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80188
HIGH INTEGRATION 8-BIT MICROPROCESSOR

i n U '

■ Integrated Feature Set
— Enhanced 8086-2 CPU
— Clock Generator
— 2 Independent DMA Channels
— Programmable Interrupt Controller
— 3 Programmable 16-Bit Timers
— Programmable Memory and 

Peripheral Chip-Select Logic
— Programmable Walt State Generator
— Local Bus Controller

■ 16-Blt Internal Architecture with 8-Blt 
Data Bus Interface

■ High-Performance 8 MHz Processor
— At 8 MHz Provides 2 Times the 

Performance of the Standard 8088
— 2 MByte/Sec Bus Bandwidth 

Interface @8 MHz
■ Direct Addressing Capability to

1 MByte of Memory and 64 KByte I/O

■ Completely Object Code Compatible 
with All Existing 8086/8088 Software 
— 10 New Instruction Types

■ Complete System Development 
Support
— Development Software: ASM86 

Assembler, PL/M-86, Pascal-86, 
Fortran-86, C-86, and System Utilities

— In-Clrcuit-Emulator (|2|CEtm-186/188)
■ High Performance Numerical 

Coprocessing Capability Through 8087 
Interface

■ Available in 68 Pin:
— Ceramic Leadless Chip Carrier (LCC)
— Ceramic Pin Grid Array (PGA)
— Plastic Leaded Chip Carrier (PLCC)
(See Packaging Oul/mes and Dimensions. Order #231369)

■ Available In EXPRESS
— Standard Temperature with Burn-In
— Extended Temperature Range 

( —40*C to +85*C)
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Order Number. 210706*010

80188

Tho Intel 80188 is a highly integrated microprocessor with an 8-bit data bus interface and a 16-bit internal 
architecture to give high performance. The 80188 effectively combines 15-20 of the most common 8088 
system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
8088. The 80188 is upward compatible with 8086 and 8088 software and adds 10 new instruction types to the 
existing se t
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80188

Table 1.80188 Pin Description

Symbol Pin No. Type Name and Function

Vcc 9
43

I
1

SYSTEM POWER: + 5 volt power supply.

VSs 26
60

1
1

SYSTEM GROUND

RESET 57 0 RESET OUTPUT: Indicates that the 80188 CPU is being reset, and 
can be used as a system reset. It is active HIGH, synchronized with 
the processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal.

X1 59 1 CRYSTAL INPUTS: X1 and X2 provide external connections for a
X2 58 0 fundamental mode parallel resonant crystal for the internal 

oscillator. Instead of using a crystal, an external clock may be 
applied to X1 while minimizing stray capacitance on X2. The input 
or oscillator frequency is Internally divided by two to generate the 
clock signal (CLKOUT).

CLKOUT 56 0 CLOCK OUTPUT: Provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative to CLKOUT.

RES 24 1 PROCESSOR RESET: Causes the 80188 to immediately terminate 
its present activity, clear the internal logic, and enter a dormant 
state. This signal may be asynchronous to the 80188 clock. The 
80188 begins fetching instructions approximately 6% clock cycles 
after RES is returned HIGH. For proper initialization, Vcc must be 
within specifications and the clock signal must be stable for more 
than 4 clocks with RES held low. RES is internally synchronized. 
This input is provided with a Schmltt-triqqer to facilitate power-on 
RES generation via an RC network. When RES occurs, the 80188 
will drive the status lines to an inactive level for one clock, and then 
float them.

TEST 47 1 TEST: Is examined by the WAIT instruction. If the TEST input is 
HIGH when ‘‘WAIT" execution begins, instruction execution will 
suspend. TEST will be resampled until it goes LOW, at which time 
execution will resume. If interrupts are enabled while the 80188 Is 
waiting for TEST, Interrupts will be serviced. This input is 
synchronized internally.

TMR IN 0 20 1 TIMER INPUTS: Are used either as clock or control signals.
TMR IN 1 21 1 depending upon the programmed timer mode. Those inputs are 

active HIGH (or LOW-to-HIGH transitions are counted) and 
Internally synchronized.

TMROU7 0 22 0 TIMER OUTPUTS: Are used to provide single pulse or continuous
TMR OUT 1 23 0 waveform generation, depending upon the timer mode selected.
DRQO 16 1 DMA REQUEST: Is asserted HIGH by an external device when it is
DRQ1 19 1 ready for DMA Channel 0 or 1 to perform a transfer. These signals 

are level-triggered and internally synchronized.
NMI 46 1 NON-MASKABLE INTERRUPT: Causes a Type 2 interrupt. An NMI 

transition from LOW to HIGH is latched and synchronized Internally, 
and Initiates the interrupt at the next instruction boundary. NMI 
must be asserted for at least one clock. The Non-Maskable 
Interrupt cannot be avoided by programming.

INTO 45 1 MASKABLE INTERRUPT REQUESTS: Can be requested by
INT1 44 1 activating one of these pins. When configured as Inputs, these pins
INT2/INTA6 42 I/O are active HIGH. Interrupt Requests are synchronized internally.
INT3/INITA1 41 I/O INT2 and INT3 may be configured to provide active-LOW interrupt- 

acknowledge output signals. All interrupt inputs may be configured 
to be either edge- or level-triggered. To ensure recognition, all 
Interrupt requests must remain active until the interrupt is 
acknowledged. When slave mode Is selected, the function of these 
pins changes (see Interrupt Controller section of this data sheet).
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Table 1.80188 Pin Description (Continued)
Symbol Pin No. Type Name and Function

A19/S6 65 O ADDRESS BUS OUTPUTS (16-19) and BUS CYCLE STATUS (3 -
A18/S5 66 O 6): Indicate the four most significant address bits during T*. These
A17/S4 67 O signals are active HIGH. During T;>, T3, Tyy. and T4, status
A16/S3 68 O information is available on these lines as encoded below:

Low High
S6 Processor Cycle DMA Cycle

S3, S4, and S5 are defined as LOW during T9-T 4. The status pins
float during HOLD/HLDA.

AD7 2 I/O ADDRESS/DATA BUS (0-7): Signals constitute the time multiplexed
AD6 4 I/O memory or I/O address (T<) and data (Tj, T3, Tw . and T i) bus. The
ADS 6 I/O bus is active HIGH.
AD4 8 I/O
AD3 11 I/O
AD2 13 I/O
AD1 15 I/O
ADO 17 I/O
A15 1 O ADDRESS-ONLY BUS (8-15): Containing valid address from Ti-Tj.
A14 3 O The bus is active HIGH.
A13 5 O
A12 7 O
A11 10 O
A10 12 O
A9 14 O
A8 16 O
S7 64 O This signal is HIGH to indicate that the 80188 has an 8-bit data bus.

S7 floats during HOLD.
ALE/QS0 61 O ADDRESS LATCH ENABLE/QUEUE STATUS 0: Is provided by the

80188 to latch the address. ALE is active HIGH. Addresses iare
guaranteed to be valid on the trailing edge of ALE. The ALE rising
edge is generated off the rising edge of the CLKOUT immediately
preceding T\ of the associated bus cycle, effectively one-half clock
cycle earlier than in the 8088. The trailing edge Is generated off the
CLKOUT rising edge in Ti as in the 8088. Note that ALE is never
floated.

WR/QS1 63 0 WRITE STROBE/QUEUE STATUS 1: Indicates that the data on the
bus is to be written into a memory or an I/O device. WR is active for
T2, Ts, and Tw of any write cycle. It is active LOW, and floats during
HOLD. When the 60188 is in queue status mode, the ALE/OSO and
WR/QS1 pins provide information about processor/instruction
queue interaction.

QS1 QS0 Queue Operation
0 0 No Queue Operation
0 1 First Opcode Byte Fetched

from the Queue
1 1 Subsequent Byte Fetched

from the Queue
1 0 Empty the Queue
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Table 1.80188 Pin Description (Continued)
Symbol Pin No. Type Name and Function

RB/55KiD 62 I/O READ STROBE: Is an active LOW signal which indicates that the
80188 is performing a memory or I/O read cycle. It is guaranteed not
to go LOW before the A/O bus is floated. An internal pull-up ensures
that RT5 is HIGH during RESET. Following RESET the pin is sampled
to determine whether the 80108 is to provide ALE, R0, and WR, or
queue status information. To enable Queue Status Mode, RC must
be connected to GND. RB will float during bus hold.

ARDY 55 1 ASYNCHRONOUS READY: Informs the 80188 that the addressed
memory space or I/O device will complete a data transfer. The
AROY pin accepts a rising edge that is asynchronous to CLKOUT
and Is active HIGH. The falling edge of ARDY must be synchronized
to the 80188 clock. Connecting ARDY HIGH will always assert the
ready condition to the CPU. If this line is unused, it should be tied
LOW to yield control to the SRDY pin

SRDY 49 1 SYNCHRONOUS READY: Informs the 80188 that the addressed
memory space or I/O device will complete a data transfer. The
SRDY pin accepts an active-HIGH input synchronized to CLKOUT.
The use of SRDY allows a relaxed system timing over ARDY. This is
accomplished by elimination of the one-half clock cycle required to
internally synchronize the ARDY input signal. Connecting SRDY high
will always assert the ready condition to the CPU. If this line is
unused, it should be tied LOW to yield control to the ARDY pin.

LOCK 48 0 LOCK: Output indicates that other system bus masters are not to
gain control of the system bus while LOCK is active LOW. The LOCK
signal is requested by the LOCK prefix instruction and is activated at
the beginning of the first data cycle associated with the instruction
following the LOCK prefix. It remains active until the completionof
that instruction. No instruction prefetching will occur while LOCK is
asserted. When executing more than one LOCK instruction, always
make sure there are 6 bytes of code between the end of the first
LOCK instruction and the start of the second LOCK instruction.
LOCK is active LOW, is driven HIGH for one clock during RESET,
and then floated.

55 52 0 BUS CYCLE STATUS 59-52: Are encoded to provide bus-
5T 53 0 transaction information:
53 54 0 80188 Bus Cycle Status Information

52 57 53 Bus Cycle Initiated
0 0 0 Interrupt Acknowledge
0 0 1 Read I/O
0 1 0 Write I/O
0 1 1 Halt
1 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (no bus cycle)

The status pins float during “ HOLD."
52 may be used as a logical M/lO indicator, and 5T as a DT/R
indicator.
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Table 1.80188 Pin Description (Continued)

Symbol Pin No. Type Name and Function
HOLD (input) 
HLDA (output)

50
51

I
O

HOLD: Indicates that another bus master is requesting the local bus. 
The HOLD input is active HIGH. HOLD may be asynchronous with 
respect to the 80188 clock. The 80188 will issue a HLDA in response 
to a HOLD request at the end of T4 or T|. Simultaneous with the 
Issuance of HLDA, the 80188 will float the local bus and control 
lines. After HOLD is detected as being LOW, the 80188 will lower 
HLDA. When the 80188 needs to run another bus cycle, it will again 
drive the local bus and control lines.

DCS 34 O UPPER MEMORY CHIP SELECT: Is an active LOW output 
whenever a memory reference is made to the defined upper portion 
(1K-256K block) of memory. This line is not floated during bus 
HOLD. The address range activating DCS is software programmable.

DCS 33 O LOWER MEMORY CHIP SELECT: Is active LOW whenever a 
memory reference is made to the defined lower portion (1K-256K) 
of memory. This line is not floated during bus HOLD. The address 
range activating CCS is software programmable.

mCSS
F/CS1
UUSi
f7C33

38
37
36
35

0
0
0
0

MID-RANGE MEMORY CHIP SELECT SIGNALS: Are active LOW 
when a memory reference is made to the defined mid-range portion 
of memory (8K-512K). These linesare not floated during bus HOLD. 
The address ranges activating MCS6-3 are software programmable.

PCS5
PCST
PCS2
PC33
Fc34

25
27
28
29
30

0
0
0
0
0

PERIPHERAL CHIP SELECT SIGNALS 0-4: Are active LOW when 
a reference is made to the defined peripheral area (64K byte I/O 
space). These lines are not floated during bus HOLD. The address 
ranges activating PCSS-4 are software programmable.

PCS$/A1 31 0 PERIPHERAL CHIP SELECT 5 or LATCHED A1: May be 
programmed to provide a sixth peripheral chip select, or to provide 
an internally latched A1 signal. The address range activating PCS5 is 
software programmable. When programmed to provide latched A1, 
rather than PCS5, this pin will retain the previously latched value of 
A1 during a bus HOLD. A1 is active HIGH. I

PC55/A2 32 0 PERIPHERAL CHIP SELECT 6 or LATCHED A2: May be 
programmed to provide a seventh peripheral chip select, or to 
provide an internally latched A2 signal. The address range activating 
PCSd Is software programmable. When programmed to provide 
latched A2, rather than PCS5, this pin will retain the previously 
latched value of A2 during a bus HOLD. A2 is active HIGH.

DT/R 40 0 DATA TRANSMIT/RECEIVE: Controls the direction of data flow 
through an external data bus transceiver. When LOW, data is 
transferred to the 80188. When HIGH the 80188 places write data on 
the data bus.

BETC 39 0 DATA ENABLE: Is provided as a data bus transceiver output enable. 
DEN is active LOW during each memory and I/O access. DEN is 
HIGH whenever DT/R changes state.
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FUNCTIONAL DESCRIPTION

Introduction
The following Functional Description describes the 
base architecture of the 80188. The 80188 is a very 
high integration 8-bit microprocessor. It combines
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8088. Tho 80188 is ob­
ject code compatible with the 8086, 8088 microproc­
essors and adds 10 now instruction typos to the 
8086, 8088 instruction sot.

80188 BASE ARCHITECTURE
Tho 6086, 8088, 80186, 80188 and 80?86 family all 
contain tho same basic sot of registers, instructions, 
and addressing modos. The 80188 processor is up­
ward compatible with the 8006, 8088, 80188, and 
80288 CPUs

Register Set
Tho 80188 baso architocturo has fourtoon rogistors 
as shown in Figuro* 3a and 3b. Theso rogistors aro 
groupod into tho following categories.

GENERAL REGISTERS

Eight 16-bit general purpose registers may be used 
for arithrnotc ant) logical oporands. Four of these 
(AX, QX, CX. and DX) con be used as 16-bit rogistors 
or split into pairs of soparato 8-bit rogistors.

SEGMENT REGISTERS

Four 16-bit special purpose rogistors select, at any 
given time, the segmonts of memory that are imme­
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.)

BASE AND INDEX REGISTERS

Four of the general purpose registers may also be 
usod to determine offset addrossos of operands m 
memory. These register* may contain baso addross­
os or indfues to particular locations withm a sog- 
mont. The addressing mode selects the specific reg­
isters for operand and address calculations

STATUS AND CONTROL REGISTERS

Two 18-txt special purpose register* record or alter 
certain aspects of the 80188 processor state These 
aro tho Instruction Pointer Rogistor, wtveh contains 
tho offset address of the ne»t sequential instruction 
to be executed, and the Status Word Register, whch 
contains status and control flag tuts (see Figuros 3a 
and 3b).

STATUS WORD DESCRIPTION

Tho Status Word records specific characteristics of 
tho rosult of logical and arithmetic instructions (bits
0. 2, 4, 6. 7. and 11) and control* the oporation of 
the 80188 withm a g>von operating mode (bits 8. 9.
anJ 10). Status W ivJ P.ugiiiivr >» .0 ! " ! \  n .J ;. 
Tho function of tho S tn tj:. •'•ord bits .s shown in 
Tablo 2.

rime, non*

lA um ciriM

MCfawa'itiAt

MOMTNI MfOtrTMt

OOOf M U C O *

OAtAMOMf*f Mt!CTO»

ft* ra

|«r«U ICOmCNT M ifCTO*

• TATVt mromo

Figure 3a. 80168 Register Set
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Figure 3b. S tatu* W ord Format

Table 2. S ta tu* W ord Bit Function*

Dll
P o tltio n

Nam* Function

0 CF Cany Flag—Sot on high-ordor 
Cxi carry or borrow: cleared 
otherwise

2 PF Parity Flag—Sol if low-ordor 
8 bits of rosult contain an ovon 
numbor of 1-bitS. Cloarod 
othorwise

4 AF Sot on carry from or borrow to 
the low order lour bits of AL; 
cleared othorwiso

6
1

ZF Zero Flag— Sot If result is zoro; 
cloarod otnerwiso

7 SF Sign Flag— Set equal to high, 
ordor bit of result (0 if positive, 
1 if negative)

8 TF Single Slep Flag— Onco set. a 
single stop Interrupt occurs 
after the noxt instruction 
executes. TF is cleared by the 
single step interrupt

e IF Intorrupt Enable Flag— When 
sot, maskablo intorrupts will 
cause tho CPU to transfer 
control to an interrupt vector 
specified location.

10 DF Direction Flag—Causes string 
instructions to auto decromont 
the appropriate index rogister 
when set. Clearing DF causes 
auto increment.

11 OF Overflow Flag— Set if the 
signed result cannot bo 
expressed within the number 
of bits in the dostmation 
operand; cloarod otherwise

Instruction  Set
Tho instruction set is dividod into seven catogonos: 
data transtor, anthmotiC. shifi/rotate/logical. stnng 
manipulation, control transfer, high-lovol instruc­
tions. and processor control. These catogonos are 
summarized in Figuro 4.

An 80188 instruction can roforonce anywhere from 
roro to sevoral operands An oporand can rosido in 
a rogistor, in tho instruction itsolf, or m memory. Spe­
cific oporand addrossmg modes are discussed lator 
m this data shoot.

Memory Organization
Momory is organrzod in seta of segments. Each seg- 
mont is a linear contiguous sequence of up to 64 K 
(21®) 8-brt byto*. Momory is addrossed using a two- 
componont addross (a pointer) that consists of a 16- 
btt base sogment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registors (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size.

All instructions that address oporands in memory 
must specify the base sogment and tho 16-bit offset 
value. For speed and compact instruction oncodmg, 
the sogment register used for physical address gen­
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to exiernal data areas.

Spocial sogment override instruction prefixes allow 
the implicit segment register selection rules to bo 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs.
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GENERAL PURPOSE MOVS Move byte or word stnng

:

MOV Move byte or word INS Input byles or word stung
PUSH Push word onto stack OUTS Output bytes Of word string
POP Poo word oft slack CMPS Compare byte or word stnng
PUSHA Push all registers on stack

SCAS Scan byte or word ttnng
POPA Pop ail registers Irom stack

LOOS Load byte or word stnng
XCHG Exchange byte or word

STOS Store byte Of word stnngXLAT -« I • •

INPUT/OUTPUT REP Repeat

IN Input byte or word REPE/REPZ Repeat wtvle equal/zero

OUT Output byla or wofd REPNE/REPNZ Repeal wt*ie not e<jual/not »ero

ADDRESS OBJECT LOGICAL)

LEA Load effective add'ots NOT "Not" byte or word

LOS Load pooler using DS AND "And" byte or word

LES load poster using E S OR "Inclusive or" byla or word
XOR "Exclusive of” byla or word
TEST "Test" byte or word

LAHF Load AM register from nags
SHIFTS

SamF Store AH register m (tigs SHL/SAL Shift logical/arit/vnet>e left byfe or wo»d
PUSHF Push flags onto stack SHR Shift log<al right byie Of word
POPF Poo flags o« stae* SAR Shift arithm etic ngtrt byla  Of word

ADDITION ROTATES
ADO ArtO byte of word ROL Rotate left byte Of word
AOC Ar>d byte Of word with carry ROR Rotate nght byte or word
INC Increment byle Of word by 1 RCL Rotate through carry left byte Of wo'd
AAA ASCII adiust lor addition RCR Rotate through camy right byte or word
DAA Decimal adiust lot addition FLAG OPERATIONS

SUBTRACT ION o i l 1*>I C4MV ll4<J

SUB Subtract byt« Of word CLC Clear carry llag
sno Subtract byto Of word with borrow CMC Complement carry llag
DEC Decrement byla or word by 1 STD Sat direction flag

NEO Negate byte or word CIO Clear direction flag
CMP Compare byte or word STI Set interrupt enable flag
AAS ASCII ad|utt lor subtraction CLI Clear interrupt onable flag
OAS Decimal adjust lor subtraction EXTERNAL SYNCHRONIZATION

MULTIPLICATION HLT Halt until Interrupt or reset
MUL Multiply byte or word unsigned WAIT Wait for T£5T pm active
IMUL Integer multiply byte or word ESC Escape to extension processor
AAM ASCII adjust lor multiply LOCK Lock bus during next instruction

DIVISION NO OPERATION
DIV Otvido byte or word unsignod NOP | No oporalion
IDIV Intogor dtvido byte of word HIGH LEVEL INSTRUCTIONS
AAO ASCII ad|ust lor division ENTER Format stack lor procedure ontry
C0W Convert byte to word LEAVE Restoro stack tor proceduro Oxit
CWO Convert word to doubleword BOUND Detocts values outsido presenbed range

Figure 4.8018$ Instruction Set
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CONDITIONAL TRANSFERS JO Jump it overflow

JA/JNDE Jump il abovo/not below nof eoual JP/JPE Jump it panty/panty oven

JAC/JN3 Jump il above or eouairnot bmow JS Jump it t»fln

Jn/JNAC Jump it helnw/not above nor eoual UNCONDITIONAL TRANSFERS

jn p /jN A Jump it bo'ow or eouel/not abovo CALL Call procedure

JC Jump it carry RET Return liom procedure

JE/JZ Jump it erjual/re*o JMP Jump

JG/JNLE Jump it prealer/not less nor eoual ITERATION CONTROLS

JGE/JNl Jump it greater Of eoual/not lets LOOP Loop

JL/JNOE Jump it lessrnol g'cater nor efMal LOOPE/LOOPZ Loop it *c-ial/jcro

JIE/JNG Jump il lest or eou*l/not grea'ef lOOPNE/lOOf’NZ Loop it not noual'not iero

JUC Jump it not rairy JCXZ Jump it reg-iter CX « 0

JU t'lH Z Jump it not •oa irno l >•'0 INTERRUPTS

Jl.O Jump it not overflow INT Interrupt

JNP/JPO Jump •' not ptrity/paMf 0»>»l INTO Interrupt it overflow

J’ .S >imo il not t-jn m i:r Interrupt return

F . ju rc  4. 0011b Instruction  S«?t fC jn 'm uc J)

To aocoss operand* that do not ro»*do in ono ol the 
tour tmmoa fiicly av.i'iabie segments. a lull 3 2 t* t 
DOintor can bo usnd to roiono bo'.h tho baso tv g -  
mont) and offsot v.Vuos

jioro«-»

Figure 5. Tw o Com ponent Addrea t

Table 3. Segment Register Selection Rule*

M emory
Reference

Needed

Segment
R egister

Used

Im plic it Segment 
Selection Rule

Instructions

Stack

External
Data
(Global)

Local Oata

Codo (CS) 

Stack (SS)

Extra (ES) 

Data (DS)

Instruction prolotch and 
immediate data.
All stack pushes and 
pops; any momory 
roloroncos which uso BP 
Rogister as a baso 
register.
All string instruction 
releronces which use 
the Dl register as an 
index.
All other data reloroncos. S tructure Software
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Addressing Modes
Tho 80188 provides eight categories ol addressing 
modes to spoctly operands. Two addressing modes 
aro providod lor instructions that operate on register 
or Immodiato oporands:
•  Rngistor Operand Mode: Tho oporand is locatod 

In one ol tho 8- or 16-bit gonoral rogistors.
•  Immediate Operand Mode: Tho oporand is in­

cluded in tho instruction.

Six modos aro providod to spo rty  tho location o l an 
oporand in a momory sogment. A memory oporand 
oddross consists ol two 16-b«l compononts; a sog­
ment baso and an offset. Tho segment baso is sup­
plied by a 16-blt sogmont rogistor oithor implicitly 
choson by tho addrossmg modo or explicitly choson 
by a sogmont overndo prefix. Tho ollset, also caiiod 
tho olloctivo address, is calculatod by summing any 
combination ol tho following throo addross olo- 
moms:
• tho displacement (an 8- or 16-bit Immodiato vaiuo 

conlainod in the instruction):
•  tho base (contonts ol oithor tho BX or BP baso 

rogistors); and
•  tho index (contonts of orthor tho SI or Dl indox 

rrji'.iors)

Any carry out Irom tho 16-btt addition Is ignored. 
Eight-bil dispiacomonts aro sign oxiendod to 16-bit 
values.

Combinations ol those throe addross olomonts do- 
lm - tup six mmnory add'C^S'ng modos. dc&cr.bod 
buiow.
• 0 ‘rocl Mode: Tho oporond's oftsot is containod in 

the Instruction as an 8- or 16-bit displacement el­
ement.

•  Register Indirect Mode: The operand's o llset Is In 
one ol the registers SI. Dl. BX, or BP.

•  Btsod Mode: The operand's offset Is the sum of 
an 8- or 16-blt displacement and the contents ol 
a base register (BX or BP).

•  Indexed Mode: The operand's offset la the sum 
ol an 8- or 16-blt displacement and the contents 
ol an Indox register (SI or Dl).

•  Based Indexod Mode: The operand's ollset Is the 
sum ol the contents of •  base register and an 
Index register.

•  Based Indexed Mode with Displacement: The op­
erand's ollset Is the sum of a base register's con­
tents. an Index register's contents, and an 6- or 
16-bit displacement.

Data Types
The 80188 directly supports tho following data
types:
• Integer. A signod binary numenc value containod 

In an 8-bit byto or a 16-t>t word All operations 
assume a 2'S comploment roprosontation. 
Signed 32- and 64-bit mtegors are supported us­
ing an 6087 Numeric Data Coprocessor with the 
80188.

•  Ordinal: An unsKjnod binary numenc value con­
tainod in an 8 -txt byle or a 16-b«t word

• Pointer. A 16- or 32-b«t quantity, composod ol a 
16-btt o llsot component or a 16-tM sogmont base 
componont in addition to a 16 t>t offset compo­
nent.

• Stnng' A contiguous soouonce of bvtos or words 
A string may contain from 1 to W K bytes

•  ASCII A byle representation of alphanumeric and 
control characfors using the ASCII standard of 
character representation

•  BCD A byle (unpacked) representation of tho 
doomai digits 0 -9

•  Packed BCD A by*« (packed) representation of 
two decimal digits (0 -9 ) One digit is stored m 
each n bblo (4 bit5) of the byto.

• Floating Point: A signed 32-. 64-, or 80-b<t roal 
numbor roprosontation (Floating point operands 
aro supportod usmg an 8087 Numeric Data Co­
processor with tho 80186)

In gonoral. ind ivd 'H t d/iU  elomonts m in t fit w r'^n
do!.nod sogmont .u F.gure '/ graph-calfy iopio-
sonts the data typos supportod by tho 80168.

I/O  Space
The I/O  spaco consists of 64K 8-bit or 32K 16-bit 
ports. Separate Instructions address the I/O  space 
with either an 8-bit port address, specified in tho in­
struction. or a 16-bit port address In the OX register. 
8 -bit port addresses are zero extended such that 
A )s-A e  are LOW. I/O  port addresses 00F8(H) 
through 00FF(H) are reserved.

In terrupts
An Interrupt transfers exocutlon to a now program 
location. The old program address (CS:IP) and ma­
chine state (Status Word) are savod on the stack to 
allow resumption o l the interrupted program. Inter­
rupts (all into throe classes: hardware initiated. INT 
Instructions, and instruction exceptions. Hardware 
Initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask* 
able.
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Programs may causo an interrupt with an INT in­
struction. Instruction exceptions occur whon an un­
usual condition, which prevents further instruction 
processing, is dotocted while attempting to execute 
an instruction. If the exception was caused by exe­
cuting an ESC instruction with tho ESC trap bit set in 
tho relocation rogister, the return instruction will 
point to the ESC instruction, or to the sogment over­
ride prefix immediately preceding the ESC instruc­
tion if the prefix was presont. In all other cases, the

toturn addross from an oxcoption will point at tho 
instruction immod'atoly following tho instruction 
causing tho oxcoption.

