIH = VniL = 28 % Ve (MIN.)

a OUTPUT DRIVE CAPABILITY
15 LSTTLLOADS FOR QA TO QH
10 LSTTL LOADS FOR QH’

a2 SYMMETRICAL OUTPUT IMPEDANCE
|loH] = loL =6 mA (MIN.) FOR QA TO QH
lon] = loL =4 mA (MIN.) FOR QH’

= BALANCED PROPAGATION DELAYS
tPLH = tPHL

a WIDE OPERATING VOLTAGE RANGE
Vee (OPR)=2VTO6 V

a PIN AND FUNCTION COMPATIBLE
WITH LSTTL 54/74LS835

DESCRIPTION

The M54/74HC595 is a high speed CMOS 8-BIT
SHIFT REGISTERS/OUTPUT LATCHES (3-
STATE) fabricated in silicon G°MOS technology. It
has the same high speed performance of LSTTL
combined with true CMOS low power consumption.
This device contains an 8-bit serial-in, paralletout
shift register that feeds an 8-bit D-type storage reg-
ister. The storage register has 8 3-STATE outputs.
Separate clocks are provided for both the shift reg-
ister and the storage register.

The shift register has a direct-overriding clear, serial
input, and serial output (standard) pins for cascad-
ing. Both the shift register and storage register use
positive-edge triggered clocks. If both clocks are
connected together, the shift register state will al-
ways be one clock pulse ahead of the storage reg-
ister.

All inputs are equipped with protection circuits
against static discharge and transient excess volt-
age.

April 1993

B1R F1R
(Plastic Package) (Ceramic Package)
M1R C1R
(Micro Package) (Chip Carrier)
ORDER CODES :
M54HC595F 1R M74HC595M1R
M74HC595B1R M74HC595C1R

PIN CONNECTIONS (top view)

GB

Qc

Qb

QE

aF

QG

QH

GND

ap
QE
NC
QF
oG

NC =
No Internal
Connecton

NS

B e
[ ] 0a
Bl g s1
2 5 %
E ] rex
Bl bl scx
2 o SCUR
b ] o

s3-7086N

33883
/SRS |
ig nf] st
15 wl ©
ap [} wC
12 s[] ReR
s w[] scr
i 1

NC
an’
CR [Is

aH  [Je

oNno [Js
u]
s
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M54/M74HCS595

INPUT AND OUTPUT EQUIVALENT CIRCUIT

INPUT

Vee Vee ‘g-——-l
1
1

GND ==

TRUTH TABLE

INPUTS

OUTPUT

RCK

@
0
[2)
=

QA THRU QH OUTPUTS DISABLE

QA THRU QH OUTPUTS ENABLE

SHIFT REGISTER IS CLEARED

[ XXX
XXX X

X X |- |Te|

FIRST STAGE OF S.R. BECOMES "L” OTHER STAGES
STORE THE DATA OF PREVIOUS STAGE, RESPECTIVELY

FIRST STAGE OF S.R. BECOMES "H” OTHER STAGES
STORE THE DATA OF PREVIOUS STAGE, RESPECTIVELY

STATE OF S.R IS NOT CHANGED

X [{X| T

S.R. DATA IS STORED INTO STORAGE REGISTER

w
<Ixlzl = | = r-><><r"3l
P

R e e T R T R B
ik EES

X

XX [X| X

STORAGE REGISTER STATE IS NOT CHANGE=D

X:DON'T CARE

LOGIC DIAGRAM

SERIAL IN
SCK

& SYAGE 9 SERIAL OUT

SHIFT REGISTER QH!

o o]

RCK —R

STORAGE REGISTER

8-BIT

3-STATE =
BUFFER ;CN% :g

15| 1| 2[ 3] 4[ 5| sl 7[

QA OB QC QD QE QF QG QH

S$-10070

PARALLEL OUTPUTS

2/13
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M54/M74HC595

LOGIC DIAGRAM

=D
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TIMING CHART
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