A table containing up to 2S6 pointers dofmes the 
propor interrupt sorvico routine lor oach interrupt. In­
terrupts 0 -3 1 , somo of which aro usod for instruc­
tion oxcoptions, aro rosorvod. Tablo 4 shows the 
80188 predofinod typos and dofault priority lovols. 
For each intorrupt. an 8-bit voctor must bo suppiiod 
to tho 80188 which Idontifies tho appropriato table 
ontry. Excoptions supply tho intorrupt voctor inter- 
nally. In addition, Internol porlpherals and noncas- 
cadod oxlornal Interrupts will genorato thoir own 
voctors through tho Internal Interrupt controller. INT 
instructions contain or imply tho vector and allow 
accoss to all 2S6 Inlorrupts. Maskable hardware ini­
tiated Interrupts supply tho 8-bit voctor to the CPU 
dunng an Interrupt acknowlodgo bus sequonco. 
Non-masknblo hardware intorrupts uso a predotmed 
internally nupplied vectnr.

In terrupt Sources

Tho 60188 can sorvico interrupts gonoratod by soft­
ware or hardware. Tho solfwaro interrupts are gorv 
orated by specific instructions (INT, ESC. unusod 
OP. otc ) or tho results ol conditions spootiod by 
instructions (array bounds chock. INTO, OIV. IDlV, 
otc ). All intorrupt sources aro sonncod by an indirect 
call through an otomont of a voctor table This vector 
tablo is indexod by us>ng tho interrupt voctor typo 
(Table 4), muitipiiod by lour. All hardwaro-gonoratod 
Intorrupts aro sampiod at tho ond ol each instruc­
tion. Thus, tho software Interrupts will bogm sorvico 
first. Once tho sorvico routin# is entered and inter­
rupts are enablod, any hardware source ol sufficient 
priority can interrupt tho sorvico routine in progress.

The software gonerated 80188 intorrupts are do- 
scribod bolow.

DIVIDE ERROR EXCEPTION (TYPE 0)

Generated whon a DIV or IDIV instruction quotient 
cannot be exprossed in the numbor of bits in the 
dostination.

SINGLE-STEP INTERRUPT (TYPE 1)

Generated afler most instructions if tho TF flag is 
sot. Interrupts will not bo gonorated after prefix in­
structions (e.g.. REP), instructions which modify seg­
ment registers (e.g., POP DS), or the WAIT instruc­
tion.

NON-MASKABLE INTERRUPT—NMI (TYPE 2)

An exlernal interrupt source which cannot bo 
masked.
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Table 4. 60188 In terrupt Vectors
In terrupt Vector V ector Default Related Applicable

Name Type Address Prio rity Instructions Notes
Divide Error 0 00 H 1 DIV, IDIV 1

Excoption
Single Slop 1 04H 1A All 2

Interrupt
Non-Maskablo 2 08H 1 All

Intorrupt (NMI)
Breakpoint 3 0CH 1 INT 1

Intorrupt
INTO Delected 4 10H 1 INTO 1

Ovorflow
Excoption

BOUNDArray Bounds 5 14H 1 1
Excoption

Unusod Opcodo 6 18H 1 Undof nod 1
Excoption Oocodos

ESC Opcode 7 1CH 1 ESC Opcodos 1. 3
Excoption

Timor 0 Interrupt 8 20H 2A 4
Timor 1 Interrupt 18 48H 2B 4
Timor 2 Inlerrupl 19 4CH 2C 4
Rosorvod 9 24H 3
DMA 0 Interrupt 10 28H 4
DMA 1 Intorrupt 11 2CH 5
INTO Intorrupt 12 30H 6
INT 1 Intorrupt 13 34H 7
INT2 Interrupt 14 38H 8
INT3 Interrupt 15 3CH 9
Reservod 16, 17 40H, 44H
Reserved 20-31 50H . . .  7CH

NOTES:
Doltu.l priomlM lor the interrupt vxrc#» i  l  u»*d only H th* u»*r 0o*« not p*ogr»m *JCh K v t i  into I  unqu* p»«yity level 
1. G»n*r»t*d • •  « r*»ult Of in  kutrucnon «r«cvt>on
? P»'t:rm ''l in s»mo maneor » i BCCQ.
3 *n ESil op 'r.fl" w l c.iur<i a Imo if th* vomw t . t .» iv l in it i. j.mipno<»i control fcioc* i«.oc»t sn r*g»t#f
4. All thr#« limors eonjtitut* on* sourc* ol requoit to th* murrupt control'** At tuch. th«y »h»r* tho t*m« priority iev*t » ih
rotpocl to olhor interrupt sources. However. th* tim*»» h*v* i  0*tm*<J priority o<d*r »mong th»«i«*ly»» (2A > 20 > 2C)

BREAKPOINT INTERRUPT (TYPE 3)

A ono-byle version ol the INT Instruction. It uses 12 
as an Indox Into tho service routine Addross table 
(bocause it Is a type 3 intorrupt).

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4)

Generated during an INTO instruction il the OF bit is 
set.

ARRAY BOUNDS EXCEPTION (TYPE 5)

Generalod during a BOUND instruction il Iho array 
indox is outside the array bounds. The array bounds 
aro locatod in momory at a location indicatod by one 
ol the instruction operands. Tho other operand indi­
cates the value ol the index to bo checked.

UNUSED OPCODE EXCEPTION (TYPE 8)

Goneratod if execution Is attemptod on undofined 
opcodos.

ESCAPE OPCODE EXCEPTION (TYPE 7)

Generated if exocution is attemptod of ESC opcodos 
(D8H-DFH). This exception will only be goneratod il 
a bit in the rolocation rogistor is set. Tho return ad­
dross ol this exception will point to the ESC instruc­
tion causing tho exception. If a segment ovorrido 
prefix precedod tho ESC instruction, tho return ad­
dress will point to tho segment ovornde prefix.

Hardware-generated interrupts are divided Into two 
groups: maskable interrupts and non-maskable in­
terrupts. The 80188 provides maskable hardware in-
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torrupt roquost pins INT0-INT3. In addition, mask- 
sb'e intorrupts may bo goneratod by tho B0188 into- 
gratod DMA controller and tho Intogralod limor unit. 
Tho voctor typos lor thoso Intorrupts aro shown in 
Tablo 4. Software onabios thoso Inputs by sotting 
tho Intorrupt Flag bit (IF) in tho Status Word. Tho 
intorrupt controllor Is discussod In tho ponphoral 
to c io n  ol this data shoot

Furthor maskable Interrupts aro disabled wtitio serv­
icing an interrupt bocauso the IF bit is ro io l as port 
ol the response to an interrupt or oxcoption. Tho 
uivod Status Word will ro lled  the onnbio status ol 
tho processor prior 10 the interrupt The interrupt Hag 
will remain m o  unless specifically sot. Tho Interrupt 
return instruction restores l^e  Status Word, thoroby 
restoring the orig nal status ol IF b<t II the interrupt 
rotum re enables interrupts, and another interrupt is 
pending, tho 80188 will immod.alpiy sorvico Iho 
highest pnonty interrupt pending, i no instructions 
o' the main line program will be oiocuted

Non-Maskable In terrupt Request (NMI)

A non maskable intorrupt (NMI) is al'.o provided. 
This interrupt is serviced regardless ol me stale of 
the IF bit A typical use ol NMI would bo to acwato a 
power failure routine. The actrvation ol this input 
causes an interrupt with an internally supplied vector 
value ol 2. No external interrupt acknowledge se­
quence is performed. The IF bit is cloarod at the 
bogmning of an NMI Intorrupt 10 prevont maskablo 
interrupts Irom boing servicod.

Single-Step Interrupt
Tho 80188 has an Inlornal intorrupt that allows pro- 
g'ams to exocuto one Instruction at a timo. It Is 
caiiod tho singio-step Intorrupt and is controlled by 
tho slnglo stop llag bit (TF) in tho Status Word. Once 
this bit Is set. an mtornal slngle-stop Intorrupt will 
occur altor the noxt instruction has boon oxoculod. 
The interrupt cloars the TF bit and usos an intornally 
suppiiod vector ol 1. The IRET instruction is used to 
sot iho TF bit and transfer control lo Iho noxt Instruc­
tion lo be singlo-steppod.

Initia lization and Processor Reset
Procossor initialization or startup is accomplished by 
driving the RES input pin LOW. RIT3 lorcos tho 
80188 to terminate all execution and local bus activi­
ty. No instruction or bus activity will occur as long as 
RES is active. Aftor R1T5 bocomos inactive and an 
intornal processing interval elapsos, the 80188 be­
gins execution with the instruction at physical loca­
tion FFFFO(H). RES also sets some registers lo  pre­
defined values as shown In Table 5.

Table 5. 80188 In itia l Register Stale a fte r RESET

Slaius Word F002(H)
Instruction Poinior 0000(H)
Codo Sogmont FFFF(H)
Data Sogmont 0000(H)
Extra Sogmont 0000(H)
Slack Sogmont 0000(H)
Rolocation Rogistor 20FF(H)
UMCS FFFB(H)

THE 80188 COMPARED TO 
THE 80186
Tho 80188 CPU IS an 8-tHt processor dosignod 
around Iho 80186 internal structuro. Most intornal 
functions ol the 80188 aro identical lo Iho equivalent 
801*6 lunclions. The 80188 handlos the extornol 
bus the same way Iho 80186 does with tho distinc­
tion ol handling only 8 bits at a time. Slxteon bit op- 
c rn r. j;  arc filch ed  or writler. in two conuoculivc bus 
cycles Doth processors will appoar idontcal lo the 
software onginoer. with the exception ol execution 
time Tho internal register strucluro is idontical and 
all instructions havo iho same ond rosult Tho dillor- 
onens betwoon tho 80188 and the 80186 are out­
lined below, internally, thoro aro three diHoroncos 
between tho *0183 nnd Iho 80186 All changes aro 
rolatod lo Iho 8-btt bus intorface.
•  The quoue longth is 4 bylos m the 80188, where­

as the 80186 queue contains 6 bylos, or throe 
words. Tho queue was shortened to prevent 
Overuse ol the bus by the BIU whon profotching 
instructions. This was roquired because ol the 
additional lime nocessary to letch instructions 8 
txts at a lime.

• To lurthor oplimizo the quoue, tho prelotchmg al­
gorithm was changod. The 80188 BIU will letch a 
now instruction lo load inlo the quoue oach lime 
thoro is a 1-byie hole', (space available) in the 
quoue. Tho 80186 wails until a 2-byie space is 
available.

• The internal exocution time of the instruction is 
afloctod by the 8-bil intorlace. All 16-bit letches 
and writes Irom /to memory take an additional 
lour clock cycles. The CPU may also be limited 
by the speed ol instruction fetches when a series 
ol simple operations occur. Whon the more so­
phisticated instructions ol the 80188 are being 
used, the queue has lime to Till and the execution 
proceeds as last as the execution unit will allow.

The 80188 and 80186 are completely software com­
patible by virtuo ol ihoir idontical execution uniis. 
Software lhal is sysiom dopendenl may not be com- 
plotoly transferable, but software that is not system 
dopondent will operate equally well on an 80180 or 
an 80186.

9-164



80188

The hardware interlace of the 80188 contains tho 
major differences betwoon the two CPUs. The pin 
assignments are nearly idontical. however, with the 
following functional changes.
• A8-A15— Those pins aro only address outputs 

on the 80188. These address lines are latchod 
internally and remain valid throughout a bus c /d e  
in a manner similar to the 8085 upper address 
lines.

• 6HE has no moaning on the 80188 and has been
eliminated.

Clock Generator
The 80188 dock genorator provides tho 50% duty 
cycle procossor dock lor the 80168 It doos this by 
dividing the oscillator output by 2 forming tno sym­
metrical dock. II an oxtornal oscillator is usod. the 
state of the dock gonorator will change on the tail­
ing edge o l the oscillator signal. The CLKOUT pin 
provides the procossor clock signal tor use outsxJo 
the 80188. This may be usod to drive other system 
components. All timings aro rotoroncod to the output 
dock.

80188 Clock Generator
The 80188 providos an on-chip clock generator tor 
both Intornal and oxtornal dock gonoration. Tho 
clock gonorator toaturos a crystal oscillator, a divide* 
by-two counter, synchronous and asynchronous 
roady inpuls, and rosot circuitry.

Oscillator

Tho oscillator circuit ot the 80188 it  dos>gn«d to bo 
usod with a parallol resonant lundamontal mode 
crystal. This Is used as the time baso tor the 80188. 
Iho crystal froquency seloctod will bo double tho 
CPU dock froquency. Use ol an LC or RC drcuit is 
not rocommondod with this oscillator. II an external 
oscillator is used. It can be connoctod directly to In­
put pin X1 in liou ol a crystal. The output o l the oscil­
lator is not dlroctty available outside the 80188. Tho 
rocommondod crystal configuration is shown in 
Tign'e 0

Crystal C onfiguration

Tho following parameters may be usod lor choosing 
a crystal:
Temperature Range: 0 to70*C
ESR (Equivalent Series Rosistance): 3011 max
Co (Shunt Capacitance o l Crystal): 7.0 pi max
CL (Load Capacitance): 20 pi 1 2  pi
Drive Level: 1 mW max

READY Synchronization
The 80188 provides both synchronous and asyn­
chronous ready inputs. Asynchronous ready syn­
chronization is accomplished by circuitry which sam­
ples ARDY in tho midd’o ot Tj,  T j, and aga n in the 
middto ol each Tw until AROY is sampled h ig h  
Ono-halt CLKOUT cydo of rosolu 'on time is usod 
lor lull synchronization of a ns.ng ARCv S'gnal A 
high-to-low fransition on ARDY may be usod as an 
indication of tho not roady corxM'on but it musi be 
performed synchronously to CLKOUT e ithe r in tho 
middlo ol T j, T j. o r Tyy. or at the falling edgo of T j 
or Tw .

A second roady input (SRDY) is providod to inter­
lace with oxtornaily synchroni/od roady signals. This 
Input i t  sampled at the end ol T j. T j, and agam at 
the end ol each T ^  until it «  sampled HIGH. By 
using this Input rathor than the asynchronous ready 
Input tho hait-dp'-w c y ''«  »r-5c,'.:!icn t 'r* *  is
olminstod.

This input must satisfy set-up and hold times to guar­
antee propor operation ol tho circuit.

In addition, tho 80188. as pan of the intogratod chip- 
soloct logic, has the capability to program WAIT 
states for memory and ponphoral blocks. This is dis- 
cussod in tho Chip Solect/Roady Logic description.

RESET Logic
The 80188 providos both a RES input pin and a syn­
chronized RESET outputp in for uso with other sys­
tem compononts. Tho RES Input pin on tho 80188 is 
provided with hystcrosis in ordor to facilitate power- 
on Rosot gonoration via an RC notwork. RESET is 
guaranteed to remain activo lor at loast live clocks 
Qivon a RES input ol at least six clocks. RESET may 
bo delayed up to approximately two and one-hall 
clocks behind RTS.

Multiple 80188 processors may bo synchronized 
through the RES input pin, since this input resets
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both tho processor and dividoby-two intornal count­
er in tho clock generator. In ordor to insuto that tho 
divido by-two countors all bogm counting at tho 
samo timo. tho activo going edgo of RES must satis­
fy a 25 ns setup timo botoio tho falling odgo ol the 
80188 clock input In addition, in ordor to msuro that 
all CPUs bogm oiocutmg in the samo dock cydo, 
tho reset must satisfy a 25 ns setup timo botoro tho 
nsmg edge of the CLKOUT s-gnal of alt Iho proces­
sors

LOCAL BUS CONTROLLER
The 80186 provides a local bus controller to gonor- 
ata I t *  local bus control »»gna!s. in add<!«on, »t em­
ploys •  HOLO/HLOA protocol for relinquishing Iho 
local bus to other bus masters It aivo provides out­
puts that can bo used to onablo oitornal buftors and 
to <Voc1 the f>ow of data on and oft tho local bus

M cm ory/Pcrlphcra l Control
The 80188 c'Ovdes A lE . H " . a rd  VVR bus control 
signals Tno RD and vVR s-gn.Vs a»o usod to strobe 
data from memory or I/O  to tho 80168 or to s;rot>e 
data from the 80188 to memory or I/O. The ALE hne 
prov.los a strobe 10 latch tho address when it is 
valid. The 80188 local bus cont/owor does not pro­
vide a momory/I/'O  signal If this is required, uso tho 
52 signal (which will requtro oxternal latching), make 
the momory and I/O  spaces nonovertappmg. or use 
only the mtegiatod chip-soioct circuitry.

Transceiver Control
The 60188 gonorates two control signals lor oxtor- 
nal transceiver chips. This capability allows the addi­
tion ol transceivers lor oxtra buttering without adding 
extornai logic. These control Imos, DT/R and DEN. 
are generated to control the Mow ol data through the 
transceivers. The operation o l these signals is 
shown in Table 6.

Table 6. Transceiver C ontro l Signals D e tc r lp tlo n

Pin Name Function

DCto (Data Enabio)

DT/R  (Data Transmit/ 
Rocoivo)

Enablos tho output 
dnvors of tho 
transcoivors. It is active 
LOW during momory,
I/O , oH NTAcydos. 
Doterminos the direction 
ol travel through the 
transcoivors, A HIGH 
lovel dirocts data away 
from tho procossor 
during wnto operations, 
whllo a LOW lovel dirocts 
data toward the 
procossor dunng a read 
oporation.

Local Bus Arb itra tion
The 801<18 uses a HO IO/HLDA system ol local bus 
exchange This provides an asynchronous bus ex­
change mccharmm This moans multiple masters 
utilizing tho same bus can oporato at separato clock 
froquonc>es. Tho 00188 providos a smglo HOLD/ 
HLDA pair through which all other bus mastors may 
gam control of tho local bus. Extornai circuitry must 
arbitrate which extornai dovice will gain control ot 
tho bus when thore is more than ono altomate local 
bus master. Whon the 80186 relinquishes control of 
tho local bus. it floats BER, RD. wR, 50-55. Lo C h!, 
AD 0-AD7. A8-A19. 57. and DT/R to allow another 
maslor to drive those linos duoctly.

Tho 80188 HOLD latency time. i.e.. tho time be­
twoon HOLD roquost and HOLD acknowledge, is a 
function of the activity occumng in the processor 
whon the HOLD requost i t  roceivod. A HOLD re­
quest is the highost-prionty activity request which 
tho processor may receive: higher than instruction 
fetching or internal DMA cycles. However, it a DMA 
cycle is in progress, the 80188 will complete the 
transtor before relinquishing the bus. This implies 
that H a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad­
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length ol the locked 
transfer.
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Local Bus C ontro ller and Reset

During RESET the local bus controller will perform 
the following actions:
•  Drivo D £n, RT5. and WR HIGH for ono clock cy­

cle, thon float.

NOTE:
RB is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter­
ing Quouo Status modo during reset.
•  Drrvo 55-515 to the inactive state (all HIGH) and 

thon float.
• Drivo LOCk HIGH and then float.
• Throo-slato ADO-7. A8-19, S7. DT/R.
« Drivo ALE LOW (ALE is novor floatod).
• Drivo HLDA LOW.

INTERNAL PERIPHERAL INTERFACE
All tho 60188 integrated peripherals are controlled 
by 16-bit registors contained within an intornal 256- 
byte control block. The control Nock may be 
mappod into eithor memory or I/O  space. Internal 
logic will recognize control block addresses and re­
spond to bus cyclos. During bus cycles to Intornal 
registers, the bus controller will signal the operation 
extornally (i.e., tho RB. WR, statu*, address, data, 
otc., linos will bo drrvon as in a normal bus cycle), 
but D7. 0. SRDY, and ARDY will be Ignorod. The 
baso address of tho control block must be on an 
oven ?*;G bylo boundary (i.o . tho lower 8 bits of tho 
li.n o  address aro nil zoros). All o l tho dofmod rogi3- 
tors within this control block may be road or written 
by tho 80188 CPU at any time

Tho control block base address is programmed by a
16-bit relocation registor contained within the control 
block at offsot FEH from the base address of the 
control block (seo Figure 9). It provides the upper 12 
bits of the base addross of the control block. Note 
that mapping the control register block Into an ad­
dross rango corresponding to a chip-select range is 
not rocommonded (the chip select circuitry Is dis­
cussed lator In this data shoo l In addition, bit 12 of 
this register dotormines whether the control block 
will be mappod into I/O  or momory space. If this bit 
is 1, the control block will be located in memory 
spaco. II tho bit is 0, the control block will bo located 
in I/O  spaco. If tho control rogistor block is mapped 
into I/O  space, the upper 4 bits ol tho baso addross 
must bo programmod as 0 (since I/O  addresses are 
only 16 bits wide).

Whonever mapping the 188 ponpheral control block 
to another location, tho programming of tho reloca­
tion register should bo done with a byio write (1 e. 
OUT DX.AL). Any access to tho control biocK is 
done 16 bits at a time. Thus, internally, tho reloca­
tion registor will get written with 16 bits ol tho AX 
registor whilo erternally, the BIU will run only one 6 
bit bus cycle. If a word instruction is used (i.e. OUT 
DX.AX). the relocation registor will bo written on the 
first bus cydo. The BIU will then run a second bus 
cycle which is unnocossary. The addross of the sec­
ond bus cyclo will no longor be withm the control 
block (i.o the control biork was moved on the first 
cycle), and theretoro. will roqu<>« the generat>cn of 
an exlomal ready signal to compioto the cycle. For 
this reason wo recommend byio ope'ations to the 
relocation rogistor. Byio instructions may also be 
used lor the other registers m the control bk>cK and 
will olimmato half of tho bus cyclos required if a word 
operation had boon specified. Bvto operations are 
only valid on even addresses though, and are unde­
fined on orU addresses

In addition to providing relocation information for the 
control block, the relocation rogistor contains tuts 
which placo the Interrupt contro'lor into slave mode, 
and causo the CPU to interrupt upon encountonng 
ESC instructions. At RESET, tho relocation roaster 
is set to 20FFH which maps tho control block to start 
at FF00K In I/O  space An offset map of the 
2S6-byl« control registor block is shown In Figure 
10.

CHIP-SELECT/READY GENERATION 
LOGIC
Tho 80188 contains logic which provides program­
mable chip-select generation for both memories and 
peripherals. In addition, it can bo programmed to 
provide READY (or WAIT stato) generation. It can 
also provide latched address bits A1 and A2. The 
chip-solect lines are active for all momory and I/O  
cyclos in their programmed areas, whether they bo 
generated by the CPU or by the integrated DMA unit.

Memory Chip Selects
The 80188 providos 6 memory chip select outputs 
for 3 address areas: upper memory, lowor memory, 
and midrange memory. Ono oach is providod for up­
per memory and lower momory, whilo lour aro pro­
vidod for midrango memory.

Tho range for oach chip select is usor-programma- 
bio and can bo sot to 2K, 4K, 8K, 16K, 32K. 64K, 
128K (plus IK  and 256K for upper and lower chip 
selects). In addition, the beginning or base address
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Figure 10. Internal Register Map

of tho midrange memory chip soioct may also bo 
selected. Only ono chip soioct may bo programmed 
to bo active for any momory location at a timo. All 
chip solect sizes are in bytes.

Upper Memory CS
The 80188 providos a chip select, called UCS, for 
the top of momory. Tho top of momory is usually 
used as the system momory bocause aftor rosot tho 
80168 begins executing at momory location 
FFFF0H.

Tho uppor limit o l momory dofmod by this chip soioct 
is always FFFFFH, whilo the lowor limit is program­
mable. By programming the lower limit, the sizo of 
tho soioct block is also dofinod Table 7 shows the 
relationship bofwoon tho baso addross soioctod and 
tho Sizo of tho momory block oblamod.

Table 7. UMCS Program ming Value*

Starting
A ddres*

(Date
Addre^r.)

FI UX> 
FF8C0
Frooo
FLOOO
FCOOO
FB0OO
roooo
EOOOO
COOOO

Memory UMCS Value
Olock (Assum ing
S ite 35 O 35 1 35 *0 1 O

tK rrc o M
2K FFSSH
4K FF38H
OK FE38H
16K FC38H
32K F838H
64K F03BH
128K E038H
256K C038H

The lower kmit ol this momory block is dofmed in the 
UMCS registor (soo Figuro 11). This register is at 
offsot A0H in the Internal control block. The legal 
values for bits 6 -1 3  and tho resulting starting ad­
dross and momory block sires aro givon in Tablo 7. 
Any combination of bits 6 -1 3  not shown in Table 7 
will rosult in undofmod operation. Alter reset, the 
UMCS rogistor is programmed lor a 1K aroa. It must 
bo roprogrammod If a larger upper momory aroa is 
dosirod.

Tho internal genoration of any 20-bit address whose 
uppor 16 bits aro equal to or greater than the UMCS 
value (with bits 0 -5  as "0 ") asserts DCS. UMCS bits 
R 2-R 0 specify tho ready mode for the area of mem­
ory defined by the chip solect register, as explained 
later.

Lower Memory CS
The 80188 providos a chip soioct lor low memorj 
callod LC5. Tho bottom ol memory contains the in­
terrupt vector tablo. starting at location OOOOOH.
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The lowor limit of memory defined by this chip select 
Is always OH, while the upper limit is programmable. 
By programming the upper limit, the aize of the 
memory block Is defined. Table 8 shows the relation­
ship botwoon the upper address selectod and the 
size of the momory block obtalnod.

Table 6. LMCS Program m ing Values

Upper
Address

M emory
Block
Size

LMCS Value 
(Assum ing 

R 0 - R 1 - R 2 - 0 )

003FFH • IK 0038H
007FFH 2K 0078H
00FFFH 4K OOF0H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K 07F8H
0FFFFH 64K 0FF8H
1FFFFH 128K 1FF8H
3FFFFH ’ 256K 3FF8H

The upper limit of this momory block Is defined in the 
LMCS roglstof (soe Flguro 12) at offsot A2H in the 
internal control block. The legal values for bits 6 -  IS 
and the resulting uppor addross and memory block 
sizes »ro givon In Tablo 8. Any combination of bits 
6 -15  not shown In Table 8 will rosult In undolmod 
oporalion. Aftor rosot, the LMCS registor value Is un- 
dolinod. Howover, tho CCS chip-seloct line will not 
becomo activo until the LMCS register is accossod.

Any internally generated 20-bit address whoso up­
por 16 bits are loss than or equal to LMCS (with bits 
0 -5  " 1") will assort CCS. LMCS rogister bits R2 -R 0 
specify the READY modo for the area of memory 
dofinod by this chip-select rogistor.

Mid-Range Memory CS
The 80108 providos four MCS linos which are active 
within a usor-locatable momory block. This block 
can be located within the 80188 1M byte momory 
addross spaco exclusive of the areas definod by 
DCS and LCS. Both the base addross and size of 
this momory block aro programmable.

The size of the memory block dofinod by the mid­
range soleci lines, as shown in Table 9, is deter­
mined by bits 8 -1 4  of the MPCS rogistor (soo Figure 
13). This register is at location ASH In tho mtornal 
control block. One and only one of bits 8 -1 4  must 
be set at a time Unpredictable oporation of the OC5 
lines will otherwise occur. Each ol the lour chip-so- 
lecl lines is activo I or one of the four equal contigu­
ous divisions of the mid-range block. If the total 
block size is 32K. each chip soiect is active for 8K of 
memory with MC53 being active for tho first range 
and WCS3 being ectrve lor the last range.

The EX and MS in MPCS relate to penphoral func­
tionality as described m a later soction.

Table ft. MPCS Program m ing Values

Total Block 
Size

Individual 
Select Size

MPCS Bits 
14-8

8K 2K 00000018
16K 4K 0000010B
32K 8K 00001008
64 K 16K 0001000B
128K 32K 0 0 t 0000B
256K 64 K 01000000
512K 128K 1OOOOOOB

Tho base addross of the m drango  momory block is 
doftned by bits 15 -9  of the MMCS rogistor (soe Fig- 
uro 14) This register is at oflsot AflM in tho intornal 
control b lo ri' The** a y ro 'T ''”' '!  t :  b ‘ : 
A I9 -A 1 3  of tho Z3 h t memory nrtJ;o»s. £>.ii 
A12-A 0 of tho base address aro always 0. The base 
addross may bo set at any intogor multiple of the 
sizo of the total memory block soioclod. For e»am- 
pie, H the mid-rango block size is 32K (or the sizo ol 
the block for which each MC5 Imo is activo is 8K). 
the block could be locatod at 10000H or 18000H. 
but not at 14000H, since the first fow intogor multi­
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. Afler reset, the contonts of 
both of those registers is undofmed. Howovor, none 
ol the MCS lines will be activo until both the MMCS 
and MPCS registers are accessed.

IS 14 ts 1Z 11 10 s e r e s 4 3 2 1 0
OFFSET: A0M| 1 | 1 0 C C C C C c c i I i I bz I m BO |

AIS A ll

Figure 11. U M C S  Register

IS 14 13 12 11 10 I  8 7 e S 4 J t  1 0
OFFSET: A2H f 0 I 0 u c 7 c c c c c i I i 1 bz | h i BO )

Ate A ll

Figure 12. LMCS Register
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Figure 13. MPCS R egister

IS » J 0
orrs tT  Aa*i ( u | u | u | u | u | u 1 u I i I i I i 1 i | 1 | 1 | rz 1 r i  1 bo |

AH AU

Figure 14. MMCS Register

MMCS bits R 2 -P 0  specify PEADY modo ol opor.v 
: ; ' i  lc ' oil four m.r»-i.ng** r.r-. p «*j :.• c*"•

The 512K block SIZ* lor the md-rnngo memory chip 
so'octs is a special caso Whon u*>ng 512K. tho 
Case address would have 10 bo at 0'th<x locations 
ODOOOH or 80000H II it woro to be progiam nod at 
COOOOH when the CCS line was programmed. there 
wou'd be an internal conflict between the [C 5  ready 
gonmation log>c and the MCS ready generation log­
ic Likewise. H tho base address wero programmed 
at 80000H, there would be a confect with the UCS 
ready generation log*C. Since tho CCS chtp seioct 
Imo does not become actrvo until programmed, whito 
tho DCS line is actrve at rosot. the memory baso can 
be sot only at OOOOOH. If this base add'oss is select­
ed, howevor, tho CCS rango must not be pro­
grammed.

Peripheral Chip Selects
The 80188 can genorato chip soiocts lor up to sevon 
poriphoral dovicos. Those chip soiocts aro activo for 
sevon contiguous blocks of 128 bylos above a pro­
grammable base addross. Tho baso addross may bo 
located In either momory or I/O  spaco.

howovor it can only bo a multiplo ol 1K bylos, i.e., 
tho least »ionific.inl 10 bits ol tho starting addross 
am 0

PC? 5 and PC5S can also bo programmed to provide 
latchod addross bits A1 and A2. II so programmed, 
thoy cannot bo used as poriphoral soiocts. Tnese 
outputs can bo connected diroctly to the A0 and A1 
pins used lor soiocting intornal rogistors ol 8-bit pe­
ripheral chips

Tho starting addross of the poriphoral chip-soloct 
block is dofinod by the PACS rogistor (soe Figure 
15). Tho rogistor is located ot offsot A4H in tho intor­
nal control block Bits 15-8  of this rogistor corre­
spond to bits 19-10 ot the 20 bit Programmable 
Baso Address (PBA) of the poriphoral chip-soloct 
block B'ts 9 -0  of the PBA of the ponphoral chip-se­
loct block are ail zoros. If the chip-seloct block is 
located in I/O  space, bits 12-15 must be pro­
grammed zoro. since the I/O  address Is only 16 bits 
wide. Tablo 10 shows the address range of each 
poriphoral chip soiect with respect to the PBA con­
tained in PACS register.

Seven CS lines called PC 53-6 are gonoratod by the 
80188. The base addross Is usor-programmable;

n  _________  a s 3 o
OFFSET: A4H l u l u l u l u l u l u l u l u l  u | u l  1 I I I 1 I RZ | R1 | BO J 

Al t  * ’ 0

Figure 15. PACS R egister
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Tho usor should program bits 1 5 -6  to correspond to 
the desired peripheral base location. PACS bits 0 -2  
aro usod to spocify READY mode lor PCSO-PCSj.

Table 10. PCS Address Ranges

PCS Line Active  between Loca tions

PC55 PBA —PBA+127
PCSl PBA+ 126—PBA + 255
PCS2 PBA + 256— PBA + 383
PCS3 P B A+ 384— PBA + 511
PC 54 PBA + 512—PBA + 639
PCS5 PBA + 640— PBA+ 767
PCS5 PBA + 768— PBA+ 895

Tho modo of oporation ol tho poiiphoral chip solects 
is definod by the MPCS rogistor (which is also usod 
to sot the sizo ol tho mid-rango momory chip-soiect 
block, soe Figure 13). The rogistor is located at off* 
sot AeH in tne Intornal control block. Bit 7 i t  usod to 
seioct the function ol PCS? and PC56, whllo bit 8 Is 
usod to select whether tho ponphoral chip selects 
aro mappod Into momory or I/O  spaco. Table 11 
dosenbos tho programming ol those bits. Altor reset, 
tho contonts of both the MPCS and the PACS rogis­
tors aro undotinod, howovor none Of the PCS linos 
will bo activo until both o l the MPCS and PACS rog- 
islorg aro acconsed.

Table 11. MS, EX Program m ing Values

Bit D escrip tion

MS

EX

1 -  Peripherals mappod into momory space. 
0 -  Ponphorats mappod into I/O  space.
0 -  5 PCS linos. A1, A2 providod.
1 -  7 PCS linos. A 1, A2 are not providod.

MPCS blis 0 -2  specify the READY mode lor PCS4 -  
PC56 as outlinod below.

READY Generation Logic
Tho 80188 can generate a "READY" signal Intornal* 
ly tor each ol the memory or ponphoral CS lines. The 
numbor o l WAIT states to be Insertod lor each pe­
ripheral or momory is programmable to provide 0 -3  
wait states lor all accesses to the aroa lor which the 
chip soloct Is active. In addition, the 60188 may be 
programmed to either ignore external READY lor 
each chip-select range individually or to factor exter­
nal READY with the integrated ready generator.

READY control consists ol 3 bits lor each CS line or 
group ol lines generated by the 80188. The interpre­
tation,ol the ready bits is shown in Table 12.

Table 12. READY Bits Program m ing

The internal ready generator oporates In parji'o l 
with external READY, not In sonos rt the e»tem ji 
READY is used (R2 -  0). For e*ampio, il tho inter, 
nal generator is set to rnsofl two wait states but 
activity on the external READY lines will insert four 
wait statos, the processor will only Insort four wait 
statos, not six. This Is because the two wait stales 
gonoratod by tho intornal gonorator ovortappod the 
first two wait states generated by the external ready 
Siqnal. Note that tho exlornal ARDY and SRDY linos 
are always ignorod during cydos accossing internal 
peripherals.

R 2-R 0 ol each control word snncifios the READY 
modo lor tho correspond ng b’ock. with the n n .p -  
tion ol the peripheral chip solocts; R 2 -R 0 Of PACS 
sot tho PCS 5 -3  READY modo. R 2 -R 0 of MPCS set 
the PCS4-6 READY mode.

Chip Select/Ready Logic and Reset
Upon RESET, the Chip-Select/Roady Logic will per­
form the following actions:
• All chip-select outputs will be driven HIGH.
•  Upon leaving RESET, the DCS line will be pro­

grammed to provide chip solocts to a 1K block 
with the accompanying READY control bits sot at 
011 to Insert 3 wail statos in conjunction with ex­
ternal READY (I.e.. UMCS rosots to FFFBH).

•  No other chip select or READY control rogistors 
have any prodefinod values aflor RESET. They 
will not become active until tho CPU accossos 
their control registers. Both tho PACS and MPCS 
registers must be accessed beloro the PCS lines 
will become active.
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DMA Channels

Tho 80188 DMA controllor providos two Indopon- 
dont DMA channols. Data transfors can occur be­
twoon momory and I/O  spacos (e g , Momory to I/O) 
or withm tho samo space (e.g.. Momory to Momory 
or I/O  to I/O). Each DMA channel maintains both a 
20-b<t source and dostmation polntor which can be 
optionally incromontod or docrementod after oach 
data transfer. Each data transfer consumes 2 bus 
cyclns (a minimum of 8 clocks), one cyclo to letch 
data and the other to store data. This providos a 
data transfor rate of one MByle/soc at 8 MHz.

DMA Operation
Each channot has lux rogistor* in tho control block 
which clot no oach channel s oporation. Tho control 
ro q ite -s  consist of a 20 txl Source pomtor (2 
wn-tfi). a 20 b>t D cstinaw n pomto' (2 words). a 16- 
h<1 T ran !/'- P r-p ite r. and a IG-txt Gont<ol
VtO'd

The format of the DMA Control Blocks is shown in 
Table 13. Tho Translor Count Register (TC) spocl- 
lios tho number ol DMA t/anslers to be porlormod. 
Up to 64K bylo translors can be perlormod with au­
tomatic termination. Tho Control Word dolmes the 
channol's oporation (soe Figure 17). All rogistors 
moy be modifiod or alterod during any DMA activity. 
Any changos mado to thoso rogisters will be refloct- 
ed immodiatoly in DMA oporation.

Table 13. DMA C ontro l Block Form at

R egister Name
Register Address

Ch. 0 Ch. 1

Control Word CAH DAH
Transfer Count C8H D8H
Destination Pointer (uppor 4 C6H DCH

bus)
Destination Pomtor C4H D4H
Source Pomtor (uppor 4 bits) C2H D2H
Sou 'm  Pr n iff C0H DOH

Figure 16. DMA Unit B lock Diagram

1S 14 1) 1} I t  10 • 1 > e s 4 3 } 1 0

M/ DESTINATION 
(0 DEC INC

M/
10

SOuncE 
DEC INC TC INT SYN p

T
O
R
0

X CMC/
KCCm S

ST/
STOP X

X -  Don't Cart

Figure 17. DMA C ontro l R egister
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DMA Channel C ontro l Word Register
Each DMA Channel Control Word determines the 
mode o l operation lor the particular 80188 OMA 
channel. This rogister specitios:
• the mode ol synchronization;
• whether interrupts will bo goneratod alter the last 

transfer,
• whothor DMA activity wilt cease aftor a pro­

grammed number of DMA cydos;
• tho rolative priority of tho DMA channol with re- 

tpoct to tho othor DMA channol;
• whothor tho source pomtor will bo Incremented, 

docromontod, or mamtainod constant aflor oach 
transfor;

• whothor the source pointor addrossos m«mo<y Of 
I/O  space;

• whothor the destination pointer will be increment­
ed, docromontod. Of maintamod constant after 
oach transfor; and

• whothor tho dostination polntof will addross 
momory of I/O  space.

The DMA channel control rogisters may b« changod 
while tho channol Is oporatlng. However, any chang- 
as mado during oporation will affect tho cufront DMA
translor.

DMA Control W ord Bit Descriptions
DEST: M/R3 Dostination pointor Is in

momory (1) or I/O  (0) space 
DEC Docroment dostination point­

er by 1 altor each transfer. 
INC Incromont dostination point­

er by 1 after oach transfor.
If both INC and DEC are 
spocilied. the pointer will not 
be changod aflor oach cycle. 

SOURCE; M /fD  Source pointor Is In momory
(1) or I/O  (0) spaco.

DEC Docrement source pointer by
1 alter oach transfor.

INC Increment source pointor by
1 aftor oach transfor.
If both INC and DEC are 
spocifiod, the pointer will not 
bo changed after each cycle.

TC; If sot, DMA will termmalo whon
the contonts ol tho transfor 
count registor roach zoro. Tho 
ST/STUP bit will also be reset at 
this po«nt If cloarod, the DMA 
controllor will docrement the 
transfer count rogistor for each 
DMA cycle, but DMA transfers 
will not stop when tho transfer 
count rogister reachos zero.

INT; Enable Intorrupts to CPU upon
transfer count termination.

SYN: 00 No synchronization.
NOTE:

Whon untynchronized transom* 
aro specified, the TC b<1 will be 
ignored and the ST b't will bo 
cloarod upon the transfer count 
reaching zero, stopping the 
Channel.
01 Source Synchronization.
10 Destination Synchronization.

11 Unused.
P: Channel priority relative to other

Channol
0 Low priority.
1 High priority.
Channels will altornate cyclos if 
both aro sot at tho same priority 
lovol.
Frablo/C io.ib io (1/0) CMA re- 
quosts from Timer 2.
Change/D o Not Chango (1/0) 
the S T /S T G P  bit. If this bit is sot 
whon writing the control word, 
tho S T /5 T O P  bit will bo pro­
grammed by the writo to tho con­
trol word. If this bit Is cloarod 
whon writing tho control word, 
the S T /S T C T  bit will not be al­
tered. This bit is not stored; It will 
always bo read as 0 .
S tart/S top (1/0) Channel.

TDR3.

CHG/NOCH(j :

S T /S T D P :
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DMA Destination and Source Pointer 
Registers

Each DMA channol maintains a 20-bit sourco and a 
20b<t dostination pointor. Eoch of thoso pointors 
tako* up two full 16 bit rogistors In the p^riphoral 
control block. The lower four b'ts of the uppor regis­
ter contam tho uppor four b«t» of the 2 0 b<t physical 
address (soo Figure 18) Thoso pomtor* may bo indi­
vidually incremented or docromontod aftor onch 
transfer. Each pointor may pomt into either memory 
or I/O  spaco Smco the DMA channols can porto'm 
transfor* to or from odd addrosso*. there u  no re-
v »H*I '< 0 1  V A iu « '»  I f *  t'W i I « . r l . l <  I H ) “ |I*|*%

DMA Transfer Count Register
Each DMA channel maintains a IC txt transfor count 
re g ito r (TC). The reyistof is docromontod after ov- 
«*y OMA cycle. reqarrjioM ol tno Mate of the TC bit 
m the DMA Control Regi»tor. If the TC bit in the DMA 
control wofd is sot Of it unsynchronized transfors aro 
programmed. DMA activity will termmalo when tho 
transfer count register roaches zero.

DMA Requests
Data transfers may be eithor sourco or dostmation 
synchronized, that is either tho sourco of the data or 
tho dostmation of tho data may roquost tho data 
transfor. In addition. DMA tranjtors may bo unsyn-

chronizod; that Is, the translor will tako placo contin­
ually until tho corroct number of transfors has oc- 
currod. Whon source or unsynchronizod transfers 
aro porlormod, tho DMA channol may bogin another 
translor Immodiatoly aftor tho ond of a provious 
DMA transfor. This allows a complete transfer to 
take place every 2 bus cyclos or eight clock cycles 
(assuming no wait statos). When source synchroniz­
ed or unsynchronized transfors aro porlormod, data 
will not be fotchod from the sourco addross until the 
dostmation dovico signals that it is roady to rocoive 
it Also, tho DMA controllor will rolmquish control of 
tho bus aflor evory transfor. If no Othor bus activity is 
iml Hod, nnrthnr dostmation w h ro n iz o d  DMA cy- 
c'o v, II b i ;m  aflor two p rocn i.o r clocks. This allows 
tho dostmation dovico timo to romovo its roquost if 
enothor t/ansfor is not dosired. Smco tho DMA con­
troller will rolmquish tho bus, tho CPU can imtiato a 
bus cycle. As a rosult, a comploto bus cyclo will of­
ten bo insortod botwoon destination synchronized 
transfors. Table 14 shows the maximum DMA trans­
lor ratos.

Table 14. Maximum DMA T ra n tfe r 
Rate* « 8 MHz

Type of 
Synchronization 

Selected
CPU Running CPU Halted

Unsync hr onifod 
Sourco Synch 
Dostmation Synch

1 0 M0y1o$/»ec 
10 W9yl»*/»ec 

0 C7 MBytes/sec

10 MBylos/soc 
10 MBytes/sec 

0 80 MBytes/sec

higher
REOiSTER
ADDRESS

LOWER
REGISTER
ADORESS

XXX xxx xxx A19-A18

AtS-AlZ AI1-A8 A7-A4 A3-A0

XXX -  Oon'l Cj>«

Figure 18. DMA Pointer Register Format
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DMA Acknowledge

No oxplicit DMA acknowledge puls® Is providod. 
Since both source and destination pointors tre  
maintained, a road from a requesting source, or a 
write to a requesting destination, should be used as 
Iho DMA Acknowlodgo signal. Sinco the chip-select 
linos can be programmed to be activo (or a given 
block ol momory or I/O  space, and the DMA point- 
on can be programmed to point to tho same given 
block, a chip-soloct line could be usod to indicate a 
DMA acknowlodgo

DMA Priority
Tho DMA chnnnols may be programmed to give one 
Channel priority over tho othor, or thoy may be pro­
grammed to altomato cyclos whon both havo OMA 
roquosts ponding. DMA cycles always have priority 
over intornal CPU cyclos oxcopt botwoon lockod 
momory accossos or word accosses to odd momory 
locations; also, an external bus hold takos priority 
over an intornal DMA cycle. Bocauso an interrupt 
requost cannot sutpond a DMA operation and the 
CPU cannot accoss memory during a DMA cycle, 
Intornipt latency timo wilt suitor during soquoncos Ol 
continuous DMA cyclos An NMI roquost, howovor, 
will causo all Intornal DMA activity to halt. This al­
lows tho CPU to quickly respond to the NMI request

DMA Programming
DMA cyclos will occur whonovor tho ST/ST013 bit ol 
the Control Rogistor is sot. If synchronized transfers

are programmed, a DAO must also be generated. 
Therolore, the source and destination transfor point­
ers, and the transfor count rogistor (if used) must be 
programmed before the ST/STOP bit is sot.

Each DMA register may be modified while the chan­
nel is operabng. If the C H G /ftO C riS  bit is cloarod 
whon the control registor is wntton. the ST /5T0P  bit 
ot the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommendod that a LOCKED string transfor be 
used to prevent a DMA transfer from occurring be- 
tweon updates to the channol registers.

OMA Channels and Reset
Upon RESET, the DMA channels will perform the 
following actions:
•  The ST/5TOP bit lor each channel w l  be reset 

to STOP.
•  Any transfer In progress Is aborted.

TIMERS
The 80168 provides three Intornal 16-bit program­
mable timers (see figure  19). Two of these are high­
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
evonts, time extornal events, gonerate nonrepctitlve 
waveforms, etc. The third timor Is not connocted to 
any oxtornal pins, and Is useful for roal-tirro coding 
and time dolay applications. In addition, tho third tim­
er can be used as a prescalor to the other two, or as 
a DMA request source.

Figure 19. T im er B lock Diagram

9-175

80188

Timer Operation
The timors are controlled by 11 18-btt registors In 
the peripheral control block. Tho configuration of 
these rogistors Is shown In Tablo 15. Tho count reg­
ister contains tho curront vaiuo ol the timer. It can bo 
read or w titlon at any timo indopondont ol whothor 
tho timer is running or not. The valuo of this register 
will be incremented for each timer event. Each of the 
timers Is eqwpped with ■ MAX COUNT register, 
which defines the maximum count tho timer will 
reach. Aftor roachmg the MAX COUNT rogistor val­
ue. the timer count value will reset to zoro during 
that s.imo clo:H. i tho maximum count valuo is 
never stored m the count register itself. Timers 0 and 
’ a.u. in addition, e u n r ix * !  with a second MAS 
COUiM register, which enahios tt>o timers lo alter­
nate tt'Oir count between two dilforont MAX COUNT 
values If a singio MAX COUNT reg.stor n  used, tho 
timor output p«n will switch LOW lc>r a singio clock. 2 
clocks aMor the maximum count valuo has been 
roached. In tho dual MAX COUNT registor modo, the 
ou’ put pin wilt m d t. iie  which WAX COUNT register 
is currontly in use. thus allowing nearly complete 
froodom in soiocting wavoform duty cyclos. For the 
timers with two MAX COUNT registors. the RIU txl in 
tho control register dotorminos which is used lor the 
comparison.

Each timer gots serviced every fourth CPU-clock cy­
cle, and thus can oporato at speods up to one-quar- 
tor the intornal clock froquency (one-eighth tho crys­
tal ralo), Extornal clocking ol the timers may be done 
ot up to a rate ol ono-quanor of the intornal CPU- 
clock rato (2 MHz for an 8 MHz CPU clock). Duo to 
internal synchronization and pipolining ol tho timor 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gato Input.

Since tho count registors and the maximum count 
registors aro all 18 bits wido, 16 bits ol resolution aro 
providod. Any Read or Writo access to the timers will 
add one wait stato to tho minimum lour-clock bus 
cydo, howovor. This is noodod to synchronize and 
coordinato the internal data Hows botwoon tho inter­
nal timors and the Intornal bus.

Tho timers havo several programmable options.
•  All throe timors can be sot lo halt or continue on 

a terminal count.
• Timors 0 and 1 can solect botwoon iniornol and 

oxtornal clocks. Blternato botwoon MAX COUNT 
rogistors and bo sot to rotnqqrr on n»t«ifn,V 
e v r'its

• Tho timers may bo programmed to cause an in­
terrupt on tormmiil count.

Those options are soloctablo via tho timer mode/ 
control word.

Timer M odo/C ontro l Register

Tho mode/control rogistor (soe Figuro 20) allows 
the user to program the specific modo of operation 
or chock tho curront programmed status lor any of 
the throe integrated timers.

Table IS. Timer C ontro l Block Format

R egister Nam*
Register O ffset

Tmr. 0 Tmr. 1 Tmr. 2

Mode/Control Word 56H 5EH GOH
Max Count B S4H 5CH not present
Max Count A 52H 5AH 62H
Count Register 50H 58H 60H

11 14 1) O 11 1 4 s 7 1 0
I IN fan  | in i 1 0 I • • •  i w c 1 « tO  | p 1 EXT | A l l  | CO*,T 1

Figure 20. T imer M ode/C on tro l Register
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EN
The enable bit provides programmer control ovor 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con­
straints in the internal clock mode (discussed previ­
ously). When cloared, the timor will be inhibited Irom 
counting. All Input pin transitions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count.

rFrn

The inhibit bit allows lor soloctive updating ol the 
onablo (EN) bit. II iNR is a ono during the writo to the 
modo/control word, thon tho stato ol the EN bit will 
bo modiliod by tho writo. II IKiH is a zoro during the 
writo, tho EN bit will be unalloctod by the operation. 
This bit is not stored, it will always be a 0 on a read.

INT
Whon lot. the INT bit enable* interrupts Irom tho 
timor, which will be gonoratod on evory terminal 
count. II tho timor Is conligurod In dual MAX COUNT 
rogistor modo, an intorrupt will bo goneratod each 
time the valuo in MAX COUNT rogistor A is foachod, 
and onch timo tho value In MAX COUNT registor B is 
roachod II this onablo bit is cloared alter tho inter­
rupt roquost has boon gonoratod, but boloro a pond­
ing Intorrupl is servlcod, tho Intorrupt roquest will still 
bo In lorco. (The requost Is latchod in the Intorrupt 
Controllor.)

RIU
Tho Registor In Uso bit Indicatos which MAX 
COUNT rogistor is currontly boing usod (or compari­
son to the timor count valuo. A zoro valuo indicatos 
rogistor A. Tho RIU bit cannot bo written, i.e.. its 
valuo is not alfectod when the control register is writ­
ten. It Is always cleared when the ALT bit Is zero.

MC

Tho Maximum Count bit is sot whonovor tho timor 
roaches its linal maximum count valuo. II the timor is 
conligurod in dual MAX COUNT register modo. this 
bit will bo sot each time the value in MAX COUNT 
rogistor A is roachod, and each timo tho valuo in 
MAX COUNT rogistor B Is roachod. This bit is sot 
regardless ol tho timer's intorrupt-enable bit. The 
MC bit gives the usor the ability to monitor timer 
status through soltware instoad ol through inter­
rupts. Programmor Intervention is required to clear 
th is bit.

RTG

Rotriggor bit is only active lor intornal clocking 
(EXT -  0). In this case it determines tho control 
lunction provided by the input pm.

II RTG -  0, the input lovel gato* the internal dock 
on and oil. II the input pin is HIGH, tho timor will 
count; il the input pin is LOW, the timor will hold it* 
value. As indicated previously, tho input signal may 
be asynchronous with respect to tho 60188 clock.

Whon RTG -  1, the input pin detects LOW to-HlGH 
transitions. Tho first such transit'on starts the timor 
running, clearing the timer value to zero on tho lirst 
clock, and thon incrementing thereaftor. Further 
transitions on the input pm will again rosot tho timor 
to zoro, Irom which it will start counting up again. II 
CONT » 0. when the timer has reached maximum 
count, the EN bit will be cleared. Inhibiting further 
timer activity.

P

The prescaler brt is Ignored unloss intornal clocking 
has boon selected (EXT -  0) If the P bit is a zoro. 
tho timor will count at ono-fourth the internal CPU 
clock rato. If tho P bit is a ono, the output ol timor 2 
will be usod as a dock lor tho timor. Note that tho 
usor must initiaiizo and start timor 2 to obtain the 
proscalod clock.

EXT

Tho oxtornal bit selects between intornal and extor- 
nal clocking lor tho timor. Tho oxtornal signal may 
bo asynchronous with respoct to tho 80180 clock.
II this bit is sot, tho timor will count LOW-to-HIGH 
transitions on tho Input pin. II cloarod, it will count an 
intornal clock while using the input pin lor control. In 
this modo. tho lunction ol tho external pin is dolined 
by tho RTG bit. Tho maximum input to output tran­
sition latency timo may bo as much as 6 clocks. 
Howovor. clock inputs may be pipolined as closoly 
togothor as every 4 clocks without losing clock puls­
es.

ALT

Tho ALT bit dotorminos which of two MAX COUNT 
rogistors is usod for count comparison. II ALT = 0, 
registor A for that timor Is always usod, whilo if 
ALT ■ 1, tho comparison will altornato between reg­
ister A and rogistor B whon each maximum count is 
roachod. This alternation allows the usor to change 
ono MAX COUNT rogistor while tho other is being 
usod, and thus provides a method of generating 
non-repelitrve wavolorms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing tho final count reg­
isters. The ALT bit also dotorminos tho function ol
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tho timor output pin. II ALT is zoro, tho output pin will 
go LOW lor ono clock, tho clock altor tho maximum 
count is roachod. II ALT Is ono, tho output pm will 
refioct tho curront MAX COUNT rogistor bomg usod 
(0/1 lor B/A).

CONT

Sottmg tho CONT bit causo* the assoaatod timor to 
run continuously, whilo rosottmg it causos tho timor 
to halt upon maximum count If CONT -  0 and ALT
-  1, tho timer will count to tho MAX COUNT rogistor 
A value, ro jo t, count to the rogistor B valuo. rosot, 
and halt.

Not o'! rrw i«  M s aro (vov'fliH  lor t<m«> ? Cc'tnm 
C IS aro ha'dwirod as indented boiow.

ALT -  o ext -  o. p -  o, nro -  o. mu -  o

C oun t R e g is te r*

Ea:h ol the three timer* ha* a t 6 b«t count register. 
Tho content* ol tN* register may be road or written 
by the processor at arty timo II the registor is written 
while the timer i t  counting, the new value will take 
effect m tho current count cycle.

Max C oun t R eg is te rs

Timor* 0 and 1 havo two MAX COUNT register*, 
while timer 2 has a single MAX COUNT rogistor. 
Thoso conta'n tho number ol evont* the timor will 
count. In timer* 0 and 1, tho MAX COUNT register 
usod can alternate between tho two max count val- 
uos whenever the current maximum count is 
reached. A timor rosot* whon the timor count regis­
ter oquals the max count value being usod. II tho 
timor count register or tho max count rogistor is 
changod so that the max count I* loss than tho timor 
count, the timer doos not immediately rosot. Instoad, 
tho timor counts up to 0FFFFH, "wraps around" to 
zoro, counts up to tho max count value, and thon 
rosot*

T im ers  and R eset

Upon RESET, the Timers will perform the following 
actions:
•  All EN (Enable) bits are reset preventing timer 

counting.
• For Timor* 0 and 1, tho RIU bits are rosot to zoro 

and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH.

INTERRUPT CONTROLLER

Tho 80188 can rocolvo interrupts Irom a numbor of 
*ourcos, both intornal and oxiornal. Tho Intornal in­
terrupt controllor sorves to morgo thoso roquosts on 
a priority basis, for Indrvidual sorvico by the CPU.

Intornal Intorrupt sourcos (Timers and DMA chan- 
nols) can bo disnblod by thoir own control rogistors 
or by mask bits within tho interrupt controller. The 
60188 intorrupt controllor has its own control regis­
ter that sots the modo of operation for tho controller.

Tho intorrupt controllor will rosolve priority among 
roquosts thnt aro ponding simultaneously. Nesting Is 
provided no mU'.'iupt norvicn rputmos lor l.iw rr priori­
ty interrupt* may bo interrupted by lughor priority in­
terrupt*. A block diagram ol tho interrupt controller is 
shown In Figure 21.

The P0188 has a spooal slavo modo in which the 
Intornal intorrupt controllor acts as a slavo to an ox­
tornal ma*tor. Tho controllor i* programmod into this 
modo by sotting bit 14 m the poriphoral control block 
relocation register (Seo Slavo Modo toction.)

MASTER MODE OPERATION

In te rru p t C o n tro lle r E xte rna l In te rfa ce

Five pm* are providod lor oxlernal intorrupt *ourcos. 
One c* tnoso pms is NMI. tho non-maskable intor­
rupt NMI Is ponorally usod lor unusual ovonts such 
as powor.lail intonupts. Tho othor lour pms may bo 
conligurod m any of tho following ways;
•  As lour interrupt Input line* with internally gener­

ated intorrupt vector*.
• As an Intorrupt line and interrupt acknowledge 

line pair (Cascado Mode) with oxiernally generat­
ed interrupt voctors plus two interrupt input lines 
with intornaiiy gonoratod vectors.

• As two pairs ol mtorrupt/mterrupt acknowledge 
linos (Cascade Modo) with exiernaliy generated 
interrupt vectors.

Extornal sourcos in the cascade modo use external­
ly gonoratod interrupt vectors. When an interrupt is 
acknowledged, two INTA cyclos are initiated and the 
voctor is road into tho 80188 on the second cycle. 
Tho capability to interlace to extornal 8259A pro­
grammable interrupt controllor* is provided when 
tho inputs are configured in cascade mode.
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In terrupt C o n tro lle r M odes o f 
Operation

The basic modes ol operation ol the intom jpt con­
trollor in mastor modo are similar to the 8259A. The 
Intorrupt controllor rosponds id en tica lly  to internal 
interrupts in all throo modes: the diflorenco is only in 
tho interpretation ol lunction ol the lour extornal in­
torrupt pms. Tho intorrupt controller is set into one ol 
theso throe modes by programming the correct bits 
Inlho INTO and INTI control rogislers. Tho modes ol 
Interrupt controllor operation aro as follows:

FULLY NESTED MODE

Whon in the lully nostod modo lour pins aro used a t 
diroot Intorrupt roquosts as in Figuro 22. Tho vectors 
lor thoso lour inputs aro gonoratod internally. An in- 
sorvico bit is providod lor ovory intorrupt sourco II a 
lowor pnority dovtco roquosts an intorrupt while the 
m-sorvico bit (IS) is sot. no intorrupt wilt be generat­
ed by tho intorrupt controllor. In addition, If another 
intorrupt roquost occurs from the same intorrupt 
sourco while the in-sorvice bit is *et, no Interrupt will 
bo gonoratod by tho Intorrupt controller. This allow t 
intorrupt sorvlco routinos to operate with intorrupt* 
enabled, yet bo suspondod only by Interrupts ol 
higher prionty than tho In-service in torrupl

Whon a sorvico routine is completod, tho propor IS 
bit must bo rcsot by writing tho propor pattorn to tho 
EOl rogistor. This Is roquirod to allow subsequent 
mtotrupts Irom this Intorrupt source and to allow 
servicing ol luwur-prionly intorrupts. An EOl com­

mand is executed at tho ond ol tho service routine 
|ust bolo'e tho return Irom intorrupt instruction. If tho 
fully nested structure has boon upheld, tho next 
highost-prionty source with its IS bit sot is thon serv­
iced.

CASCADE MODE

The 80188 has four intorrupt pins and two ol them 
have dual functions. In tho lully nostod modo tho 
four pins are used as direct intorrupt Inputs and the 
corresponding vectors aro gonoratod mtornaily In 
tho cascade modo. tho four pins aro conftgurod into 
Intorrupt input-dedicatod acknowlodgo signal pairs. 
Tho interconnection i t  shown in Figuro 23. INTO is 
an intorrupt input Intortacod to an 82S9A. while 
INT2/IFJTA0 sorvot as tho dodicatod interrupt ac­
knowledge signal to that ponphoral Tho sumo is 
truo lor INTI and IN T D /fN iA l. Each pan can soioc- 
tivoly be placed In tho cascado or non-cascade 
modo by programming tho prop or value mto INTO 
and INTI control rogistors. The use ol tho dod cated 
acknowledge signals eliminates the need lor tho uso 
of extornal logic to generato IKTC and device soloct 
signals.

The primary cascado modo allows tho capability to 
servo up to 128 extornal intorrupt sourcos through 
the uso of external master and slavo 8259As. Throo 
levels of priority aro croatod, roquiring prionty resolu­
tion in tho 80188 intorrupt controllor, the mastor 
8259As, and tho slave 8259As. If an extornal inter­
rupt is sorvlcod, ono IS bit is sot at oach ol thoso 
levels. Whon tho interrupt sorvico routino is complet­
ed, up to throo ond-ol-lntorrupt commands must be 
issuod by the programmor.

SPECIAL FULLY NESTED MODE

This modo Is ontorod by sotting tho SFNM bit In 
INTO or INT1 control rogistor. It enables complete 
nostability with external 8259A masters. Normally, 
an interrupt request from an intorrupt sourco will not 
bo recognized unless the In-sorvice bit for that 
source is reset. If more than one Interrupt source is 
connectod to an extornal interrupt controller, all of 
the interrupts will bo funneled through tho same 
80188 interrupt requost pin. As a result, if the extor­
nal intorrupt controllor rocotvos a higher-priority in­
torrupt, its intorrupt will not bo recognizod by tho 
80188 controllor until tho 80188 in-scrvico bit is ro­
sot. In special lully nested modo, tho 80188 interrupt 
controllor will allow interrupts from an oxtornal pin 
regardless of tho state ol the in-sorvico bit lor an 
intorrupt source in ordor to allow multiple intorrupts 
from a single pin. An in-sorvice bit will continuo to bo
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sot, howovor, to Inhibit intorrupts Irom olhor lowor- 
priority 80188 intorrupt sourcos.

Spocial procedures should bo lollowod whon r030t- 
ting IS bits ot tho ond ol intorrupt sorvico routinos. 
Soltwaro polling of tho IS rogistor in tho oxtornal 
mastor 8259A is roquirod to dotormine if Ihoro Is 
more thon ono b<t sot. II so, tho IS bit in tho 80188 
romams active and tho noxt intorrupt sorvico routino 
is ontorod.

O pe ra tio n  In a P o lled  E nv iron m en t

Tho controllor may bo usod In a pollod modo if intor- 
rupti aro undosirablo Whon polling, tho p'ocossor 
disables Intorrupt* and thon polls tho Interrupt con­
troller whonovor ft is convoniont Polling tho mtnrrupt 
controllor i t  accomplished by reading »>o Poll Word 
(Figure 32). Oil 15m  tho poll word indicates to tho 
processor that an ol high enough f-rcrity it
r<*TK'st'-’ g torvico h>*-. n -4  irvtie.no to mo p r o :^ -  
sor tho typo voctor Of tlvo highost-pfiority source re­
questing torvice. Road>ng tho Poll Word causos tho 
In Se<vico bit of tho highest priority sourco to bo sot

It Is dosirablo to bo oblo to road tho Poll Word mior- 
mation without guaranteeing torweo ol any ponding 
interrupt. I.e., not to t tho irxKatod uvtorvico bit. Tho 
80138 provides a Poll S tatut Word in addition to tho 
conventional Poll Word to allow th it to bo dono. Poll 
Word information is duplicated In tho Poll Status 
Word, but reading tho Poll S tatut Word doot not to t 
tho associated m-torvico b it Thoso words aro locat­
ed In two adiacont momory locations in tho rogistor 
filo.

Figure 22. Fully Nested (Direct) Mode In terrupt 
C on tro lle r C onnection*

M a sto r M ode Features

PROGRAMMABLE PRIORITY

Tho usor con program tho intorrupt sources into any 
of oight difloront priority lovols. Tho programming is 
dono by placing a 3-bit priority lovol (0 -7 ) in tho con­
trol rogistor of each intorrupt source. (A *ourco with 
a priority lovol of 4 has highor priority ovor all priority 
lovols from 5 to 7. Priority rogistor* containing values 
lowor than 4 have groator prionty). All intorrupt 
sourco* havo preprogrammed dolautt priority lovol* 
(soo Tablo 4).

II two roquosts with tho same programmed priority 
lovol aro ponding at onco, the priority ordonng 
*chomo thown in Tablo 4 Is usod. If tho sorvicod 
intorrupt routine reonablo* intorrupt*. othor intorrupt 
roquosts can bo serviced.

END-OF-INTCnrtUPT COMMAND

Tho ond ol interrupt (EOl) command is usod by tho 
programmor to rosot tho In-Service (IS) bit whon an 
Intorrupt torvico routino is complotod. Tho EOl com­
mand it  issuod by wnltng tho propor pattorn to tho 
EOl rogistor Thoro aro two typos ol EOl commands, 
sp o o ls  and nonspocilc. Tho nonspootic command 
doo t not tpocily which IS t>t it  rosoL Whon Issuod, 
tho interrupt controllor automatically rosot* tho IS bit 
Ol tho highest priority source with an actrvo sorvico 
routino. A spocilic EOl command roquiros that the 
programmor *ond the intorrupt vector type to the in­
torrupt controllor indicating which source’* IS bit is 
to bo rosot. This command i* uted whon the fully 
nostod itructuro has boon disturbed or the highost 
priority IS txt that was to t doos not belong to tho 
sorvico routino m progre**.

TRIGGER MODE

Tho four oxiornal intorrupt pin* can be programmed 
in oithor edge- or level-tnggor mode. The control 
rogistor for oach extornal source has a level-trigger 
mode (LTM) bit. All intorrupt input* are active HIGH. 
In the edge sonsa mode or the level-trigger mode, 
the interrupt requost must remain active (HIGH) until 
the interrupt requost Is acknowledgod by tho 80188 
CPU. In the edge-sonse modo, if the level remains 
high aftor the Intorrupt is acknowledged, the input i* 
disabled and no further requests will bo generaied. 
Tho input lovol must go LOW lor at loast one clock 
cycle to reonablo tho input. In tho level-tnggor mode, 
no such provision is mado: holding tho intorrupt input 
HIGH will cause continuous interrupt requests.
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INTERRUPT VECTORING

Tho 80188 Interrupt Controller will generate interrupt 
vectors lor the integrated DMA channels and the in­
tegrated Timers. In addition, the Intorrupt Controller 
will gonoralo interrupt vectors tor the external inter­
rupt linos il they are not configured in Cascado or 
Special Fully Nested Modo. The interrupt vectors 
gonoratod are fixod and cannot bo changed (see Ta­
blo 4).

Interrupt Controller Registers
Tho Iniorrupt Controller rogistor modol is shown in 
Figuro 24. It contains 15 rogistors. All rogisters can 
both bo road cr wntton unloss spocifiod othorwise.

IN-SERVICE REGISTER

This rogistor enn bo road from or written into. The 
lormat is shown In Figuro 25. It contains tho ln-Sorv- 
ico bit lor oach of tho mtorrupl sources. Tho ln-Sorv- 
ico bit is sot to indicato that a sourco's sorvico rou- 
tino i i  in progross When an In-Sorvico tut Is sot, the 
interrupt controllor will not gonorote interrupts to the 
CPU whon it rocotvos Intorrupt roquosts from dovic- 
us with a lowor programmed priority lovol. Tho TMR 
t i t  Is tho In Sorvico bit tor oil throo timors; tho DO 
and 01 bits aro tho In-Sorvlco bits for the two DMA 
chnnmils; tho 10-13 aro tho In-Service bits for tho 
oxiornal intorrupt pins. Tho IS bit Is sot whon the 
processor acknowlodgo* an interrupt request eithor 
hy nn intorrupt acknowlodgo or by reading tho poll 
r<'f) slur. Tl'w IS bit is tosot ut tho end of tho Interrupt 
sorvico routine by an ond-of-intorrupt command.

INTERRUPT REQUEST REGISTER

The intornal interrupt sourcos have intorrupt roquost 
bits inside tho interrupt controllor. Tho format of this 
rogistor is shown in Figure 25. A road from this regis­
ter yields the status of thoso bits. The TMR bit is the 
logical OR of all timer interrupt roqucsts. DO and 01 
are the interrupt request t>ts for tho DMA channols.

The state of the external interrupt Input pins is also 
Indicated. The state of the extornal intorrupt pm* is 
not a stored condition inside the interrupt controller, 
thoroforo the oxtornal interrupt bits cannot bo writ­
ten. The external intorrupt roquost bits aro sot whon 
•n  interrupt request is grvon to the interrupt control­
lor, so it odge-tnggored mode it  solectod, tho bit m 
the roguier will bo HIGH onty after an mactivo-to-ac- 
trve transition For internal interrupt sources, tho reg­
istor bits t ie  set whon a roquost arrives and are re­
set whon the processor acknowlodgo* tho requests

Writes to to tho intorrupt roquost register w^l affoct 
tho DO and D1 interrupt requost bits Sotlmg either 
bit will cause tho corresponding Intorrupt roquost 
while cloanng either btt will romovo tho correspond­
ing intorrupt roquest. AM othor bits in tho rogistor are 
road-only.

MASK REGISTER

This is a 16-bit rogistor that contains a mask bit for 
each Interrupt source. The format for this rogistor is 
shown in Figuro 25. A one in a bit position corre­
sponding to a particular source masks tho source 
from gcnorating Interrupts These mn«;k bits pro 1h« 
exact samo bits which aro usod in the individual con­
trol rogistors; programming a mask bit using tho 
mask rogistor will also chango this bit In tho individu­
al control registors, and vice versa.
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Figure 24. In te rrup t C ontro lle r R egister* 
(M a tte r Mode)

PRIORITY MASK REGISTER

This rogistor masks all interrupts bolow a particular 
Intorrupt priority lovol. The format of this rogistor is 
shown in Figuro 26. The codo in tho lowor throo bits 
ot this rogistor inhibits intorrupts ot priority lowor (a 
hlghor priority numbor) than tho code spocifiod. For 
oxamplo, 100 wntton into this rogistor masks inter­
rupts of lovol frvo ( 101), six (110), and seven (111). 
Tho register Is rosot to sovon (111) upon RESET so 
no Intorrupts aro masked duo to priority numbor.

INTERRUPT STATUS REGISTER

This rogstor contmns gnnorjl intorrupt controller 
status information Tho format of this register is 
shown m Figure 27. The bits in the status rogistor 
havo tho following functions:
DMLT: DMA Halt Transfor. setting thi* txl halts all 

DMA transfor* It is automatically sot when- 
over a non-maskable intorrupt occurs, and it 
is reset when an IRCT instruction Is oxocut- 
od. This bn allows prompt sorvico of all non­
maskable intorrupt* This bit may also bo sot 
by the programmer.

IRTx; Thoso throo bit* roprosont tho individual tim­
or interrupt requost bits. Theso bits difloren- 
tiate botwoon timor intorrupt*. since tho tim­
or IR b<t in tho interrupt roquost rogistor is 
the "O R " (unction of all timor intorrupt re- 
quost*. Note that sotting any ono of those 
throo b«t» initiates an interrupt requost to the 
intorrupt controller.

11 M '« • • i  • » « i  i  i «
1 0 1 0 1 . • 1 0 1 0 | 0 | 11 | IJ | 11 | Q | Ol 1 00 ( 0 1 1M» 1

Figure 25. In-Service, In te rrup t Requeat, and M atk R e g ltte r Form at*

i i  i« 1 1 1 0

Figure 26. P rio rity  Mask R egister Format

IS 14 1 *  s 4 J 2 1 0

Figure 27. In te rrup t Status R egister Form at (norvRMX Mode)
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TIMER. DMA 0, 1; CONTROL REGISTERS

Thoso rogistors are the control words for all the in­
ternal intorrupt sources. The lormat lor these regis­
ters is shown in Figure 26. The three bit positions 
PRO, PR 1, and PR2 ropresent the programmable pri­
ority level of the intorrupt source. Tho MSK bit inhib­
its intorrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify­
ing thorn in tho individual control rogisters will also 
modify thorn in tho Mask Rogister, and vice versa.

INT0-INT3 CONTROL REGISTERS

Those rogistors aro the control words lor the four 
oxtornal input pins. Figure 29 shows tho format ot 
Iho INTO and INTI Control registers; Figuro 30 
shows tho lormat o l tho INT2 and INT3 Control reg­
isters. In cascade mode or special fully nestod 
modo, tho control words lor INT2 and INT3 are not 
usod.

Tho bits in the various control rogistors are encodod
as follows:
PFIO-2: Priority programming Information. Highest 

priority “  000, lowest priority -  111. 
LTM: Lovol-triggor mode bit. 1 «  lovel-trig- 

gored, 0 -  odgo-triggored. Intorrupt Input 
lovnls aro activo high. In lovel-tnggorod 
modo. an Intorrupt is goneratod whenever 
tho external lino Is high. In edgo-triggorod 
mode, an interrupt will be generated only

when this level is procoded by an mac- 
tive-to-actrve transition on tho imo. In botn 
casos. the level must remain active until 
tho intorrupt is acknowlodgod.

MSK: Mask txt, 1 -  mask; 0 -  non-mask 

C: Cascade modo bit, 1 -  cascade, 0 -  di­
rec t

SFNM: Special fully nestod modo b«t. 1 *■ SFNM. 

EOI REGISTER

The end Ol the interrupt rogistor is a command roas ­
ter which can only be writion into The format ol this 
rogistor i t  shown in Figure 31. It imtiatos an EOI 
command when written to by the 60188 CPU

The bits in the EOI register aro encoded as follows 
S„: Encodod information that ipocihes an in­

terrupt source vector type at shown m 
Table 4, For example, to reset tho In- 
Service bit lor OMA channel 0, these b<ts 
should bo set to 01010. since the vector 
type for DMA channel 0 is 10.

NOTE:
To rosot tho singto In-Sorvico bit lor any ol tho 
three timers, the voctor type for timor 0 (8) should 
bo wntton in this register.
NSPEC/: A bit that dotorminos tho type of EOI com- 
SPEC mand. Nonspecific -  1. Specific -  0.

ts u 4 1 1 1 0

Figure 28. Timer/DMA Control Register Formats

1S 14 7 •  S 4 1 1 1 0
I 0 |SFNM| C I LTM | WSK | PRJ | PR! | PRO |

Figure 29. INT0/INT1 Control Register Format*

IS 14 t  4 1 1 1 0

Figure 30. INT2/1NT3 C ontro l Register Form ats
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POLL AND POLL STATUS REGISTERS

These registers contain polling Information. Tho tor- 
mat ol thoso rogistors is shown In Figuro 32. They 
can only bo road. Reading tho Poll rogistor consti­
tutes a sottwaro poll. This will set tho IS bit ot the 
highest prionty pending Intorrupt. Roadmg tho poll 
status rogistor will not set tho IS bit ot the highost 
priority ponding Intorrupt: only the status ol ponding 
Interrupts wifi bo provided.

Encoding of the Poll and Poll Status rogistor bits are
as loKows:
S,: Enrodnd Information that indicatns tho

vn.-tor type Ot Iho hi ghost priority intiir- 
ruptmg source. Valid only whon INTMEQ
-  1.

INTHEQ: This bit determines it an Interrupt ro q im t 
is prcsont. Interrupt Request “  I. no In­
terrupt Request -  0.

SLAVE MODE OPERATION
When stavo mode is used, tho intornal 80188 inter­
rupt controllor will be usod as a slave controllor to an 
e«tomal mastor intorrupt controllor. Tho intornal 
60183 rosources will bo monitorod by the Internal

Intorrupt controller, whilo tho oxlomal controllor 
(unctions as tho systom mastor intorrupt controller. 
Upon rosot. tho 80188 will be in mastor modo. To 
provido tor slave modo oporation bit 14 of the relo­
cation rogistor should bo sot.

Bocause ol pin limitations causod by the neod to 
intorfaco to on oxiomal 8259A master, tho Internal 
Intorrupt controllor will no loogor accept extornai In­
puts. Thoro aro howovor. enough 80188 intorrupt 
controllor Inputs (internally) to dedicate ono to oach 
timer. In this modo. oach timer intorrupt source has 
its own mask bit, IS bit. and Control word

In s' iwo itvv ln each per ijihorel must hr* a 'vq n o d  a 
unique priority to onuuro propor intorrupt controllor 
operation. Thoroioro. it is the programmer's respon­
sibility to assign conoct pnontios and imttahzo intor­
rupt control rogmors before onablo intorrupts.

Slave Mode External Interface
Tho configuration of tho 80188 with rospoct to an 
oxtornal 8P59A mastor is shown in Figuro 33. The 
INTO (pin 45) input is used as tho 80188 CPU inter- 
rupt input INT3 (D'n 41) functions as an output to 
send the 80188 slavemtorrupt roquost to ono of tho 
8 mastcr-PlC-mputs.

Figure 31. EOI Register Format

F igure 32. Poll and Poll Status Register Format
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Figure 33. Slave M od* In te rrup t Contro ller C onnection*

Corroct maslor-slavo Intorlaco requiros decoding ol 
the slavo addresses (CASO-2). Slavo 6259As do 
this intornaliy. Because ol pin limitations, the 80188 
slave addross will have to be docodod extornally. 
INTT (pin 44) is used as a slave-seloct input. Noto 
that tho slavo voctor addross I* transforrod Intornal- 
!y, but tho READY Input must bo supplied externally.

IRT2 (pin 42) Is usod as an acknowledge output, 
suitable to dnvo tho INTA Input o l an 8259A.

In te rru p t Nesting

Slavo modo oporation allows nesting ol interrupt ro- 
quests. Whon op Intorrupt is acknowlodgod. the pri­
ority logic masks off all priority levels oxcopt thoso
with oqual or higher priority.

V e c to r Generation In th e  
S lave Mode

Vector generation In slave mode Is exactly like that 
ol an 8259A slave. The Intem jpt controller gener- 
atos an 8 -bit vector which the CPU multiplies by (our 
and uses as »n address Into a vector table. The sig­
nificant five bits ot tho vector are usor-programma- 
bio whilo tho lower throo bits are generated by the 
priority logic. Those bits represent the encoding ol 
the priority level roquosting sorvlce. The significant 
live bits ol the vector are programmod by writing to 
the Interrupt Vector rogistor at oflset 20H.

S pec ific  E n d -o f-tn te rru p t

In slave mode the spocific EOI command operatos
lo reset an in-service bit ot a specific priority. The 
usor supplies a 3-bit pnonty-lovel value that pomts to 
an in-service bit to be reset. The command i» e*o- 
cutod by writing tho corroct v*lue m the Specific EOI 
rogistor at oflset 22H.

In te rru p t C o n tro lle r R e g is te rs  
In the  S lave M ode

All control and command rogistors are located insido 
tho intornal peripheral control block. Figure 34 
shows the offsets of these rogistors.

END-OF-INTERRUPT REGISTER

The end-of-interrupt rogistor is a command rogisto' 
which can only be writton. The lormat ol this rogistor 
is shown in Figure 35. It Initiates an EOI command 
whon wntton by the 80188 CPU.

The bits In the EOI rogister are encoded as follows: 
L„: Encoded value Indicating the priority of the IS 

bit to be reset.
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IN-SERVICE REGISTER

This rogistor can bo road from or wntlon Into. It con­
tains tho in-sorvico t>t lor oach of the intornal Intor­
rupt sources. Tho lormat for this rogistor is shown in 
Figure 38. Bit povtion* 2 and 3 corrospond to tho 
DMA channo's; po rtions 0, 4, and 5 correspond to 
tho integral timor* The *ourco's IS bit ts sot whon 
th* processor acknowlodgot its Interrupt request.

INTERRUPT REQUEST REGISTER

This rrg ^ to r indicate* whch internal ponphoral*
hnv" ........... fr- j- j«•,(* porr) ng Tho l?r.*n.-»t cf th 'j
r i ' j  '. 'o f >5 sn in f i j ' j t o  The in terrupt r r i ju o i t  
b<t* are sot whon a request *rrrv*» Irom an intornal 
sou'co and aro re io t when the processor acknowl­
edges the request As m master motfe. DO an1 D l 
a'o rea-l/wnte. nil other bits are road only

MASK REGISTER

The fo-j’iie r  contains a mask bit for each inie'rupt 
sourco The format »or thi* register is shown in Fig. 
u'e 36 If th* bit m this rog'Stor corresponding to a 
particular Intemjpt *ourc* is set. any intorrupts from 
that source will be masked These mask b<ts aro ex­
actly tho same bits wtxch ar* usod m the individual 
control rogistors. I * . ,  chang.ng the stato of a mask 
bit m this rogistor will also chango the stato ol tho 
mask bit in the individual interrupt control rogistor 
corresponding to the bit.

CONTROL REGISTERS

Those rogistors are tho control words lor all tho in­
tornal intor.'upt sourcos. The format of those regis­
ters is shown in Figure 37. Each of the timers and 
both of the DMA channols have thoir own Control 
Rogistor.

The bits of the Control Rogistors are oncodod as 
follows:
pr,: 3-bit oncodod fiold indicating a pnonty lovol 

lor the source; noto that oach source must be 
programmed at spocifiod lovols. 

msk: mask bit for the priority levol Indicated by pr, 
bits.

O ff  SCT

3 AHi t v u  *CONTncx M fo » s rrn
fTiWf n 7)

i r v c i  4 f/> N ir tO i « r r . 's r r «  
v*rn i |

u  v i i  j c O M n . x  n to iS t tn
(OMA 1) KM

I f  v n  JCONTW'X " fO iS U M
(DMA 01

D4M

U  v t l  OCOMUCl Of GTstEW 
(t'MCM 0» D?h

STATU) DOH

»Ntfn»v«M  P tO j f  ST nr.GiSTCA ; cm

in  u n r c t  r»ro'S?tM ?Ch

U v t l  Pf Jam

m a s » A iG is rc n

CO* n fG » S !|«

w«UP*»j «>T vCCTCtf HCOiSTEA ?OH

1
F lgur* 34. In terrupt C ontro ller R e g l* t*r*  

(Slav* M od*)

IS 14 H __________________________l  > I  S 4 1 l  1 *
I 0 T  0 I 0 1 « « « » I 0 I 0 I 0 | 0 1 o' I 0 I u  I II I Co I

F lgur* 35. Specific EOI R *g l» t*r Format

IS 14 13 • 1 « S 4 ) J 1 0
1 0 1 0 I 0 I • • • 1 0 I 0 | o |rwn?iTwml O' 1 00 1 o ItmboI

Figure 36. In-Service, In terrupt Request, and M a*k Register Format
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INTERRUPT VECTOR REGISTER

This rogistor provides the upper live bits ol tho intor­
rupl veclor addross. Tho formal ol this register is 
Shown in Figuro 38. The intorrupt controllor itsolf 
providos tho lowor throo bits ol the intorrupt vector 
as dotorminod by the priority lovel ol the intorrupt 
requost.

The lormat ol tho bits in this registor is: 
t,: 5-bit fiold indicating the uppor frvo bits ol the 

voctor addross.

PRIORITY-LEVEL MASK REGISTER

This rogistor indicates tho lowost priority-levol intor­
rupt which will bo sorvicod.

The encoding of the bits in this register Is: 
m„: 3-bit oncodod fiold indication pnonty-level val­

ue. All levols of lowor priority will be masked.

INTERRUPT STATUS REGISTER

This rogistor Is dofinod as In mastor modo e*copt 
that DHLT Is not implomonted. (Seo Figure 27).

In terrupt C ontro ller and Reset

Upon RESET, the interrupt controllor will poriorm
tho following actions:
•  All SFNM bits reset to 0. implying FuUy Nostod 

Modo.
•  All PR bits m the various control rogistors sot to 1. 

This places all sources at lowest priority (lovol 
111).

•  All LTM bits rosot to 0. resulting in odge-sense 
mode.

•  All Interrupt Service tuts reset to 0
•  All Interrupt Requost bits rosot to 0
•  All MSK (Intorrupt Mask) bits set to 1 (mask)
•  All C (Cascado) bits reset to 0 (non-cascado)
• All PRM (Priority Mask) bits set to t. implying no 

levels maskod.
•  Initialized to mastor mode.

1» 14 1) | r « S 4 1 1 1 0
l o l o l o l .  .  . • i 0 I  o I  0 I 0 I o 1 msk 1 pr j  I mi  I pno I

Figure 37. Control Word Format

IS 14 IS A 7 » S 4 1 J 1 0
l o l o l o l *  . . .  | 0 1 1 13 j l» r * l 1 1 to i 0 i 0 1 0 1

Figure 38. Interrupt Vector Register Format

IS 14 1) | 7 « S 4 ]  2 1 o
l o l o l o l *  . . .  | 0 1 o I 0 I 0 I 0 I 0 I m? | ml I mO |

Figure 39. Priority Level Mask Register
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Figure 41. Typica l 80188 Multi-M aster B u t In terface
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ABSOLUTE M AXIM UM  RATINGS*

Ambient Temperature undor B ia s ___ 0*C to + 70*C
Storage Tomporoture ...................- 6 5 ’ C to + 150*C
Voltage on any Pm with

Rcspect to Ground...........................- 1  0V to +■ 7V
Power D iss ipa tion ............................................... 3 Watt

'N o tice : Stresses above thoso hstod under "Abso­
lute Maximum Ratings " may cause pormanent dam­
age to the device. This is a stress rating onty and 
functional oporation o f the do vice at those or any 
other conditions above those indicated in the opera­
tional sections o l tins specification is not implied Ex­
posure to absduto maximum rating conditions to f 
OKtonded periods may at foot devrco reliability.

D.C. CHARACTERISTICS (TA -  o-c to * 70*C, Vcc -  sv t io s )
Applicable to 0010ft (0 MMl)

| Symbol Parameter Mm Mb * I Unit* Te*t C ondition*
■ v il 1 Input Low Volt.IQo - 0  5 • 0 8 ! V

—

| v , „ Input High Vollago 
(All e.cept XI and FVET5)

20 Vcc *  0 5 V

1 V,n, Input High Vollngo (RES) 3 0 VCC ♦ 0 5 V

I Vcu X1 Input lo w  Vottago - 0  5 0 6 V
| VCMI XI Input High Voltage 3 9 Vcc ♦ 1-0 V

Vo-. Output Low Voltage 045 V Ia •  2 5 mA lor 5 3 -5 2
1, ~ 2 0 mA tor oil other output*

VOH Output Miqh Voltage 2 4 V lo* m “  400 A
■cc Powor Supply Curronl 600* mA T* -  -40*C

500 mA Ta -  0*C
415 mA T* -  + 70*C

«LI Input Lookage Curront 1 10 ma 0V < VIN < Vcc
•lo Output Leakago Current 1 10 tiA 0 45V < Voux < Vcc
v CLO Clock Output Low 0.8 V l( "  4.0 mA
VcmO Clock Output High 4 0 V 1 o j *  — 200 nA
Cin Input Capacitance 10 PF
C,o I/O  Capacitance 20 PP

rw •rttno#c t # m p4ru ..... ....................... ■
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PIN TIMINGS

A.C. CHARACTERISTICS (TA ■ 0aC to  + 70*C, Vqq *  5V 1 10%)
80188 Timing Requirements AH Timings Measured At 1 5 Volti Unless Otherwise Nolod

Symbol Parameter
(O K I

( I  MHl) Unlta Tatt
Condition*

Min Mai

Tpy.?^... Data m Setup (A/0) 20 nt
Ta o * D a ta* Hold (A/O) 10 ns
TarymCm Asynchronous Reedy 

(AHOY) active so tup 
timel ’ 1

20 ns

Tabyici AROY «ect«e setup 
time

JS n«

T^iarx ARDY how time 15 ni
Tarycmi Asynchronous Ready 

mactfve bold tme
15 ns

Tsbyci. Syncrvonou* Ready 
(SRDY) Trtntibon 
Setup Time*?)

20 ns

tcishy SHOY Transition 
Hold Timelfl

15 n*

TmvCI HOLD SetupW 25 ns
TinvCm INTR, NMI. TEST. 

TMR IN. Setup!*)
25 nt

liNvrt OROO, DRQ1, Satupl'1 25 ns
80188 Matter Interlace Timing Reaponaet

TCUV Address Valid Delay 5 55 ns
.....T-CL̂ x Addross Hold to ns

Tcl«z Address Float Delay TCb»X 35 n j
tcmcz Command Line* 

Float Delay
45 ns

tCmCV Command Line* Valid 
Delay (after float)

55 ns

... W ALE Width Tcict. -35 nj
tchlh ALE Active Dolay 35 n*

______ ALE Inactive Delay 35 ns all outputs (except Tcumv) 
•  8 MHltilax Address Hold to 

ALE Inactive
TCHCL“  25 n»

To p y  . Data Valid Delay 10 44 ns
Tcioox Data Hold Time 10 ns
Twmox Data Hold aftor WR Tc ic t - * o ns
Tcvctv Control Active Delay 1 5 50 ns
tcmctv Control Active Dolay 2 10 55 ns
Tcvctx Conti ol Inactive Dolay 5 55 ns
tcvoex 0CN Inactivo Dday 

(Non-Wnte Cycle)
10 70 ns

1. To guarantee recognition at next clock.
2. To guarantoe proper operation.
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PIN TIM INGS (Continued)

A.C. CHARACTERISTICS
(TA -  0'C to • 70‘ C, VCC -  5V 1 10%) (Contmuod)

Symbol Parameter ( 01(((( MHl)
Min Mil

Units T t it
Conditions

T»;«t A<we»s f >oet tono a dm 0 nt

TCl".. nD Act*»e Oeiey to ro nt

I t f l , M no Inectoe Delay 10 55 nt

T»...y no Inecwe lo A A < i w e Ta c i  - 40 nt

T'i.«*v hlDa v*»<j 0 '»y 5 w nt
T:„ 0>< no v.«rh .r_cia . nt

1 1 (V A'* v.n .v/?ih ?r a a -40 nt

1 1»„. a-vvh* va‘ 1 toA', f; Tcich - : * rt% 
i \ ~i| Tr*«v/ SU'« Ac't/n tV »t 10 1 sr»

1 T Statu* li'a't've Dolay 10 65 nt
r r^ . . 1 .me* Output ay 1 ftO r*t \r/) r* 1
Tcv*o Re»et Delay (VO nt

____________
T f * 0*

Queue Status Delay D5 nt

Status Hold time 10 nt

tavO< Address Valid to 
Oock Ĥ |h 10 nt

Tc u v COCK VaW/lnvakd 
Delay

5 65 nt

(01(8 Chip-Select Timing Response*

TClCSv CNp Select 
Acwe Dolay

(Sj nt

TCxCSx Chp Se'oct Hok) Itom 
Command Inactive

35 ns

tChCSX Chip Soiecl 
Inactive Delay

5 35 ns

(0188 CLKIN Requirements

TCKIN CLKIN Period 62 5 250 ns

tCkhi CLKIN Fall Time 10 nt 3 5 to 1.0V

Tck(.m CLKIN Rue Time 10 ns 1 0 to 3.5V

t CLCK CLKIN low Time 25 ns 1 5V

TcmC« CLKIN High Timo 25 ns 1.5V
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PIN TIMINGS (Continued)

A.C. CHARACTERISTICS (Continued)
(TA -  0*C to + 7<rc. Vcc -  5V * 10%) (Continued)

total CLKOUT Timing (200 pP lo.d)

Symbol Parameter
I 01M

(1 MHi) Until Test
ConditionsMin Met

TCiCO CLKIN to 
CtKOUT Skew

50 n«

CLKOUT Period 125 500 m
.. TCICm CLKOUT Low Time . V.TCUX-7S ns 1 5V

Tc » a CLKOUT High Time % T r i^  "  7 5 nt 1 5 V
.... CLKOUT Rue Time 15 n* 1 0 10 3 5V

... Tcuci.i . . CLKOUT Pell Time 15 ns 3 5 lo 1 OV

Explanation o f tho AC S ym bo ls

Each timing symbol has from 5 to 7 charactor*. Tho 
first choractor is always a "T "  (stands for timo). Tho 
othor characters, doponding on thoir positions, 
stand for tho name of a signal of tho logical status ol 
that signal. Tho following is a Hst of all the charac­
ters and what thoy stand for.
A: Addross
ARY: Asynchronous Ready Input
C: Clock Output
CK: Clock Input
CS: Chip Soloct
CT; Control (0T/R, B E f l , . . . )
D: Oala Input
DE: BEN
H: Logic Level High
IN: Input (DROO, TIMO, . . . )

L: Logic Level Low or ALE
O: Output
OS; Ouooe Status (OSt, OS?)
R: RD Signal, RESET S^nal
S; Status (55. S I, 52)
SRY: Synchronous Roady Input
V; Valid
W: WR S'gnal

X; No Longor a Valid Logic Level
Z. Float

Examples:

Tclav—  Time from Clock Low to Address Valid 
Tcmlk— Time from Clock High to ALE High 
TCICSV— Time from Clock LOW to Chp Solect Valid
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W AVEFORM S

M a jo r C yc le  T im in g
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WAVEFORMS (Continued)

CLKOUT

TCllV —
Lock

J r

CIKOUT 

TCMOSV

J  
" 1 r c s h

1CLR0— 1

OSO.OSI
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W AVEFO R M S (Continued)

HOLD-HLDA TIMING
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WAVEFORMS (Contmuod) 

Timer On 80188

80188 EXPRESS
The Intel EXPRESS system oilers enhancements to 
the operational specifications ot tho 80188 micro­
processor. EXPRESS products aro dosignod to 
meet the noods ol thoso applications whoso operat­
ing requirements oxcood commercial standards.

Tho EXPRESS program includes tho commercial 
standard temperature rango with burn-in and an ox- 
tondod temperature rango without burn-in.

With tho commercial standard temperature rango. 
operational characteristics aro guaranteed ovor tho 
temperature rango ol 0*C to 70'C. With the extend­
ed tomporature rango option, oporational character­
istics aro guaranteed over the rango ol - 4 0 ‘ C to 
+ 85'C.

Tho opuonal burn-in is dynamic, lor a minimum time 
ol 160 hours at 12S‘ C with Vcc "  5.5V 10  25V. 
following guidelines in MIL-STD-883. Method 1015.

Package types and EXPRESS vorsions are idontilied 
by a ono or two-fetior prolix to the pari numbor. Tho 
profixos aro listod m Tablo 16 All AC and DC specifi­
cations not montionod in this section are the same 
tor both commercial and EXPRESS parts

Table IS. Prefix Identifica tion

Prefix Package
Type

Tem perature
Range

Burn-In

A PGA Commoroal | No

N PICC Commercial No

R LCC Commercial No

TA PGA Extend od No

OR LCC Commercial Yes

NOTE;
Not til p»cKtge/l«mp*ritur« range combmttionj art a<rajl- 
abte.
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80188 EXECUTION TIMINGS

Since the bus interface unit and exocution unit opor- 
ato indopondentfy. a determination of 60188 pro­
gram exocution timing must considor tho bus cyclos 
nocossary to profetch instructions as woll as the 
numbor of oxocution unit cycles necessary to exe­
cute instruction*. Tho following instruction timings 
roprosent the minimum execution time in clock cy­
clos for each instruction. The timings givon are 
based on tho following assumptions:
• Th® opcodo. along with any data or displacement 

requirod for execution of a particular Instruction, 
has boon profotchod and rosides in tho quoue at 
the time it is noodod.

• No wait statos or bus HOLDs occur.

All instruction* which involve memory accossos can 
also require one or two additional clocks above tho 
minimum timings shown duo to the asynchronous 
handshake betwoon tho BIU and oxocution unit.

All jumps and calls include the timo roquirod to fotch 
the opcode of the noxl instruction at tho destination 
address.

The 80188 8-bit BIU i» noticoably hmitod in its por- 
formance relative to the execution unit. A sufficient 
number of prefetchod bylos may not rosido m tho 
profetch Quoue much of tho time Therefore, actual 
program oxecuton time may bo substantially groator 
than that derrvrfd from adding the instruct on tirrvngs 
Shown.
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/ O J  Semiconductor 
A i H  Corporation

LM139/239/339, LM139A/239A/339A, LM2901, LM3302 
Low Power Low Offset Voltage Quad Comparators
G e n e ra l D e s c r ip tio n
Thn IM139 lonot convM t ol lour indopi'ndenl p»«Kit»on 
vottngn comparaio<l with an o lltet voltago *p*C'l'Cation at 
low at 2 mV man lo» HI touf comp.vato»t Th«te wort da- 
vgnod SPACitiCllly 10 operala Irom a trng'e powef tuoply 
Ovur a wk)o rang* ol vo'tagoi C p oa ton  tfom tpM pow*r 
jupp iio t it  a lto poM'blo and iha low powe» toppiy cixtool 
dr.nn it  independent ol tho magnitude ot the pow<w »upp*y 
vonaqo Thotn comoa<eto<t i ito  have a unique characlent- 
ItC m th.il the input common m o ll voltage larvjo mcS/Jet 
qround. ovon thougn optxanxl I'om a vngi# pow«H vipp*y 
vonaqo
Application arnat include limn comparator*. »*np(e analog 
10 digital converton. pulto. *qua'»weve and time d«iay g*n- 
oraton; wide rang* VCO; MOS clock tim**t. multivibrator* 
and rnqh voltage digital logic gatat The LM139 i « * t  wat 
doiignnd to directly interlace with T IL  and CMOS Wh«o 
opr>ratr>d Irom bom plut and m*iut powor tuppiie*. they wtt 
diroctiy mtortace wiih MOS logic—  * h « «  ihe tow power 
drain ol th« IM339 n  a dutincl advantaqe over jtandard 
comparator*.

A d v a n ta g e s
■ High prncil'On comparator*
■ flw luco il V p j dult ovor lomporaturo

■ Eliminate* ne*<J to* dual I <pP',* t
■ Altow* ttn t.n g  near ONO
■ C o^patib 'a  with a* t o " * *  ot lo g *
■ Powt* dra.n tuitabia lo» fc«r*ry co*<atcn

F e a tu re s
■ /r-de *.ngie tuppty vortage rang* ol d ja l *uppt-»t 

LM139 *#r.ev 2 V^c to 3A VrjC v  
IM139A terw t. IM2901 : 1 V ;C to t  1» Vcc 
IM3302 2 Vfv; to 24 VK

0< t  I V (x to 1 14 V~;

■ Very low VJPP*Y current drain (0 8 mA) — ndnp«n<)»nl 
ot iupo»y voltage |2 mW/comparatof at ♦ 1 V y J

a low  mpu1 b«at>ng current 15 nA
■ low  input oftt«t current i  5 nA 

and ofttot voitaga * 3 mv
■ Input common-mod# voltaqe tango inctudet GND
■ O-fferential mput voltage rang# egual to the power 

tupp ly  voltage
■ lev* Output tilturntisn voltage ! ,.r> mV .it ■» r-A
■ Culput voltage compatible wilh TT l. DTl. ECL. MCS 

ana CMOS Icqic *y*tom t

S c h e m a tic  a n d  C o n n e c t io n  D ia g ra m s
Oujl-ln-L ir.u r’ .tekago

UUII'II I C *f*U I « C-.0 I t ’ u l 1 . I« ru t • tw il l  1* i«»ul I

ouinji > autru* 1 I*PUI I I * * u l t-

Order Number LM139J, LM139AJ. IM239J. IM239AJ, 
LM339J. IM339AJ, LM2901J or LM3302J 

See NS Packnge Number J14A 
Order Number LM339AM, LM339M or LM2901M 

See NS Package Number M14A 
Order Number LM339N. LM339AN,

LM2901N or LM3302N 
See NS Package Number N14A

□
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T y p ic a l P e r fo rm a n c e  C h a ra c te r is t ic s  lm u 9/i.m739/lm339.im i3»a/lw23«a/lm339a.lmsjo?

T y p ic a l P e r fo rm a n c e  C h a ra c te r is t ic s  imw di

Supply Current Input Current Output Saturation Voltage

Fl*«pon«* Tim* lor Varlou* 
Input Ov*rdriv**-N*g*tlv* 
Trtntllion

m tu n  ta « « ia i t

R*»pon»* Tim* lor Varlou*
Input Ov*rdrlv**-Po»ltlv* 
Tr*n*lllon

Output Saturation Voltag*Supply Currant
i>

i  n n m
i ‘  . m » n iT iiiii i r>„i

Input Current

R**pon»* Tim* tor Varlou* 
Input 0 » f rdrlv**—Nagnliv* 
Trnmitlon

n*apoo*« Twn* tor Varlou* 
Input Ovaidrlvaa—PoaMtv* 
TrantMlon
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A p p lic a t io n  H in ts
The LM I39 tenet ar* h«jh gam. wid* bandwidth d *v ic*t 
wh<h. i>k« motl comoa/aton. t in  eauly otcillate il the out- 
pul load i t  mitfvertontty allowed to capacitrv«ly couple lo 
the input! mu tiny capacitance. Thu th o w t up only during 
in* output voltage l/tnvtion  interval! a t th* comparator 
Change! ttato i Power tupply bypamrig I* not required 10 
so»v* Ihn proWom. Standard PC board layout i t  h *lpM  a t ft 
reduc*t kt/ay input-output coupling Reducing thu input r*- 
tu to r t to < 10 Ml reducot th« feedback tignal levelt and 
finally, adding *v*n a »maH amount (1 to 10 mV) ol povtrve 
feedback (hyiiereait) cautet loch a rapid trannton that 
o tc illa to n i du* lo Itray feedback are not potvb ie  S«mp*y 
tockoling th« 1C and attaching re v n o r t to the pint wilt 
ca u l*  input output otcilla iiont during Ih* amal Uanvton rw 
le r v a l t  u n l « n  h y t t e r e t r t  It m a d . II t h *  in p u t t*gr\al It a 

p u l t *  w aveform , with relatively l a t t  r t * *  a n d  tall t im * t ,  h y v  

tn r o t i t  I t  nol roqw red.

All p in t Ol any unuted comparator! thoutd b* grounded 
Th* b ia t notworV of Ih* LM139 to * * !  * t ta b lith * t  a dram 
curr*nt which n Independent of th* magnitude ol th* power 
tupply voMag* ovor th * range of from 2 Vqc lo 30 Vqc.
It it  utually unnecottary lo ut* a bypatt capacitor acrott 
tho powor luppty line.

Th* differential input voltage may b* larg*r than V • without 
damaging th* device Protection thouid b* prcvxjod to pre­
vent ih* input voltagei Irom going negative more than -  0 3 
Vqc (at 25‘C). An input clamp d*ode can be uted a t ihown 
in the application! taction
The output of th* LM 139 tenet it the uncommitted collector 
01 a groundedemtter NPN output tranuttor Many coflec- 
tort can be tied together to pronde an output ORiryj func- 
ton. An output pull-up rev nor can b« connected to any 
availabi* power tuppty voltage wiirwi th* permitted tupply 
voitag* rang* and ther* it no rettnclon on tN t voltage du* 
lo th* magrvtude oi th* voflage wtnch it  apphed to the V ♦ 
terminal of th* LM139A package Th* output can alto b* 
uted a t a umpt* SPST twitch to ground (when a pu*-uo 
realtor it not uted) Th* amount of cv»mnt wh«h th* output 
devic* can Mnfc it  Wmted by th* dr»v* available (which •* 
m d e p e n o e o i of V ‘ )  and th* fl ol thu device When the 
manrrnxn current Vrvt it  reached (approiimatefy tfl mA). 
the output tranuttor w* com* out ol taturaton and th* out­
put voltage «n» nt* very rapidly Th* output taturaton voU- 
age it  trreted by th* approimateTy 6011 OjAt of th* output 
tranvttor Th* low oft vet voftage of th* output tranuttor (1 
mV) anowt th* output to damp ettentialfy lo ground lever 
lor tmall load current!

T y p ic a l A p p lic a t io n s  (v* -  s.ovoc)

Batlc Comparator Driving CMOS Orhrlng TTL
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T y p ic a l A p p l ic a t io n s  (v* -  (Continued)

On#-Sf>Ol Multivibrator

\ - T L

j ~ l ;

One-Shot Multivibrator with Input Lock Out



Large Fan-In AND Cat*

LM 
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T y p ic a l A p p l ic a t io n s  (v ♦ -  isV(xj(Continued)

Tkn# D*Uy Generator

Non-Inverting Comparator with Hyaleretia

U/M/JTO*.

Invarllng Comparator with Hyatereala



T y p ic a l A pp lica tions  <v‘ -  isvocxconunuod)

Squarawava Oaclllalor

Baalc Comparator

Comparing Input Voltagaa 
ot Oppoalta Polarity

Limit Comparator

Output Strobing 
»•

Crystal Comroilad Oaclllalor

i i iu  V,

K /M /iro « .j<
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T yp ica l A p p l ic a t io n s  ( v  - svpc)(Conurx**d>
Low Fr»qu«r>cy Op Amp

L o w  Frtqu«r>cy Op Amp (V# *  OV fof V,* -  OV)

Tr»n»duc«r Ampltn«f *•«>  C fO iitn fl O « l*c lo r (S lngl* Po«»r Supply)

Low Fr«qu#ncy Op Amp with O ffMt Ad|u»«
»•
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000
ILC DATA DEVICE 
CORPORATION___

RDC-19200* MONOBRID" SERIES

DESCRIPTION

Th# RDC-19200 Monobnd Sene* are 
v#r*atil# ttato-ol-th#-trt revolver to digi­
tal convenen featuring programmable 
r#*oiuion »nd b.vxjunflih and a velocity 
output voltage
Resolution programming il lo w i *elec- 
(•on ol 10. 12. 14, or 16 bit* and ar# 
available with commensuiat# accura­
cies up to 2 mmul#* « 1 LSI) nosofulion 
programming comOmci the h«gn trackrig 
rat# ol a 10 t>t convener wnm th# p»#ct- 
io n  o< a 16 bit dovicemon# package 
Th# velocity output (VEL) Iron  m# ROC- 
19200 it a ground ba*#d voitag# ol 0 
to 1 10VDC with a linearity ol 2 0*« or 
0 7  V  VEL may b# *cai#d up by •  ting I#

10, 12, 14, OR 16 BIT INDUSTRIAL 
RESOLVER TO DIGITAL CONVERTERS

F E A T U R E S

• tO W  COST

external resistor lo prow)# up lo 
i  10VDC lo* Ih# r#Qmr#<j m*j»num 
(racking rat#

APPLICATIONS
Th# RDC-19200 S#n*t COnv*<l#f» ar# 
de*ign#d to* me m modem high p#»- 
lormanc# commercial and ndu*tnai 
control ty»t#m i. AppKjtion* tnciud# 
motor con trot. tr>#odoitl«. radar antenna 
position information. CMC macho# tool­
ing. robot an* control, and proc#** corv 
tro* With th#rr tow C0Jt and tuo ttio t p#r- 
lormanc#. th# RDC-19200 S#ri#t con­
verter* ar# id#al lor motion control and 
ponton monitonng appKationt

• IDEAL FOR MOTOR CONTROL

•  DUIL T-IN-TEST (BIT) AND LOSS-
OF-SIGNAL (LOS) OUTPUTS

•  VELOCITY OUTPUT ELIMINA TES
TACHOMETER

• PROGRAMMABLE RESOLUTION

• PROGRAMMABLE BANDWIDTH

• ACCURACY TO ±2 3 ARC MIN. t

r
■’ js irQ c J

(Tow

I____
I »n**OC J 
. CO**Olf ' \ \  . 

. p ---------------- ^
—Jo-GTn-i------------1 J  i
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FIGURE 1. RDC-19200 BLOCK DIAGRAM
»OOC Custom Monowno u tt itd  *> th» prockict are copyright undar tw  S m c tn h c u  Crvp Ptweceon Act 
©Monotxid « « tM torrw* oI ILC 0*U  Corporabon.
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RDC-19200* MONOBRID’ SERIES
CORPORATION.

TAJSLC 1. f10C-1»700 SPECIFICATIONS
T>»»a to e c ifo tiom  tcf*v o *n  '«mp»»tur* range, p o ^  rang* r*1*r»nc* frequency and ampMud* rang*. t  10X s*yv*l v»nai«n »r«J 
uo lo 1CT\ harmor< Osiorton n  v<* re ier****

PARAMETER j VALUE DESCRIPTION
RESOLUTION 10 17.14 or t tb r f t Programmable
ACCURACY GRAOES 10 1 4 J Irrvoxe* | Mas • 1 LSB 0« selected retoMlon. tee Ooenng tntormaton
O ir r iR f  NT1AL LINE ARITY 16 1? 0 or 4 | LS0* in the 16th t>t. *e* Ooerwig lnl<ymaton
REPE ATAHlLITY 1 LSB mat
REE INPUT CHARACTERISTICS 
Voyage nange
5*ig •  f  nrtKi I'xjuI i"it>»d*nce 
1 i»«x>»ncv Range

4 JOVrm* 
tOOKOhmmrfi IIOKOnmnom 

3M i l l  to6«Hi See T ab<e 4. Oynam< Chaiaciensbc*
Sig n a l  in p u t  c h a r a c t e r is t ic s
IW«r*v»r
2_ Sa j i*
7 O

t  a(» >»>*-ground 
Common Mooa flange 
Ma> V iy * ) *  •  o d«mage 

0»*ci
lntx.1 s-gnai Type

S-n Co* Vo-tag* Range 
Mat Vo* age » o Oamage

Z_

11 6VL-L 
7 OK Onm 
WOK Orvn 
•OK Onm 
TftV pea* 

tOOVtrans-ent 
70VL L

Tvncm 2 JVmat 
tSVcom^uous 

110V pea« tianson 
•» TOM orvn ■ 10o< vona^# loarx^r

Voyage optons anti rrwwrxxn rxxit mpe<3ance. baiar<ed

S^anoCo*ievyve»s^na(ie«e»encedloconv*ner svMemaiOC 
iei<ro<t«g* o< • 5 iV

DIGITAL INPUT OUTPUT 
Log* Type 
Input*

Mai Vooage » oDamage
LoafJ-n^ 
iNH(lnn,ot| 
ffillC nabieb itt 1 -8)
ELIEnabi*txt*9-ICl 
5 (Control Tranjlomw)
6W (Oarxjwxjth)

Re »o*ut>on Control 
10n;l ,
1?U‘I ■ . ^
14B.t 
16 On

Log<0 * 0 I V n i i  
Log< 1 *  J OV rr«n 

-0  3to t IV 
- 10 *»A mai

TTLCMOS compel***

PuJ uo Currant s^iurceto • 5V tp l mat CMOS trans^nt protected 
Log< 0 -nf»t»ts tog< t enawes D jU  s u m *  .v-th.n0 3u*
Log< 0 enab*e». a«t* v»to 1 SO n* Log< 1 h»gh 2 witrwi 100 n*

Log< 0 lor Control Transformer. Log* 1 lor normal tracing 
Log< 1 -  H^nBW (S30Mj).Log<0 -  L o *0 W (l3 0 M i|

B !pm6) A (p.n 7)
-  ••

1 0
. < . 1  

Unused output bits are at loge 0
OUTPUTS 
Parallel Data 
CB (Convener 8u»y) 
UlOireciion) 
MC(M*|or Carry)
B it (Built m Test) 
LOS (Losjot Signal) 
Dnve Capability

10.12,14,ort6bit»

Logic 0 :1 TTLLoad 
Logic 1:10 TTLLoad* 
HighZ: lOMASptmai

Natural binary angle, positive logic
0 4 » i* to 0 .7 p ! positive pulse: leading edge mbatei counter update. 
Log* 1 counts up. Logic 0 counts down 
Logic 0 at
Logic 0 lor Bi f condition.
Logic 1 lor LOS (1-3*iA pull-up to »5V)
-  1 6mA atO iV i t u i  
0 4mAat2 6Vmm

ANALOG OUTPUTS 
V (Internal DC ret)
VEL (Voiocity)
•  (AC error)

Dynamic Characteristics

♦ S 5V nom

SOm Vrm* per L SB ol ortor 
25m Vrm* per LS0 Ol orror 

12 5mVrm* per LSB ol error 
6.3mVrm* per LSB ol error

See T able 6. Velocity Chiracienstici 
10 bit mode 
12 bit mode 
14 bit mode 
16 bit modo
See Table 4. Dynamic Characteristic*
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§SSLv,c. RDC-19200* MONOBRID* SERIES
C O R P O R A T IO N .

TABLE 1. ROC-tttOO SPECIFICATIONS (Continue**)

PARAMETER VA1UE DESCRIPTION
POWER SUPPLY CHARACTERISTICS 
Nom»\el Vo*Ug* end Range 
Mat Vona<je «* o Damage 
Mat Cunen)

♦ 1SVOC :1 N  • 1VDC ;  10% -1SVDC - i * \ Note W xw  arvetoi) omputt ar* not 
i*Ou»eo grxmd - l iV  ipv> 3«|-18V 1 .e v  

25mA | 10-\A
-  10V 
IVnA

TEMPERATURE ranges
Operating 
S lor age

c rc »  • r t rc  
-a o -c io  • i x r c

PHYSICAL CHARACTERISTICS
Sot

Weight

1 14 t J 03 tO 73 
(?a M l  St 3 i t M m |  

0 4*01 
(O gm |

40 p*l tCX**

TECHNICAL INFORMATION

INTRODUCTION

The RDC-19200 Series are smalt. 40 p>n TDIP resorver lo digits 
hybrid converters. As *hown in if *  b*ocX diagram (figure t), th# 
RDC-19200 can be broken down into It'# loncwmng functional 
ports: Signal Input Oot'on, Converter. Analog Condition**. Pow** 
Supply Conditioner, ind Digital Interface.

INTERNAL DC REFERENCE VOLTAGE (V). TN t rte-nal vofl- 
age it  not r*quir*d *xt*rnalty lot normal op**ahon o* th* conv#*- 
let It n  uted a t th* mt*maJ DC r*ler*nc* common wrth th* 
(Vect input option II is nommaiy ♦ 5 SV and a  prooononai to 
ih* ♦ 1SVDC supply

11.SV RESOLVER INPUT OPTION. Th* 11 8V r*»o*v*< inputs 
art tn j* differential inputs with high AC and DC common mod* 
rejection (»** hgu** 4) Input m p*danc* r» maintained with 
pow*f oft. Th* r*curr*nt AC p*ak ♦ DC common mod* voitag* 
should not e*ce*d 26V peak; maiimum transient peak voltage 
Should not exceed 100V.

FIGURE 2. RESOLVER SIGNALS 

SIGNAL INPUT OPTIONS

In a rosolvor, shaft angle data Is tronsmittod as tho ratio ol carrier 
ampliiudos across the terminals. The converter Internal lo the 
RDC-19200 oporatos with signals in resolver format, sinflcosu< 
and cosOcoswt. Figure 2 shows the resolver signals as a function 
ol the angle 9. The RDC-19200 accepts solid state resolver 
(11 .BVrms) and direct (2Vrms) inputs. The reference is a single 
ended Input with 100K ohm impedance.

2V DIRECT INPUT OPTION. The direct Inputs are transient 
prolectod voltage lollowers which accept 2Vrms resolver inputs, 
as shown In figure 3. A 2V Input trom a resolver allows use ol 
a lower reference voltage. This lowers oscillator cost and allows 
a lower power reference oscillalor.

VPITAOE . a . - , . * . .
FOLLOWER DUFFER

I-----------------

E >
>

FIGURE 3. DIRECT INPUT OPTION -  2V

S2 - S4 -  V^.COS#

300 360

St -  S3 -  -V^..SIN»

*co»  (DEGREES)

Slandard Resolver Conlrol Tranjmiter (flx i Oufputt at a Functiono< 
CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited
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H^Soivic. RDC-19200* MONOBRID* SERIES
I CORPORATION__________________________________
’ RESISTOR PROGRAMMING FOR NON-STANDARO INPUT 

VOLTAGES. When applying voltages great** than 2Vrms. a 
s*npia vooage dnndo* can b* used lo attenuate both th* vn  and 
cos inputs Since the convenor nputs ar* voflaQ* lo»ow*fs. 
r» re  will bo no loadmg on th* resistor drv*je*s (se* figure 5) 
Th* 11 OV resofver input conditioner consists o» two differential 
ampiiliers Th* 11,8V input is scaled down lo 2V When apprynng 
resorver inouis greaier thon 11 8V. lour revsiors. on* m series 
with each input imo. con be used lo scale down the voltage (see 
figure 6)

FIGURE 4. RESOLVER INPUT OPTION -  11.8V

Input Voltage L-L Rt ♦ R3
2V "  R3

Notes1.
(1) Rt -  R2;R1 -  R4 to 0.1% match.
(2) Rl + R3 and R2 » R4 should be as high as pott>0<* lo rrnmmue 

resolver loading.

FIGURE 5. INPUT RESISTOR SCAUNG -  2V

_R*_7o * ,L  .
70 6 * 11 av

No«r»
( l |  Input Voluot L L rt great** even 11 (V  
|J |  R *  H I  -  i u  *  R J -  IU  lo  0 I X  m jic f i

FIGURE 6. INPUT RESISTOR SCALING -  11 8V

CONVERTER OPERATION

A» shown m luju/o 1. the convertor section ol the RDC-19200 
ccntamt a Ngh accuracy control transformer, demodulator, error 
p*oc«*so*. vonage controlled oscillator (VCO). up-down counter. 
io*o set tim tng . and reference conditioner. The convenor pro­
duces a dxjital angle 4 which tracks the analog input angle » to 
w-thin th* specked accuracy ol the convener.
Th* c o n tro l t r a n s fo rm e r  p*r1onns Ih* loHowmg trigonometric 
computation

Sm(« -  4 ) •  sm#cos* -  cosfsm<*
Wher*’

I  is angle Iheta, representing th* r*sotver shaft position.
4 ts digital angle phi. contained m the ufydown counter. 

The tracking process consists of continually adjusting <5 lo make 
(« -  (4) » 0. so that <4 wiH repeat the shaft position v.
The output of th* demodulator is an analog DC level propor- 
t.°nW <j sinjfl v**). The error proccsspr rccervos its input i /o a ^  
tho demodulator and integrates this sm (tf- *») Ctfoi signal whicn "  
then drives the VCO. The VCO s dock pulses are accumulated 
by the up/down counter. The velocity vottago accuracy, linearity 
and oflset are determined by the quality ol the VCO. Functionally, 
the up/down counter is an incremental integrator. Therefore, 
thoro aro two stages ol integration which makes the converter 
a Typo II tracking servo.
In a Typo II sorvo. the VCO always sottles lo a counting rate 
which makes d«Adt equal to dWdl without lag. Tho output data 
will always bo fresh and available as long as the maximum 
tracking rate of the converter is not exceeded.
Tho ROC-19200 has unique zero-set lim ing circuits that cancel 
out all intornal op-amp DC offsets. This zero-setting is done 
twice a reference input earner cycle centered around the zero 
crossings Each zero-setlmg cycle lasts for 18jis. During this 
lime, tho resolver input is disconnected and a zero input is 
switched in. Tho digital input to tho control transformer is latched. 
Tho resultant DC error at the output of the demodulator is sam­
pled and iniecled back in during tho normal mode of operation.
The result Is an effective way of simulating DC oflsel-free op- 
amps which ensure a converter whose actual dynamic and large 
signal performance Is the same as Its mathematical theoretical
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peflormAnce. In * somewhat nmdar manner, the velocity op amp 
Integrator! DC otiset voltage it  also cancelled oul with th it 
jero-setung tcheme.
The tel»rer<ce conditior>er i t  J comparator that produces the 
tou.va wave reference vofuge which drive! the demodulator 
fi u vngi# ended ground based with an input Z ot 100K orvni 
rr»n. 110K o fim j nom. resistive

minimizing ennons oue t o  q u a d ra tu r e ,  m those »t«»
caiioni where hiqr>csi accuracy •> neeoed. the REF input can 
be pnase shifted Oy adding a capacjior in ser.es w-m th« REF 
input loin 40) to  add a pnase lead equal tome iv y rw iji pm v» >**) 
ol tno resolver input To determine the capacitors «ik j« w *  
figure 7

W h * f t :

Speed Vonage n the quadiature due to rou txrv  
FV*Jt>or\at speed it  the RPS (rotation! per seconc)

oI the r*vy»ef 
Carnet frequency i* the REF m H i

ANALOG CONDITIONER
The Analog Conditcner lec ton  portormj three functions It cc r- 
verti enaiog ground Irom 5 SV lo 0V. provide* a gain ol 2 Xx 
AC Error (e) and a gain ol 2 2 lor Velocity (VEl). The ve'ocrry 
tcanng tentrtrvrty can be increased with an e»temal resiMcr. 
Reter to V E l PROGRAMMING section lor more information

ChoouC tur.h that tt>« V ,lo  HE F pnai« «*4 it »ou«ito lh* m o w
lonr.F print* i«»0D'ut 9|.»

FIGURE 7. PHASE SHIFTING THE REF INPUT

QUADRATURE VOLTAGES. In a resolver, quadrature voltages 
tiro by definition the resulting 90* fundamental signal m the nulled 
out orror voitarj** (el in the er'nverter A dig.H1 fr r . l’W l ,i*0l''*<ill ” 
result dun lo tho interaction of this quadrature vonage and a 
rolorenco phase shift between the converter signal and reference 
inputs The magnitude of this error l« given by the following 
formula:
Magnitude of Error •  (Quadrature Voftago'F.S. ngnal) • tan(o) 
Whore:

Magnitude of Error It in radiant 
Quadrature Voltage It m von*.
Full Scalo signal It In votlt.
o -  tignal lo REF phase thifl 

An oxamplo of tho magnitude ot error it  a t loflowt:
Let: Quadrature Voltaqe « I t  8mV 
Let: F.S signal » 11.8V 
Let1 o « 6‘
Then: Magnitude ot Efror » 0.35 mm » 1 iS B  

in the 16th txt.

Note: Ouadraturo It composod of italic quadrature which It 
tpedllod by the resolver supplier plus the speed voltage which 
Is determined by the following formula:

Speed Voltage -  (rotational speed/earner treq) • F.S. tignal

POWER SUPPLY CONDITIONER
The power tupofy conditioner lower! the internal power s -c o v  
vonage to the cuttom CMOS chip to » 11VIromthe » 15Vsucov. 
The ♦ 11V will track the ♦ 15V Internal analog ground it  O '*  
halt ot 11V or ♦ 5 SV. nom

DIGITAL INTERFACE
The digital interlace circuitry performs three mam functions 1

1. Latches the output tx tl during an Inhibil (INH) command 
allowing liable data lo be road out ol the RDC-19200. j

2 Furnishes parallel In-state data formats. ■
3 Acts at a buffer between the internal CMOS loqic and T «  

external TT l logic. 1
In the RDC-19200. appiymq an Inhibit (INH) command will to * , 
the data in the output trantparent latch without interfering wffs 
the continuous tracking ol the converter'! feedback looo Tre^e- 
tore. the digital angle <4 it  aiwayt updated, and the INH can se 
applied for an arbitrary amount ol timo The Inhibit Transparent 

- Itkate •n o *? S O i* rO » ‘ay aw? UtM -Ot -the inniM Circuitry. Fcr 
further information, tee tho INHIBIT (iNH. PIN 9) paragrapn. 
The BIT detect circuitry monitor! tho error lovol (D) from tr»  
demodulator and the LOS (Io ta ol algnal) detector detecs 
ditconnected retofver inputt.

LOGIC INPUT/OUTPUT
The digital angle output! are buffered and provided in a two-oy* 
format. The lif!t bylo contain! the MSB! (bits 1 -8) and is enab'Ol 
by placing EM (p<n 10) to a logic 0 Dopondmg on the us«< 
programmed resolution, the second byle contains tho LSBs a rc  
it  enabled by placing EL (pin 11) lo a logic 0 The second byte w'J 
contain either bits 9-10 (10 bit resolution), bit! 9-12 (12 bit retcuj- 
tion). brtt 9-14 (14 brt resolution) or b itt 9-16 (16 Dit resolution 
Alt unused LSBs will be at logic 0. Table 2 list! the angular 
weight tor the digital angle outputs.
The digital angle outputs are valid 1 SO n t after EM or EL are a o  
valed with a logic 0 and arc Ivgh impedance within 100 n t. nu« 
after EL and EM are te l to logic 1. Both enabiet are mtornaJy 
pulled up to >5V by -  10>iA max current tources.

E-48

00G
ILC DATA DEVICE 
CORPORATION___

RDC-19200* MONOBRID’ SERIES
ta b le  i .  D tcrrA i a n g le  o u tp u t*
b h OEGBrr MiNorr

1 (US8AU.UOOES) 180 10 600
2 90 S 400
3 45 2.700
4 22 5 1 350
i 11 25 675
6 5 6?5 367 5
7 2 >13 1M 5
S 1 405 64 36
9 0 7031 4? 19

10 (ISO 10 BIT MODE) 0 3516 21 09
11 0 1756 10 55
12 (LSB 12 BIT MOOE) 0 679 5 27
13 0 439 2 64
14 (LSB 14 BIT MOOE) 0 0270 1 32
IS 0 0110 0 66
16 (ISO 16 BIT MOOE) 0 0055 0 33

Not* EM ♦naoiM the t  MSBi *n<j EL lh# LSBs

DIGITAL ANGLE OUTPUT TIMING

The digital angie outout i t  10. 12. 14. or tG paranei o.ita rms aji 
logic outputs are short-circuit proof to ground and - SV The CB 
Output is a positive 0 4 to 0 7 ^s puiso
The digital output data changos approximately 50 ns aftor the 
leading edge ot tho CB pulse bccauso of an intornal delay (shown 
In figure 1) Data is valid 0.2 * it aflor the loading odgo ol CB 
(seo figure 8) Tho angle if  dotermmod by the turn ol tho bits 
al logic t.

occurs after INH hat been appfced. the Utch uni remain locked 
a/xJ rtt data w>H not change until CB returns to logic 0. if INH it  
applied dunng CB. the latch wi* not lock until the CB puis-e rt 
over. The purpose of the 50 n t delay it  to prevent a rice  condition 
between CB and INH where the up-oown counter begins to 
change as an INH rs apo*>ed
An INH input. reg.vRiest of rtt dun Don. doet not afe<1 the con­
verter update. A simple method of interlacing to a computer 
asynchronous to CB it

(1) Appty INH.
(2) Wart 0 3 m*. mm.
(3) Trantfer the data
(4) Release INH

A t long as the converter manmum tracking rate it  not enceeded. 
there will be no velocity lag m the converter output although 
momentary acce'orahon errors remain It a ttep input occurs, 
as whon the power it  mitiaify applied, the response will be cnti- 
caity damped Figure 10 thow t the response to a ttep input 
After imti.il tiewmq at the m**imum tracking rate of the converter, 
there it  one overthoot (which it  inherent in a Type II tervo) 
The overthoot tenimg to a Imai value is a function of the small 
ngnat teflling lime

ASVNCMPONOUS TO CO

\ ~  1 ??,|S MIN H

OEPENOS ON <)*dt

R - —  -
.. * * > C . .1 . . i  .* ;

0 ? m» M A X -* - | -

0ATA

O<>

1
FIGURE B. CB TIMING

INHIBIT (INH. PIN 9)

When an Inhibit (INH) inpul is applied to Iho RDC-19200. the 
Output Transparent la tch it  locked, causing tho output data bits 
to romam stable while data i t  being Irantlorred (too figure 9) 
The output data bits are stable 0 3 after INH it  drrven lo logic 0. 
A logic 0 at the T Input ol the Inhibit Trantparent la tch latchot 
the data, and a logic 1 applied to T aitowt the b<tt to change. 
Thit latch a lto  prevent! iho Irantm ntion of invalid data when 
there it  an overlap between CB and INH. While the counter n 
not being updated, CB it  at logic 0 and the INH latch it  transpa­
rent; when CB goes to logic 1, the INH latch It locked. It CB

FIGURE9. INHIBIT TIMING

’  OVEHSh DOT

SMALL SIGNAL
s e t t l in g  TIME

MAX SLOPE EOUAlS 
TRACKING RATE (SLEW RATEI

FIGURE 10. RESPONSE TO A STEP INPUT 

DATA TRANSFERS
Digital output data from the RDC-19200 can be transferred to 8 
bit and 16 bit bus tystemt For 8 bit systems, the MSB and LSB 
bylos are transferred sequentially (see liguret 11 and 12). For 
16 bit tystom i. all brtt are trantterred at the same time (see 
figures 13 and 14).
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FIGURE 11. DATA TRANSFER TO 8 BIT BUS

fL

DATA 9-16 
VALID u l

100ns MAX

FIGURE 12. DATA TRANSFER TO 8 BIT BUS TIMING

fw  £C

(U M iB iT  1 

BIT 3 

BIT 3

BrT 4 

BIT 6 

Brt 7 

BIT I
ROC-1*700

BIT f

OtT 10

BIT 1J 

BIT 13 

BIT 14 

BIT 14 

(LSB) BIT IS

INM

0 '1  

OU 

O' J 

0 <I 

On 

010 

01 

c*

07

o*

04

o*

03

01

01

00

FIGURE 13. 18 BIT DATA TRANSFER

r
EL 150ni i

DATA 1-16 
VALID

Ons MIN

lOOni MAX

FIGURE 14. 16 BIT DATA TRANSFER TIMING
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PR O G R A M M AB LE RESOLUTION 

R**o»ui>on is cootfoii«1 by two log< riputs, A and B (*e« l»b*« 
3). Th* rescution con be crwxjod cJunnq convert* operation 
so trv« appropriate resolution and vetooty dynamics can b* 

as needed To insure that a race condition does nol 
♦ in  I between counting and changing me resolution, inputs A and 
B are transpired mrougn tne latch mternaity on tno trailing edge 
OtCO l\P<! t-<Kire tSi

TABLE J. RESOLUTION CONTROL

B A RESOLUTION
(P * n  7) ( p * n » l

0 0 toorr
0 1 1? BIT
1 0 14 HIT
t 1 140IT

N o r#  a j i a w I  cV y U i o u tp u t  f l j t *  w i  « i *

*< < oo< 0

TURNS COUNTHQ

ce
ROC-1HOO u

05

UP DOWN 
COUNTER

IF
4 e rrs

No«»s
(1| I or »*• 4 W u&&r~ocourt*,u%4 74L3169IVTTI) or 4411 (CMOS). 
(?) U -  uo <mrc I counts uo
(31 T -  lo T jm n * count on povtrv* •<*)*

FIGURE 18. TURNS COUNTING CONNECTION DIAGRAM

FASTER SETTLING TtME USING BIT TO REDUCE 
RESOLUTION
S«nc« the RDC-19700 ha* h«gh«» precision * i the higher resolu­
tion mode arid faster setting m trie lower rtsofc/tion mode*, the 
B it  output can be used to progr«m th* RDC-1V?00 lor lower 
resolution, allowing the convener to settle taster tor step inputs 
High precision, laster sortling can thoretor* be obtained urnui- 
tancously and automatically in one unrt. (Note: the use o< the 6TT 
output is not recommended lor 16 tut operation.)
When the lesoiution Is changed, the VEL scaling is also ctiangcd. 
Sinco the VEL output is Irom an integrator with a capacitor feed­
back, tho VEL voltago cannot change instantaneously. There- 
loro. when changing resolution while moving, there will be a 
transient with a magnitude proportional lo the velocity and a 
duration dotorminod by tho convertor bandwidth (seo ligure 22).

SYSTEM SELF-TEST
The RDC-19200 provides two useful logic outputs lor systems 
sett test. BIT and LOS.

BUILT-IN-TEST (Iff, PIN 29)
The Buitt-ln-Tost output (BIT) monitors the level ol error (D) Irom 
Iho demodulator. D represents the difference in the input and 
output angles and idoally should be zero. K it exceeds approxi­
mately 65 LSBs (ol the selected resolution), the logic level at 
BIT will change Irom a logic 1 to logic 0. This condition will occur 
during a large step and reset after the converter settles out. BIT 
will also change lo logic 0 lor an over-velocity condition because 
the converter loop cannot maintain input-output sync or H the 
converter malfunctions where_it cannot maintain me loop at a 
null. (Noto: the use of the BIT output is not recommended lor 
16 bit oporation.)

LOSS OF SIGNAL (LOS, PIN 28)
Th* Loss of Signal (LOS) output Is used lor system safety. The 
LOS output changes from logic 0 to 1 if both resolver inputs are 
disconnected. With disconnected resolver inputs, unpredictable 
converter performance occurs.

MAJOR CARRY (MC, PIN 32)
Maicr Carry is used with Direction Output (Ul lor multi-turn appli­
cations This signal is similar lo the popular MSI four bit up-down 
counlor CO (Carry Out), that is. rt Is normally high and goos low for 
all 1 S when counting up or all O s when counting down Soo ligure 
16 for a typical interconnection.

DIRECTION OUTPUT (U, PIN 31)
Direction Output (U) Is shown In figure 17. It Is at logic 1 to count 
up and logic 0 for down. The logic level at (U) Is valid at loast 
0.5*13 beforo and at least 20ns afior the leading edge of CB.

H
(mC)

n _

U - 7 0 n t M I N  [ 4 - 0 S n l l
i . .  DOWN

0 S m»MIN COUNT

d ire c t io n  (U) u  \J /////H !)7 7 !M h  V M JT /.
COUNT I I

0 4m*MIN — q  O J msMIN

77771 oon -t c a re

RGURE 17. DIRECTION OUTPUT (U) TIMING
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II lhe LOS ngnal 11 uvod with the 2V Du pci Input option, connect 
a 10M ohm rosiitor trom *S to V and Irom + C lo V. Thu wil 
insure that il lh« input rcsofver ug rn l opens. the mcxjl pm win
go lo V voftt

PROGRAMMABLE BANDWIDTH (BW, PIN 5)
Either low of hiqn barowid'.h tan be selected by using tho BW 
logic input. AI051C 0 applied lo BW selects low bandwoih (130 
H i nom|, while a logic 1 ssiccts high bandwidth (530 Hz nom) 
Bandwidth can be changed during converlei operaton 
Bandwidth and iho acceleration constant (K,) can bo determined 
Irom the following lormulas:

Closed Loop Bandwidth (H i) •  \ r 2 K‘ *
K. -  A’

Sec Dynamic Characteristics Table 4 arvj figures 23 and ?4 lor 
values

TABLE «. DYNAMIC CHARACTERISTICS

PARAMETER UNITS

RtSOLUTION | OITS 10 17 H 16 10 112 14 H

Input Freovj#ncy 1 KM f * 16 • 1 ?-6 N f l l  36 6 • • 76
Tracking Mai# RPS? 1 &00 I ?00 SO 1? 5 ?00 ;S 0 |1 2 S ! 3 2
0.in d **3 !h .C l Hz 1 530 • • • 130 • • •
K# 1 %&C* 11 4M • • • W K • * •
A T * U K 8 • • • 2 • • •
A 2 “ M tC 1 176 • • • 4SK • • •
A " 1 ICC 1?00 • • • 300 • • •
0 “ 1 'te c 1 600 • • • ISO • • •
acc-1 LSB mg • %*c3 512K 1?8K 3?K 8K 32K 6K ?K 500
Settling tim* 1 10 IS 30 75 40 60 1?0 300

t  RPS minimum
• Sumo i t  vniua lo le t
• •r>e» iiQun ?4 lor Oelmitioni ol A t ,  A?. A. and 0

CONTROL TRANSFORMER MODE (S. PIN 6)
The convwle* ■«* l ir c to n  as a Control Transformer (CT) by 
pocmg § (pn 6) to tog< 0 In tf>e CT mode, the 0»j*tAl mout» 
are oou»e bu«e*ed (m  it  rede'mcO at LM. £ l  is reOelmed as 
LL and INM becomet LA (**e N juret 19 and 27| F«^*e 1ft 
showt CT mode wnmg to« a two byte lran»l*r 
The CT mode it  used w»*en the AC error (el it  needed lo C've 
an e«temai control ooo by the ofterence angie ot the revoke*- 
moot and the d ^ ta i rou t it i» a'to used lo< pietertmg the cc^- 
verier to a speo*< ange to reduce me ttep response time

■T-
5 - 0 1
°t!A

l l W l  f M ~ZJ~

ILL) fC  
N o ttt
H I tw -  l O O n tm m io m te  w <nh |

th •  50 n t  mm ihotd i<mei 
thui -  0 n t  rtw i (how I m i* # /vO tl 
tsu •  0 n» mm tte tup  t»n#| 
t tm  -  300 n» mm l«»tvjO m h o t)

12) W h e n ?  i t  tow

ILM l fcU i t  laicn control lor MSB byle.
(LLI E l  i t  latcticontro l to< LSB byla.

FIGURE 18. CT MODE TIMING -  TWO BYTE TRANSFER. 
DOUBLE BUFFERED

1 - data he'd n latch.
0 -  latch t  trantoa'er*

(31 (LA|Inh it latch control 
lor CT latch.
1 - latch it tranipditct. 
0 - data held m laicn

ios Qj}—
lOSSOf
W .N .i

OUkCIO*

[—  -----1 SIN«

" S S T E D ^  Icosa
hKJh aCCW*aC* 

CONtntxtOA^VCX'Mf »

laiinmi f r y

I
1I M  CTTfcAWV»AMfNT 
CAtCM

2 0»GltA*. 
ANOll A

MB n
UOCOUMCfl 
(SCT MOO€ |

U*CB)

T
- —0 i

cxuooum to* —0«.T

*0 '

□  0
I T

— Q3<

*  a
0 ujK i *-—------ 1

. ' BtSOlUtlOM
| i m »| I jo ^ r ]  con m o .

i-a t-ia
FIGURE 19. CONTROL TRANSFORMER BLOCK DIAGRAM
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ANALOG OUTPUTS
The a n jic q  outputs are AC error (e l and velocity (VEL) n the 
arvaog outputs aro not required ground - 15V (pm 361

AC ERROR (e, PIN 39)

AC Error Out le i is used m CT mode The AC error i t  proportional 
10 the dif, i‘**nc«i between the revyve r input angle « and the 
O igta ' rn x it aryjie * .  (»• - * ) .  with a scaling of.

SOmVrmt IS O  (10 M  model 
?VnVrm s LSB (12 txt modo)
1? SmVims LSB ( U  b-l mode)
6 3 m v rm tL S B  (16 twt m od")

The error it  povtrve M u m  phase with the reference and 
negative it it >t out o> pnate with the reference 
The e Outriut can twmg ;  tOV peak mm with retpoct to ground 
when me vortage level o* the * 15V power suW es are 15V 
The Ou'Cut level range changes propononjtty with the pownr 
ti/t^p'y iov»l

VELOCITY (VEL. PIN 38)

The voocMy output (VEL. pin 38) i t  a DC vtytage prooortonai 
to angular velocity d» 01 The veocty it  the input lo the voiiage 
Controlled oscillator (VCO). a t shown m figure 1. Its linearity and 
accuracy is OepeMont solely on the kneanty and accuracy ol 
the VCO
Tho m jim u n  VEL outpul can swing ;  tOV mm with respect lo 
ground when me voltage level ol the ;  15V power tupphot are 
15V Thu oOtuut level range Changot pioportonatiy with the 
power Supply level The analog output VEL characteristics are 
listed m taoio 5
Tho VEL ou lp jt ha i DC tachometer quality specs such that it 
can bo usod as iho votocify leedbacK in sorvo applicatons

TABLE S. VCLOCmr OUTTUT CHAWACTtAtSTKS

PAR A M n t R UMfT
RDC-19200 1970J I R O C -1*» tItTO J

TYP MAX | TYP MAX

Poianty (povtrve lor inciaaung anrjm
VonjQ* tcaung n p s v S»« vonai;* Scakng Tatve 6
Sc j m I actor N 5 10 t J 10
Sca«Facio> TC p p u 'C too ?co too 200
Pr»»ivai Eno» • , 1 J OS 0 7

j
Lin*a/«y *. Oulpul 1 1  I o s 0 7

I
I t  roOrtMt mv 15 *0 1 is *0
7l*roO"»«t TC »V*C SO I ?s SO
10*1 KOvni - 3 3
Ov.it>u1 Vo'i V : . 0  i  1J :  to

mu

T A P L ti VELOCITY OUTPUT VOLTAGE SCALING (HPS VOLT)
nw i to tm  | u o iT  | 14 BIT 1 16 0IT
Mir.H i ao 1 ?o i S I t 2S
lOvr 1 70 1 5 I i :s I 0 37

DYNAMIC PERFORMANCE
A Type II sorvo loop (Kv » * )  and very high acceioration con­
stants give Iho RDC-19200 luporior dynamic pertormance as 
listed in labio 1.

SMALL SIGNAL STEP RESPONSE. Figure 20 illustrates the 
Slop Re'.ponso UQQ. L i i l .  stapUoUow and rwgh 

fwndwKltn lor tho lour resolutions
VELOCITY PROGRAMMING (VEL PROG, PIN 37)

Tho velocity output scale factor can bo increased by connecting 
an enlornal resistor (R) Irom VEL PROG, pin 37 lo ground. By 
acaimg up the outpul. tho noiso and offset will increnso propor- 
tonally The valuo of R can be dotermincd by Iho following 
formula

n  -  — 10 xB A 
T - D/A"

R -  extornai rosislor in K Ohms 
A -  specified voitago scaling (RPS VOLT) 
B -  desired voitago scaling (RPS'VOLT)

LARGE SIGNAL STEP RESPONSE. Figure 2 i illustrates me 
Large Signal Stop Response (179* slepi lor low and high band­
width for fho four rosolutons.

BIT OUTPUT REDUCES SETTLING TIME. By using the BIT 
oulpul together with tho A and B inputs, tho Largo Signal Settling 
Time may bo significantly reduced Figure 22 shows the connec­
tions required lor BIT, A. and B and the resultant settling lor the 
different resolution modes

RDC-19200
37

t

VEL PROG

To determine A, refer to Table 6. Voltage Scaling.

VELOCITY RESPONSE

A filter on the VEL outpul will, lor a step input in velocity, eliminate 
Iho volocity overshoot (normally critically damped) and filter car­
rier Irequency ripple. Figure 23 shows the VEL outpul with and 
without a tiller lor low and high bandwidths. The VEL filler is 
shown in figure 24.
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LOW BAN0W10TM- 10 BIT MODE

ILC DATA DQVICH 
COnPORATION___

RDC-19200* MONOBRID* SERIES

HKJM BAN0W1DTH- 10 BIT MOOC

HIGH BANOWIOTH-12 BIT MOOE

FIGURE 20. SMALL SIGNAL STEP RESPONSE (100 LSB STEP) FIGURE 21. LARGE SIGNAL STEP RESPONSE (179* STEP)
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BiT Gif

HIGH B A NOW lOTH I M O  BIT MOOE

bit

LOW BANOWlOTH 14-10 BIT MOOE

Sir

SiT

f  I—  I

SIT

T

F1GURE22. USING BIT TO REDUCE SETTLING TIME (179* STEP)
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RDC-19200* MONOBRID” SERIES
C O R P O R A T I O N .

LOW DANOWIDTM-IMO OIT MOOE

o c f o r e  f il t e r  

* n t n  f il t e r

b e f o r e  f ilte r  

a ft e r  f ilte r

HIGH BANOWIOThMMO BIT MOOE

HIGH 0A N O W I0TH -14.10 BIT MOOE

BEFORE FILTER 

AFTER FILTER

, , □ 3 3 3 3
OEFORE FILTER 

AFTER FILTER

LOW  B A N D W ID T H -It* 1 0  BIT MOOE

FIGURE 23. VEL OUTPUT WTTH ANO WITHOUT FILTER

R -tO O K VEL R - 1 0 0 K VEL

1
/ - p  C -O .Q M  

t •  R C *  1/A -=•

(lO W B W i

^ T -s  C - 0  OOS2mI 

r - R C - 1 / A  ±

(H lG H B W I

FIGURE 24. VEL OUTPUT FILTERS
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TRANSFER FUNCTIONS
The dynamc performance of t7>* converter can b* determned 
from its transfer function Wock diagram (ligure 25) and open and 
closed loop Dodo p*o(s (figures 26 »nd 27). Table 4 kst* the 
pa/amoler* relating lo the RDC-19200 * dynamic cha/acleo*tc» 
lor different resoH/ton and ba/xlwidth mode*.

RDC-19200' MONOBRID' SERIES

W !- .
C O M  AfTA1RANV(* 0 * —  -

w  o«
CKP l«

• • ( A " )  .........
No*« &M U b«4«or vtfUMtrfA1.AI.a*dft

FIGURE 26. OPEN LOOP BODE PLOT

,? \ 7 »

CLOSEOLOOP BWiHH .  V i i

FIGURE 25. TRANSFER FUNCTION DLOCK DIAGRAM

FIGURE 27. CLOSED LOOP BODE PLOT

ACCURACY AND RESOLUTION -  . ~  
Table 7 lists the loial accuracy Including quantization for the 
various resolution and accuracy grades.

• * "— * ^ A B C t  7. ACCUHACYTTTSOlUTIOM

RDC-11200 SERIES 
MODEL NO.

ACCURACY 10
BIT BIT BIT

IS
BfT

RDC- 1920X504 
RDC-1970X303 
R0C-1920X 302 
R0C-1970X 301

J -*  1 LSB 
3 * ILSB 

1 LSB 
8 * U S B

23 1
24 1
25 1 
29 1

73
83
93

13 3

33 
4 3 
S3 
93

23 
33  
4 3 
83

RDC-19200 APPLICATIO NS

USING TH E  RDC-19200 IN THE CT MODE 
Tho CT modo can be applied In servo systems, as shown in 
figure 28. In this application, changes in position aro commanded 
by the computer through signals led to the CT. The CT then 
drives the motors through DC power amplifiers.

MULTI-TURN A P P L IC A T IO N S -U S E  OF MAJOR 
CARRY (MC, PIN 32)
Reler to Major Carry paragraph on page 8 lor details.

USING THE RDC-19200 AS AN R/D WITH VEL 
TO  STABILIZE POSITION LO OP 
Figure 29 illustrates a typical use ol a RDC-19200 connected 
as an R/D using the VEL output to stabilize the position looc-
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S S S Lv.c  RDC-19200" MONOBRID’ SERIES
CORPORATION______________________________________________________________________________________________

FIGURE 28 CT MODE APPLICATION

RDC-19200 TO IBM PC/XT/AT 
THEORY OF OPERATION

1. The port addie** where th* RDC-19200 is located i* hard 
wired with lumpef s into the 74LS&68 add irs t Cocoo*' This 
addies* is HEX 300 through 303 and rt reserved lor prototype 
cards.

2. Addies* line A1 selects the upper or lower 8 CM* of th* RDC- 
19200 lo be placed on the Du* When A1 is h«jh. bit* 1-8 
are selected

3 Addies* I me AO *«t* and r*s*t* th* RDC-19200 INHIBIT 
line When AO i> low, th* INHIOIT command (INH) i* invoked

4 To rend the output 0< th* RDC-19200. perform the following-

a Send nddres* HCX 302 to INHIBIT the RDC-19200 (hold 
data slAh'el and place txts 1-8 on the Bus. Read and 
*to»o daia on DO lo 07.

6 Send arid'es* 300 HEX to ke*o the ROC-19200 m the 
INHIBIT mode and place b>ts 9-14 on the Bus. Road and 
*tore data on DO lo 07.

Read nddres* 30' HEX or 303 HEX lo release the RDC- 
19200 Irom the INHIBIT mode and prepare lor me nert 
measurement No vakd data will b* on th* pu* dunng this 
command

5 Smco iho ouiput data is not valid until 0 .5 m*  after tho INHIBIT 
command is invoked, the 10 READY line is h*id low for this 
period ol time When 10 READY roturn* lo tho high level. 

—,—U *  d*Ui ontrv ' bv* fer«J5 CTVWPflSXt nsjWVr*-'*>CK e<Seie.J

LATCH READ OATA

FIGURE 29. R/D WITH VEL TO STABILIZE POSITION

INTERFACING  THE RDC-19200 
WITH AN IBM P C /X T /A T '
Tho RDC-19200 can bo connected to an IBM PC/XT/AT through 
tho IBM F’C Bus locatod at address HEX 300 through 303. This 
location Is reserved by the PC lor prototype cards. Figure 31 
Illustrates the connection to the IBM PC Bus; figure 30 illustrates 
the timliig considerations lor the Interface.

clk _ r ^ n _ r \ j < l n _ r i j n 4 n j “

______ n  . . .  i i ____________________________________

-ih
ADOR \_J VALIO AOORESS

f—  hO O ntc WIN PUt.SE-»-|

OUT

OUT

OUT

10 ' 
READY

rs-R

-4h

F1GURE 30. PC APPUCATION -  I/O READ CYCLE TIMING
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RDC-19200* MONOBRID' SERIES
r n n p n n A T i r i M  ---------------------------------------------------------------------------------------------------------- -- ------------------ -------

T AM. E •  nOC-IITOO PIN FUNCTIONS

PIN NO. 1 TITLE j 10 I FUNCTION

« I s u n -v ix i I 1 (R) -1 1  8V R»tonr»« input. IX) •  TV O**ct *x*J<
2 ! s r .B i-C ix i | 1 (A| • 11 8V Ar *xkA (X) -  TV D*i»ct «x>ut
3 S3iRl*S(X| 1 |R| • I t  8 V < x > u t . | X |  » TV O »*ocoul
4 1 S4lOl- ! 1 |R| •  11 8 V R«»o*v** mout
i nw 1 RjixJ*n<Jtn Log< t *cx h*gn0WIS30Mil.tog< 0to< lo*« l)W(130H i)
6 S

1

1 Cw'VOi T u n t'fym ri S«l LO)< 1 kyno<m4iti««ing icxj« 0 I»  CT ocwi<t*on U»»0 »n»n AC * " 0> 1*1 i» 
rw**o^O toonvt •■toinjiconuo* loop by in« <J.flci»n<« *rwv« ol tft* n*too*( .nput Ana tn« fl*} Ut oput *n<3 
lo« p>et*nmg tn»conv»n#r to * k » o i<  *ng.#ioi»<juc« tn« »t«pr» tpo n t* t.rr.«

7 A 1 R»*vui<>n Control C h w )*\rtto lu lon du tm ij eonv»rto* open ton to 10 1T. 14 O' 1Sb>1.d*P*no*f*jon
8 ]

i
1

0 >og<i«v<*l
0 #> B tx A /'o n  
0 0 10 BIT
0 1 120IT
1 0 14 BIT 
1 1 16DIT

9 INM 1 lnh.b*l Look: 0 p<*v»nii d.g>tiioutpul b*t»fromch»nQ«j
10 tM 1 En.io>»MSB» L oq*c 0 •n»o>\ cVQ'tAtou'put b«ti t # log>< t <MA(y»t ir>*t« t>t»
" Cl 1 E ru b 'f lf iB t  lo*j<0»n*ib lctd*g't»i output t>t» 9 16 t«yj< 1 o^«t>»«tn«»«b*t»
IT i 0 0-5 u t Output Bit 1 (MSB »« *noO»M
1.1 7 0 0 ^  t.ll Output IJ't 2
14 3 0  1 0*Q'ta' Output 11*1 3
IS 4 0 0<J l i t  Output n>t 4
' 6 s 0 DO'.*1 Output l)'t S
I? 0 Oq Ul Output lut 6
IS 7 o D*7'UI Out(X;t B't 1
19 e o 0-5 u i Output 0*1 8
to 9 0 O-^ti'Output IVI9
21 < 0 0 D-»Ut Outpul B-t lOILSB IO n it M O O E l
T T 11 o D-?t»t Output 0*1 11
T3 1 ? 0 D*o tM Out(*/i (H 17H5B IT B ltM O O tl
74 o 0 O v ’ A '  Outpul B«t 1 3
2S 0 0-ot.w Output (V I14 (LSB 14 nit W O O E 1
? 6 0 0  <yi it Output IW IS
n 16 0 O ^U'O utput B*t 1IWLSD-16 OlT MOCEl
70 i or. 0

1
L o tt of t*qnAi Uw*<3 to# tyttom  t j ’ofy 1*# I  O f *  outpil e*A n*j*t ifo'n »oqc 0 to 1 it botn i#v>v*u icfx iit 
f t  (1.tcOn#v#r.tr<J

i ') n i t 0 Du*'t In-Trtt MoniKvt i«veior»no< (Ol ».Hcf.»ng« to io<j< 0 •! <1 »*c»»Oi 6S b*tt jpp<ot 
A. 10 ioq< 0 l<v anovoi »*i0C'fy condition

30 cn
0

Con«#rtei Huty Inrt'CAiei d ^ U i outpul ucxUt*
Dl u 1 0 O-i'Cton lw.|< 1 tocounlup Ov*cOto'-'i»-te*T«»n ^

. .  32 . | 1M 0 > ...'  -0 ’ MA.nt C*rry fuii-\  country} i f f W f * ?  1 </>•« to< a i 1 t  wn»r
tCui't.' yi  up 0* a 10 twtMjn count.iv; 0<mn

33 •5V 1 Suptxy Vo*ug«
34 • 15V 1 Sup<vy Vo'tA^a
3S GND - G'Ouftd
3A -15V 1 Supf*y V0*149*
37 v ci pmoo 1 Vr«« ity Piog<»mfn<n<j k n i i u t  ouipulKAK tacto ~ith •  •lairut ittntoi (0) tro<n VEL PBOG pin 37 

to Q* ound
38 vet 0 V»*iKi1y DC P'OPWIonm to Anijuiar »»«ocify
39 • 0 AC E > ' 0> UwM «CT nvxJ*. •  H p»opon«yu»l lotr>*0««»ne« b*t»»«n tn* >»uyv«i mpul Ang'« »»nfltn« 

(V^iaiou'pm »ng'« «(» - 4)
40 PEP 1 AC rui*<»nc« mpu1 UlM to Orryf »Tt»»n*l (VHnorS/Alor

0

F-K1
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ILC DATA DEVICE! 
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RDC-19200’ MONOBRID' SERIES

FIGURE 32. RESOLVER CONNECTION -  11.8V

TRANSMITTER 
(RX) El EM

FIGURE 33. RESOLVER CONNECTION -  2V
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000 '

ILC DATA OBVICO 
CORPORATION___

RDC-19200* MONOBRID' SERIES
SOURCES OF SOCKETS FOR THE RDC-19200

The lo ilonng comparwe* i r *  lo u r to i ol sockets lo• uM  with 
t r *  ROC-19200 Strrxn Coo lo ti them for rrvy « «iformal>on.

An*s Electronics. Inc. 
P O  Bo«30 
F ifncM ow i, NJ06825 
TH 1 -201-906-6WI

Ĉ CVJ l A»\*mtyy C<XV 
3169 R«»d M.n Avtflwt 
Co»ia*/«»\j CA9T626 
T *  714 5 4 & 5490

S<nqle In-Line SocVet 
Strip-Line Socket 
Pan No.20-05511-11

Pan No. CA-20-STLXX XX X

0 R 0E R IN G  INFORMATION

RDC-1920X3 0X

-Accuracy

0 -  10 mm ♦ 1 LSD1' 1
116 LSDs Dflerenftal Linearity. 
ROC-19200 and RDC-19202on»y)

1 « Bmin *1 LSB
(12 LSBs Differential Linearity)

2 ■ 4 min ♦ 1 LSD
(8 LSBs Differential Linoartty)

3^» 3mtn t-1 L60 . ,r '
(4 LSGs Oiflorential Linearity)

4 » 2 mln ♦ 1 LS8
(4 LSBs Differential Linearity)

( 0 * 0  T H

i f  ao r \> t to

FIGURE 34. RDC-19200 MECHANICAL OUTLINE

CONNECTING THE RDC-19200 
Tho RDC-19200 can t *  attached to a PC board using nand 
solder or wave soldering techniques Limit eiposuru to 300“C 

rrw .-HrilO 'SrtO ftM frM irtmuni. '1  
Pg not use vapor phase soldering as Ihls product con­
tains SN60 or SN62 solder which melts at 180*C (356‘ F). 
Since the RDC-19200 Series converter* contain a CMOS 
device, standard CMOS handling procedures should be 
followed.

Configuration:

0 -  11 .BV, 2% Linearity

1 -  11.8V. 0.7% Llnoanty 

2 -  2V. 2% Lineanty

3 -  2 V, 0.7% Lineanty

rio ioa.
(1) Vol and e not charactorizod on models RDC* 19200-300 and 

P DC* 19202*300.
(2) Oiflofonlial Unoa/ity Is x LSD In Iho 16th btt.
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NATEL
TSL 1X36

TWO Speed Synchro Data Processor 
3-State 20-bit Data Output

,li i ! S5SS...5..■m i—
• Small size 

(1.3 x 2.6 x 0.35 inch)
• High resolution

(20 bits) 
• High accuracy 

• (21 bits or i ’A LSB)
• 3-state output

(8 and 16-bit datn-bus compatible)
• 36:1, 36:2, 18:1, 9:1 Ratios

(With same m odulo)
• No ambiguous ou tpu t readings
• Fast parallel operation (250 ns)
• Automatic correction ol m isalignment

between synchro* 
(up to *90" of fino synchro) 

• Priced at S235/USA prlco 
(TSL 1X36-1S)

Ordnanc* control
Radar t r ic k in g  
Navigation
High accuracy industrial control systems

Model TSL 1X30 accepts 2 binary word Input! Irom two 
synchro (or rosolvor)-lo-digital convertor* in a 
muehamcally or electrically genred coarse/lme system and 
provides a single unambiguous 20-bit binary output 
rnpresontmg the coarse shalt angle. A new feature 
provided In the TSL 1X30 is its 3-stato output, available In 
threo bytes, which allows it to be compatible with an fl-bit 
d.lln-bus With r> resolution of 20 hits, the TSL 1X36 
processor provides an accurncy ol ♦ 'A LSB . . .  a factor of 4 
improvement ovor enisling units such as N a te l* TSL1036

In addition to high accuracy and 3-stato output, the 
processor is loss than half the slie of oxlstmg designs. In 
spito ol its slie. Iho processor Is not a hybrid, rather It 
employs a different design approach that allows It to cut 
suo without Increasing cost.

Although iho unit doscribed in this data sheet provides for 
ratios ol 36:1 and its binary multiples, processors lor speed 
ratios ol 2:1 thru 72:1 arc available on special order.

The inputs to tho TSL 1X3G arc up to 14 bits Irom the line 
convorter and 7 bits from the coarse convertor The 
two-speed processor may be used with any synchro 
(or rcsolver)-to-digltal converters that produco a parallel 
binary output.

When used with Natel Hybrid converters o l the 1000series, 
a complete 2-spood convorter occupies loss space than the 
original processor. . .  (3.1 x 2.6 x .42"), while providing a 
20-bit, 3-state output.

A two-sp**<1 tynchro (or resolver) system consists ol two 
synchros geared electrically or mechanically lo a single 
Shalt One synchro provides coarse positioning of the 
angle and the second synchro, through gearings, provides 
line positioning ol the angle and improves the resolution 
and accuracy ol the system by a multiple equal to the gear 
ratio (less gearing errors)

In order to convert the Shalt angle information Into a Single 
unambiguous digital word. Ihe two-speed processor 
TSL 1X30. together with two synchro (or resolv*r)-lo-digital 
convertors is used A coarse converter o l very low accuracy 
and a line converter of moderate accuracy together with 
the TSL 1X36 logic combiner provide a very high accuracy
2-speed conversion system. The TSL 1X36 processor can 
accept data Irom any type o l synchro converter that 
provides parallel binary outputs This includes all tracking, 
sampling types or multiplexed . . hybrid or discrete 
converters (lor Information on synchro converters request 
the Natel Synchro Conversion catalog).

Cbxrectlorfe fbo M lM llg n m e n r« rro

In a 2-speed synchro system it Is almost impossible to 
mechanically align the two synchros exactly. In addition 
there is a backlash error in the mechanical gearing ol two 
synchros. These errors, called misalignment errors, are 
automatically corrected in the two-speed processor The 
TSL 1X36 corrects misalignments ol up lo t  90* ol (me 
synchro shalt angle (♦ 2.5* of coarse shalt angle lor 36:1 
system) by using the line synchro converter input as the 
reference and continuously ad|usting the data ol the coarse 
synchro converter as required.

Th* operation o< U o d*l TSC 1X36 is illustrated m the block 
diagram ol t-gur* 1. Th* 7-b<ls ol coars* digital word are 
m ultiplied by 30 lo obtain coars* data rescaled lo a binary 
m u ilip i* ol th* lm * spe«d digital word The 3 MSBs of line 
sp^eo data are compared with the corresponding bits ol 
rescued coars* data II the two do not match the coarse 
data is modified lo align it with ihe m lormation contained 
in the line data The corrected coars* daia together with 
14.Difs ol ime data represent tru* angle free ol any 
amb.qoiry or misalignment error This data is divided by 36 
to obtain the ?Obil digital word whose MSB iS tOO* and 
represents angular position ol the coarse shall ol the 
two-speed sysiem This data is then supplied to three, 
independently controlled. 3-stat* butlers organued as a 
high by i* ol 4 MSBs. a m iddi* byt* ol the next 8 bits and
•  low byteofSLS Bs Simultaneous para ilo loutputo l all
3 bytes is obtame<J by applying logic ' O ' (Ground) to Ihe 
thre* enabl* control lines. ► (()£. m ITC and LUE

t ,;.*r our rnri
o n . 'm

no «• ̂  ix * i.'o ">*1

L

Supply vo ltayo...................................-0 5 V-dc to 7.0 V-dc
Input voltage .....................................-1.0 V-dc to 5.5 V-dc
Input current .............................................. -10 mA to 5mA
Output cu rro n t........................................ -50 mA to 50 mA
Storago tem pora turo.............................  -55*C lo *-135*0

C 1-C7 Coarso Angle Binary Input
01 is MSB, 07 is LSB

F1 -F14 Fine Anglo Binary I nput 
F1 Is MSB. F14 is LSB

GUD Power supply ground
digital ground

5 V Powor supply voltage *5 V-dc

1-20 Combined Angle Binary Output
1«MSB, 20'LSB

HUE High BytO Enablo —
Output bits 1 through 4 are enabled flow 
Impcdance ol 3-state output) when HBE is 
set to a logic "low." When HBE is set to a 
logic "high," tho output bits 1 through 4 are 
disabled (high impedanco slate ol 3-state 
output)

LBE

Middle Byte Enable —
A logic low on MUE enables 
output bits 5 through 12

Low Byte Enable —
A logic low on LBE enables output 
bits 13 through 20

2
Note: For sim ultaneous 20-bit parallel output HBE, 

MUE. and L B l should be connected to ground.
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Figure 3 shows input connection! for different sp**d ratios 
Noto that tor a speed ratio ot 18 t c o m a  input C1 i!  
grounded and output MSO (1*0*) it  the output labeled 2 
fo r  a ipeed ratio Ot 3fi ?, although Input and Output 
connection* are »ame at that tor 18 1. the MSB Output (?) 
represents 90*. For * speed ratio ol 9 1 input* C t and C7 
aro conneetcd to ground and output bit 3 the MSO ( IM * |  
For line  spDod digital inpul ot le i!  than 14-bit* unuu><J LSB 
in pu t! m ull be connected to ground

Depending upon the type ol converter! uied -  sampling or 
tracking there are different m ethod! of tran»ferrmg daia 
Tho input data m ull bo staoto for the duration of conversion 
by fha TSL 1X36.

Tho rocommended method for data tran ifer trom tracking 
convertor! n lo combine converter busy output! ol both 
tine and coarao synchro converter! with an OH gale to 
m onitor when neither converter l !  updating Apply an 
Inhibit pull# to both converter! simultaneously and when 
tho data output from both convortcr* n  liab le (a i indicated 
by tho combined bu!y output) tran ife r output data. The 
convem on time lor the TSL 1X36 I* 320 n i mammum.

Data translor Irom sampling converter! I i  accomplished by 
combining tho DATA READY outputs of both fine and 
coarse synchro convertors with an AND gate \VTten dala n  
ready lor both converters tho Input data may bo translor rod. 
II, Instead ol DATA READY. a CD (convener busy) signal is 
available, Ihon an OR galo would bo required todolerm ine 
II tho data Is stable. For multiplexed systoms storage 
roglsters would bo roquirod lor fine and coarse data. 
Contact one ol our applications engineer! If you need 
assistance for your design.

OUTPUT DATA TRANSFER on an 8-blt data-bus is ihow n 
In figuro 4. The timing diagram lo r data transfer is shown In 
llguro 6 . Accoss time and recovery time lor enablo controls 
Is shown in Iho timing diagram o l figure 5. The output data 
Is available 320 ns alter the input data Is applied. When a 
logic low i i  applied to the enable con tro l!, tho 
corresponding datablts aro loaded o n tho 8-bit data bu!. 
Enable control LBE translo r! 8 LSBs, MBE transfers 8 
middlo data bits and H B t transfers 4 MSBs on the data bus.

Noto that user should avoid having moro than one reg iite r 
onnblod on tho bus at ono time since tho enabled outputs 
will doliver short circuit current Into othor onabled outputs 
wired together. While physical damage to the convortor is 
unlikely, long-range a llect! o l short circuit current! are 
unpredictable.

• S 3 ---------
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TSL 1X36—T M

Tcm pcra tu ro  Hangc

1 =0*C  to  70“ C 
3= -5 5 ’ C to  *1 0 5 *0

M il - spec ifica tion

S ’ standard
B -M IL -S T O -8 8 3 0
C =M IL-STD -883C

For speed ra tios o th e r than 36:1, co n ta c t fa c to ry  
fo r  p a rt num ber.

O t b w y p r o i l a c f f U a h l T l r o i m W ^ c a ^ .

•  H yb rid  (36-pm  D O lP s ife ) S ynch ro  I Resolver). to -D ig ita l 
c o n v e rte r i w ith  10 to 16-bit r» » o lu tiO n i (1000 series)

•  H yb rid  (36-pm  OOIP s i/e ) O 'g ita t-to -S ynch ro  (Resolver) 
conve rte r w ith 14 and 1 © - b it reso lu tions  (2CCO series)

•  Two-Spood Synchro (Resolver)-to-Oigital converters 
with •*' and 20-oit resolutions in a nngte package

J t i 2SD-102 and 2SD412)

•  M u ltip lexed  S ynchro  ( f le io lv e r j- to -D ig ita i converters

•  So lid  State con tro l tra ns fo rm e r! (SSCT) and d iffe re n tia l 
tra nsm itte rs  (SCDX).

•  Anqto position indicators and syncf<f0 instrumentation 
lor bne-ipccd and Multi-speed appt’oations

•  H igh  Power synchro/reso lver d r iv e r i

•  Codo-convorteri.

A wide range of application! assistance Is available from Natel. Application Noto! can be requeued whan available . . .  
and Natel a application! enginoeri are at your disposal lo r specific problems.

*T L

' - . < r y

Natel Engineering Co.. Inc. Natel Hybrid Division i  “
8954 M ason Ave. 21602 M arilla  Ave.
C anoga Park, C A  91306 (USA) C ha tsw orth . CA 91311 (USA) '

Phone: (213) 882-9620 •  TWX: 910-494-1959

Specifications subject to changa without notice.
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u cm T J^T n -. Synchro (Resolver)-to-Digital Converter 
HSD/HRD1014 Microprocessor Compatible 14-bit Hybrid

• 3-state latched ou tpu l 
(inh ib it docs no t in te rru p t tra ck in g ) 

• 8- and 16-bit m icroprocessor compatible

• 2.6 arc-minute accuracy

• Very high tracking rate 
(3600 degrees po r second)

• High common-mode rejection
(Iruc d iffe re n tia l in p u ts )

• High Input Impedance

• Programmable Gain Control

• TTL and CMOS com patib le

• Analog voloclly and error voltagos output*

• Single 36-pln hybrid  DDIP package

• Hl-rcl MIL-STD-883B processing

• Priced at S435/USA price 
(H S D 1 0 1 4 -1 4 9S )

A v io n ic * system *
A n lo n n i m o n ito ring  
S *rvo  *ystem *
C o o rd m a i*  conversion 
Fire Control l y i l i m i  
A«i» ro ta tion  
Enqmo co n tro lle r*
Ind u s tria l co n tro l system *
S im u la tion
Robotic*
M achine too l co n tro l system * 
S olar panel c o n tro l *ystcm »

Tho HS0101.4 (H H D 10 14). a 14-bit S ynchro  (R osolver)- 
to-O igilal Converter, packaged in  a 30-pin  DD IP  hybrid , 
o l^ rs  high accuracy. m ic rop ro ce sso r c o m p a tib ility  and 
c«ccllent dynam ic pcrlo rm nnco  Requ iring  on ly  a single 
•15 V-dc mam power supp ly  (or its opera tion , tho 
converter m aintains both s ta tic  and dynam ic accuracy 
over n wido range o l power su pp ly  varia tions. The 
digita l oulput voitago levels can  be co n tro lle d  
Independently by a logic vo ltage  Inpu t V|_ Tho logic 
supply voitago V L can rango  Iro m  4 5 V-dc to  the main 
power supply voitago At 5 V -dc lo g ic  supp ly  tho ou tpu t 
is CMOS/TTL com patib le  and  can drive  ono 54/74 gate 
load or (our 54LS/74LS gate loads.

Using a h igh-accuracy d iffe re n tia l s igna l c o n d itio n e r for 
tho resolver inpu t and a res is tive  sco tt-tee  (or (he 
synchro-input, tho converte r p rov ides com m on  mode 
reaction  in oxcess ol 70 d(3. The inpu t im pedance 
remains constant and ba lanced independen t of dc power
lo  the converter. This feature  preven ts  load ing  o f the 
synchro and re lorence in pu t lines when the conve rte r is 
not powered. This techn ique a lso  perm its  resisto r 
programming (or non-standard  in p u t voltages.

T ransfe rring  data (rom  the 1014 Is fac ilita te d  by the use 
o t a transparen t la tch w ith  3 -state  o u tp u ts , con figured  
as two Independently  enablod bytes. Not o n ly  does this
•  How data to  be read w ith ou t in te rru p tin g  converte r 
tra ck in g , it also porm its m em ory-m appod data Intorlace 
and co n tro l w ith  the most p op u la r 8- and 16-bit 
m ic rop ro ce sso r* and s in g le -bo ard  com pute rs.

Three analog outputs : ve loc ity , un filte re d  dc e rror and 
tille re d  dc e rro r near nu ll are made availab le  (rom  the 
1014. A g a in -co n tro l p in (Ge) i*  p rov ided  to a llow  user 
to  p rogram  the converte r to r n on -s tandard  inpu t 
vo iiagos w ith ou t deg rad ing  the a ccuracy  o f the 
converte r.

Although pin-compatible Synchro (Rosolvor)-to-Digital 
conveners are available. Natols Model 1014 oilers 
superior dynamic performance while maintaining its 
high accuracy. In addition, the Model 1014 usos 
established reliability (ER) components and is built in 
accordance with the requirements o l MIL-STD-883B 
including 168 hours o l active burn-in.

ACTUAL S l i t

The o pe ra tion  of the M odel MSD1014 i*  illus tra ted  m the 
fu n c tio n a l b lock d iagram  o l fig u re  1 The HSD1014 i t  a 
h igh  gam  Type II Hacking converter e«h ib itm g « r o  e rror 
tor a constan t vo ioc ity  inpu t The basic conversion 
p rocess co nsis ts  o f co n tin uo u s ly  com paring  Iho d ig ita l 
o u tp u t ang io  (0 |  and the S ynchro  (or Resolver) m put 
angle (0 ) An up-dow n  coun ter, conta in ing  the feed-back 
angle, is changed (increased or decrca '.cd ) u n til tho 
teed -fi.ick  angie equals tho m put ang io  Onco syn ch ro ­
n ized. the o u lp u t ang le  tracks the in pu t angle 
c o n tin u o u s ly  and the data is always Ircsn  and always 
availab le  (e«copt d uring  tra n s itio n s ) Tho m put signa l 
c o n d itio n e r accepts e ithor a S ynchro  or Resolver inpu t 

.. an il covum . it in to  low  lovol s igna ls  tu t  H and  c o s #  The 
ti;i-d  t).iok loop  consis ting  of an erro r processor, 
vo itag o -con tro lie d  osc illa to r and a 14-bil up-dow n 
co un te r p roduces a 14-bit d ig ita l ang le  (O) Tho m put 
and toed-back s igna ls arc com b ined  m a so lid  stato 
c o n tro l trans lo rrno r to obta in  an o rro r voitago. (o) 
a ccord in g  to Iho fo llow ing  tr ig o n o m e tr ic  iden tity :

"e " * sm (0 -0 )  * sin 0 c o s o  - cosO sm o

When the error voitago goes to null, Sin (0 -0 ) is zero, 
which makes the angleOequ.il to tho angle0. Thus, tho 
d igital output represents Iho mput shaft angio. The error 
voltage (e) is an ac signal proportional to tho instan- 
tnneous error between the input angle and the feed-back 
angle This error voltage is synchronously demodulated 
with the bullered reference signal. Tho demodulated 
oulput is a dc signal proportional to the tracking error 
(0 -0 ) Tho dc error is integrated to produce a voltage 
proportional to Iho converter s tracking velocity Tho 
velocity signal (availabio at pm 23) is the control Input to 
a voltage-controlled oscillator. The VCO output changes 
the up-down counter, which contains Iho feed back 
angle. 0 . Tho up-down counter functions as tho second 
integrator in Iho tracking loop. Tho output of the 
counter is then supplied to a holding rogister and dual
3-state buffers lo r output Interlace.

The o u tpu t in te rlace  c ircu it consists o t a 14 - bit ho ld ing  
reg ister (latches) and dual three-sta te  bu tte rs  This not 
o n ly  im parts  a versatile in terlace  capa b ility  (data m u lti- 
p ie«m g on 8- or 16-bit data bus) to  the H5D1014. but 
a lso enables Iho INM (inh ib it) c o n tro l to be used w ithou t 
o pen ing  tho convertor loop  This feature is im portan t 
since s y n c ro ’roso iver-to-d ig ita l converte rs  typ ica lly  
d isab le  Iho up-dow n  coun ter d u r ing  data transfer 
causing severe transients m tho o u tp u t data when tho 
converte r is re-enabled (inh ib it rem oved) and the 
tra ck in g  loop  is forced to rc -synchron ize.

When in m  is at log ic  "h ig h " or open, each c lo ck  pulse 
Irom  the V C O  e i 'H " j* »  t " "  up-dow n c o - r , ^ - '» nd o u tp u t 
by 1 LSB Whon INN is at a log ic  low . the ho ld ing  
reg ister is la tched (w ithm  3 jjsec m am m um ) and 
a lthough  the up-dow n  coun to r is updated con tinuous ly , 
Iho o u tp u t data is stable A 2 u ie c  pulse >s generated at 
CB  (pm 24) every tim e up-down co un to r changes by
1 LSB.

Tho o u tp u ts  of the ho ld ing  rog istor are buffered  w ith  two 
throo-sta to  buffers w ith  separate enable co n tro ls  When 
HBE is at lo g ic  " lo w ," the 6MSBs (B 1 th rough  B6) are
enabled. W hen LBE is at logic " lo w ." the_8 LSBs ____
(B7 th rou g h  B 14) are enabled. When HBE a nd /o r LBE 
are at lo g ic  h igh " tho correspond ing  b its are in the high 
im pcdance  slate (d isabled) and the da ta -bus sees an 
e ssen tia lly  open line.

Note that app ly ing  in h ib it to the converte r w ill la tch the 
data in  tho 14-bit h o ld ing  reg ister (and w ill prevent it 
from  be ing updated) . . .  but w ill not in terfe re  w ith  the 
co n tin u o u s  opera tion  o l tho convers ion  process.

Enablo co n tro ls  F75? and LBE operate o n ly  on three- 
state b u tle rs  and do  not a ffect the converto r loop.
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The connections lor S y n ch ro  and r n o W i'i  in p u t*  are 
m o w n  m Injure 2 The in pu t Signal c o n d itio n e r Ol l^e  
Model '014 converter i t  designed 10 accep t either 
ly n c h ro  or resolver inpu ts  In add itio n  it uses 
d ilt r rc n t ia i amplifiers and matched p re o » io n  I 'v V O U  
to p rov ide  a high com m on-m ode reieCt'On ra lio  Thu 
e lim ina tes the need tor e« te rra l tra ns fo rm e rs  lo i mc»t 
.!({• I• C t • Or-S The input Signal cond 'tiO ne r perto rm * t * 0  
fu n c t io n ! f o i both lyn cM O  ana re io '.e r  form at in p u t! 
it se rve* .n  .i precision a ttenuator re d u c in g  the 
am p litud e  ot high 'e .e t ac m put i ig n a n  to  if« e i*  wh.ch 
can r( processed by the convener fO f M Synthro  
input th ,*  network t 'a n s 'o rm i three w r *  *yn chro  
in fo rm atio n  into resoNer tormat IS 'n fla n d  COS0 I

I — ! • ■ " • ■ "  ■' ■ ' g

Uoth signal  and reference inpu t* are true differential 
in pu ’ S Ji"<J use precision th.n.1,1m le m t m t  lof v g na l 
fl ttenual on II input voltage* etCeed the absolute 
i r u n m u m  rating*. ihe thinfi lm r e tu to r *  m iy  be 
de s tr o y e d  To prevent Ihi* from hap pe n in g , it i t  
reromrnenflnfl that trannen t voitaqe tu p p re sso r* be 
installed on com »ignii and reference lin e *  S ynchro* 
ami resolvers are highly inductive and can genera l* or 
c o u p le  transients many time* g reate r than the ir norm al

*igna l *onage* and can easily exceed th« ab*otut#  
m a tim u m  ra l.n g * Th i* t itu a t io n  i*  p a rticu la rly  like ly  lo  
o ccur >n cave* w h e n  th# n o t a t io n  o r *o u rc *  vo'tage 
lo r the *yn ch ro  |resol<er) n  sw itched  on or 0*1 
Transien t* can a uo  occur by o ther equ ipm ent being 
turned on Of o il f ig u re *  3 and 4 *h o w  recom m ended 
m e tho d * o l c o n c e d in g  »ynchro »nd resolver in pu t*  
T ran*ien t voltage *u p p re **o r g iven in  the tab le*
(or equ iva lent) m u ll ba u te d  to  a **u ro  in pu t p ro tec tion

Non-standard input signa l vo ltages aro occom m odated 
w ith  the addition ol an enternal res is to r connected  
between Cam contro l. Ge (pm 31). and Bias Voltage, 
V (pm  34). The c ircu it c o n fig u ra tio n  lo r  resistor 
p rogram m ing Is shown in ligu re  S. The form u la  lo r 
dete rm in ing  Ihe value o l o * le rna l resisto r n t  and the 
converte r model lo  be used are show n  in the table. The 
res is to r R1 increases the gam o l V o ltage  C ontro l 
O sc illa lo r (VCO). thereby com pensa ting  lo r lower in pu t 
vo ltages. For input voltages g reate r than 90 V-rm s 
line -to - lin c , the method described in  Natel HSRD1006 
da ta  sheet can be used. Contact fac to ry  i l  you require  
assistance.

A s y n c h ro n o u s *  D a t» T fe n i f« i

A iy n c h ro n o u *  data transfer Irom  the 1014 C onverter i* 
show n m ligu re  6 C o n iro l fu n c tio n *  mITT and CUE 
h.ive in te rna l pu lldo w n  c ircu itry , p erm itting  these pm * 
lo  fx j le lt open The data i*  c o n tin uo u s ly  a»ailabie at 
th *  o u tp u t pm*, but it may bo chang.ng  at any ip p c i lic  
tim e in  o rder not to tra n ite r da 'a  d uring  trans ition  
t 'ln rs ,  t re  m n ib it fun c tio n  shou ld  be used There are 
u o  m e thods availab le  lo r t ra n ito rn n g  data One 
m e thod  *s to m o n ito r the CD o u tpu t and transfer data 
at th .j tra ilin g  edge o l the CB pulse The p r r 'c r tc d  
m ethod  is on com m and signa l Set the INM inpu t lo 
log ic  low  tor not less than 3 jisec  The 14-bits o l 
o u tp u t data may then bo Irans lerred

Note tha t w ith in  4 „ ie c  a lter the in h ib it is removed, 
updated  accurate  data is available lo r the ne«t cycle  o l 
d .tla  tra n ite r  Tfn* is made possib le  as Iho INM does not 
in te rru p t the convers ion  process

■k w h h w h UL, I'f ’ y
J i L SZ

Tho c irc u it  c n n tig u rad o n  for trans fe rring  the 14-bit 
o u tp u t o ' the M odel 10^4 to an O bit d .i ta b u s  is shown 
m *'gure 7 Note that iNm siqnal. a log ic  lo w .'' is app lied  
lo r tho e n tiro  rfata tra n ite r cyc le  lo  present t ipda tm q  ot 
in te rna l h o ld in g  reg ister (latches) A fte r INM is ap p lie d, 
wait for 3w iec before transferring any data When HLtc is 
nt log ic  0." the 6 MSBs are transferred to  tho data-hus 
W hen l E T  i* al log ic  0" the 8 LSBs are i ranslerred  to 
d a ia -b u s  Note that lo r the data transtor. ML)t and CUE 
can be app lied  in any order

The c irc u it C nnl.gura iion  lor I ra n ite m n g  the o u tp u t Ot 
Ihe M odel 1014 In » If. h it dala  bus is snown in  ligu re  8 
A pp ly  Ing.c low 10 IN K  inpu t W a il lo r  3 u V C and then 
app ly a logic low  to enatue in p u t*  (Mtjfc and L U t)

Note th a t w ith in  4^sec a lte r  th e  infubil is re m o .e d .  
updated a c c u ra te  daia is available tor th e  r » it  c y c le  ol 
data Iram ler Thu ■* m ade  possible as the IN M  does not 
in te r ru p t  th e  C O n< er*ion  p ro c e s *  O n ly  th e  h o ld in g  
re g is te r  (la irhes) a re  p re v e n te d  tro m  u p d a t in g  d u r in g  
Iho time INM is at lo g ic  lo w  “
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Tho 10 1 -« f lc fg n  incorpo ra tes ih o  p roven Typo II 
tra c k in g  cesign (K V * * )  m a  h a *  been co n fig u re d  to 
p ro v ide  superior dynam ic perfo rm an ce  m depencent o l 
p ow e r supply vo ltage  over iho range  o l 11 V-<JC to
U  v -o c

The convo 'tcr wilt track the in p u l angles up to specified 
tra c k in g  rates (ice  specifica tions. pages 6 ana 7) w ith  
no lag  error The accele ra tion  co ns ta n t (K * )  lo r the 
co nve rte r i» *1 GOO* /sec' Doth sm a ll and targe Signal 
response  lor the M o d e l 1014 aro show n in  ligu re  11

The Larga Slgml transient response  •* dependent so le ly  
on the  m anm urn  v e lo c ity  and Iho m n m u m
accele ra tion  ol which the conve rte r is capab'e
The large n qn jl parameters are d e lm rd  in ligu re  9 The 
S y n c h ro n iz in g  time (»SVNC) ,0 '  la rge signals can be 
p a rtition ed  into th ree  d iih n c l in te rva ls  A cce le ra tion  tim e 
( lA C C l S'ew timo ( I s i c w l  and O vershoo l lim e  (tQ S l

A cce lera tion  time ■» the time in te rva l from  app lica tion  o l 
tho step.input to Ih o  pomt at w h ic h  me converter 
roaches its m .inm um  velocity

Slew time i l  the lim e  interval fro m  th *  p om l at wh ich  
m .n irn u m  velocity i» obtained to  the pom t at wn.ch the 
o u tp u t angle is firs t equal lo  Iho in pu t angle

O vershoo t time u  th e  lime in te rva l irom  the pom t at 
w h ic h  the converter output ang le  l in t  eauals the inpu t 
ang io  land applies constant a cce le ra tion  in  the oppos ite  
d ire c t io n ) to tho p o in t at w inch the o u tp u t anglo again 
reaches the input ang io

At tho  end ol overshoot time. Ihe  sm all signa l responso 
Decom es dominant and the co nve rte r w ill sottle to the 
h n .il value according to its sm a ll s igna l transient
(csp o nso  function.

The SmsII S l f ln j f  se ttling  tim e | l . )  is spec ified  lo r s iep 
inpu ts  o l k s s  than 1 a degrees fo r  sm a ll s igna l steps 
the vetttm g time is a fun c tio n  ot the trans ien t response 
o l me convener Th© transfer fun c tio n s  for both  f/0 m / 
and <00 H i m odels are \no<vn m f.g u ie  10

"*a-

PlGUM 10 Tf*A|t*« fwnOKKM lo* 101

Sm all S ignal Input S tep  = 0.7 Degrees
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Large S ignal Inp u t S tep = 179 Degrees
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PARAUITCA V A tU t ACMAJU1

O O o l p o l  H#MWuiK>o 14.M |  11 s n  .m,n0 i r n

! * 2 a»< ic p ' o * 0l 
• 2 6 arc n»,tet t c r - c *  m|

ACCw*4Cv a f f i * r |  O•+• P(«'4t *VJ range 
fa^g* an<j .n / i„d # i n | i t f« r | . |

A#l4*#n< « Input

\c  ‘ a ;♦ 4 *0 1 20 V « - '|

S *  to ’ COO HI 
4 * *0 »CO0 M|

4W) H/ Mooeift

t«C .**00 k it S ^g ie  C*d*d 
I 'n  M l C f'e ren t «I

C " 'C *  *.**!♦ I 'a ^ e • : w  V r -4 -  n>», *:c P'«il ac f^afc

S f r>< n• o A i t o i t f f  Irp u ti

• *Pwl VO’agM 
• L .f #•» >  ̂ fv«i

11 8 V #m| 
7ft V » ^ |
*>3 V

>ccu»arv o* 1** con.#*»*r •« »ai«ia*n# l  •  ih • 10S 
.a»*at*on .n %.g»-at .o-'ag#!

t: i *o r,»<n
* « 8 V rfr.% t I, ns.h1# % 

;4  V « ~ l t  l  Mry|« « 
>) /  I  ̂ .

€0 Ml 
1 #;0 M l 
VO . 11

30 Ml 
.•i Ml

r i  mi

'*■ c • ' i * '- ' •  v j^ ts  • 0 1*.

C c^^'O n Mode f*ang«
• X) V (411
• CO v
• l^n  V t^4 *

M H V •»»*• « | 
V f*v>,>#t| 

>) V.#m| r-U 11

Common ».'C te *0 00 •3c *0 tcon mi

" » ‘ ‘r O'''C 0 VOMtO* i r .  m i.im u m <Jrg**oaSon in accu»acir if» f( '  ca*.cn
Digital Inpo ii CMOS fran|.#nt p»o>C»0

o 'tag* 1* »•!* 
I ' jq  c 0
lO*)*C 1

0 3 V ftc 10 0 « V DC 
.’ I V i r

ro r V.fc • s V dc

lO'j-C 0
Log C 1

0 J v tic io 0 ) v L 
0 f  VL lo VL

lo r  V, . 1‘,V d C

• i i  «A t)piC4i act'.?  jMiM iin 
to lu rp iy  |V^ )

Wn^n T i l ,  v t  ^___^  . ■ ,

HUE 106 IS t»A tvD*c4i active ' puii*down 
to ground iGNOl

V^hen nol m,iy h# >et| unconnected

Digital Input Confront

INM lo g ic  1“ 
Logic 0''

O'gitet Output follows analog mpul iig n a ii 
Output d.ua taicnod m holding regntcr 
(Ooei no! interrupt converter irac^ing-loop )

NHL Logic 0 
Logic I

6 MSB* * r*  enabled
ft W SIIi are in hign imc^dance itate o» 3-ttate o^itput

LIU.
I Logtc 0 

l.og»c 1“
n ISO * Arn enabled
H LS fl* am m high impedance ttate of 3 »tate output

Oigit«l O utput!

Logic Typo TTUCMOS comp.iiibie Depend! on logic supply voltage (V^)
Dm*# Capability

CO
1 Standard T TL 
1 Standjrd TTL

t or 5 V-dc logic supply voltage (V^j

Dala Bds (0 I B 14) N«tufal Binary Angi# Positive Logic

CO
Logic *0"
Logic T
(2 mMC pult«  for •  very 
LSB c^ango)

Output angle not changing
Output angle changing
(Loading edge initiates Output change)
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Art* log Output! T rp<^Ai V«*w*« c ' * a*» ‘ V« •*♦*1

v ,b  <»\ vct.tq*i I* is  v o : ? • 1 *S v -J< <v • ’ S V-.IC <•»■»> l '  - “ *

o  .L 'a ti'T iM •'<) ‘ M M I •K rO ’O *  '» > , * 'V * lt * 5  V

£ . t ..•*»#<\ ('*0*1 • 1 V 'J t t » i  • '  I ' . ' )

tj «v***octf C -ttu ti 0 4ft V -Jt p#* *p»
1 f t i  v <j : r*» •*%

400 **» "**J»  » 
•A H / m oo*'*

u s  »
0C » Co*  ft ) A * g „  •* I ' r u ' i c *  1 **c **•«*•♦

t  • » ! ! ; •  n * l* l " < M  '0  V
tt 't  .»r*«i * f -*'t « ~ j'» i

C**e* C4p«0"tf 1 r*y A An a*-j'og t iv 'r u i i

A rvjiog C»'A Control (G«) (>A « p*og*Am<*>.~g £■"

Ci*.« CO*l»W 4 10 t iv  irovii a*o'»<)»' on oi k <m* * '.v

C » i< i( i« » ik i 1 ,p < j l  • * lv ^ *  « " • * •  »[»<•' *4

*.**• tlA O *^  ***»• • 10 rp% t.W/J* {*♦* i»t»
•? *r% i* . '0 ‘ t~*

*a0 M; moOAl*
tO H I r - T l l ' l

rco ooo* »•<
is  V O " *er

1«3 MX "VOO*'! 
ro  M/ mOflA't

Af I rip* i l l  0*> *0* • i i» n  #**0* i coo1 »«
CS* 1»<

100 Ml mod#i% 
U> HI moOA't

S#it«.rg 1.m# to I IS O  
|IO» 1 t V  H*D

ISO m \*< 
100 *r»*<

<00 M/  >"O0»l» 
U) H I (*>O0»'l

Stilling t •*▼**» 10 1 iSCi
«%rr»*n vq*>4l l**t> Z 1 ** 1

20 m ,*c  
ICO m»*c

400 H I model* 
50 H I mod***

iwpphti

Mi<n 'julipiy f  V|

Voting# 11 v  <le io  1/ v oc w.tnotii d**)f AdAt'On •« « rcu '*cv  tpetitiCAimn

C w H ftftl 70 n< A HriC .ll 
30 in A n.Hum

fo r "IS  V-dc po»«i tuppiv

Logic VoH.t')* |V t|

Voltage j  b v-dc to >«.«»’ (TtS^T jo t  C, 4 v-*Jt * l i i 1’ 'o» t tT c '> “ 'r » , 'r>** ouni.it -

Current 1 mA m m m iim  
3 rnA manimum

For i  V-dc logic *»ppiy 
For t i  V-dc logic lupp 'y

P byiica l Chir»ct»ri»l»ci

1vP« 36 P IN  OouBln OlP

3 tu n d o r it  ar* added to me pacimqe to 
in itila le  it from printed circuit board trace* 
m ando lt* included in 0 2t men ne.gnt d im enjion)

S'fi* OTA*  1 9 a 0 21 inch 
(20 ■ *4  « S 3 rnm|

Wmgnt 0 6 0 /  (17 g l nv»A

Model 10U convenor uses thm-film  resistors (as compared to screened thick-lilm  resistors), thereby allowing lloMibility ot 
design changes Non-standard voltages. Ircqucncy. dynamic requirements, etc. can bo accomodated with minor modifications, 
olton, without any additional costs.

II your application requires non-standard input or output characteristics, contact a Nalet Applications Engineer or sales 
department.
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01 • 014

Mam Power Supp ly  *
11 V-dc to 17 V-dC

L o g c  Voltage •
5 V-dc ( fo r  T T l com patib le  o u tp u l)
4 5 V-<Jc lo  • 15 V Supply
( fo r  CM OS com patib le  o u tp u tl

Power S upply G round 
D*gital G round

Parallel O u tpu t Oaia Oils ■
01 >» MSQ • 180 degrees 
014 i t  ISO  • 0 0?? degree

SV *>? 03 34 Input Analog S ignals •
leave 54 unconnected lor synchro-inpul

03 OC Outtered S*n0 and -Cos Ooulpuls

RH. R l Reference Voltage Input

1 P i. TP? Test pO'nit •
IFor lu lu r* e ip in s io n  to IP b itt l 
(fo r factory use omyl

Go C •temai Gain Control
(sen tm i lor deta ili)

•D Untiltered dc null error •
Output it  referenced to bias voltage (V) 
(see te it lor detaiit)

•E Amplified. Iilterod dc null voltage •
Output is releronced to bias voltage (V) 
(see tent for details)

0 V e loc ity  O u lpu t •
dc analog voitago proportional lo rotational
speed of tho input shalt angle
Output is referenced to bias voitago (V)

V Bias Voitago ■
Internally regulated reference voltage 
serves as reference ground for all analog 

. .. -• . ■

INH Inhibit Function -
A logic "low" freezes the digital angular 
oulput. Internal loop Keeps tracking tho 
analog input. All other outputs keop 
following the input For continuous 
operation this pm may be left unconnected. 
Intornal active pull-up will apply V|_ to the 
pm.

St i 34 o c

S7 2 3S OS

S3 3 34 V

%* 4 33 ir«M

Ot 1 32 • IV /

0} < 31 a *
0 ) 7 33 TP7
04 1 29 C»*0

01 1 :» VL
P<1 '0 i t • 0

11 a r m r

M •2 21 n r r
r » •3 2< CO

01 0 •4 23 i
O 'l t i 22 t
P ’2 '» 2t r r t
f l t j t f 20 h i
n i a <1 19 n><

f i c u r t t  1 }  M S 0 1 0 1 4 H A D 1 0 1 4  Pin A l i g n m e n t

I C o n v e rt e r  Ou s y  •

A pulse wn.ch occurs during 
updating ol the holding register 
Outpul data can be transferred at the 
trailing edge of me CO pulse 
When converter output i t  not changing CO 
is ai logic low "

JE Hiqh Oyto Enable •
O jta bits Ol through 00 arc enabled (low- 
impi.Q.mco state ol 3-state output) when 
Hijfc is set to a logic low '' When HUE is sot 
to a logic "high." the data bits 01 through 
80 are disabled (high-impcdance state ol 
3-state outpul|.

it. Low Oyte Enable •
• * Data bits 87 thr6'n,jfi~irf5*IIreenabled wnen

LbE is set to a logic "low " When IBE  is je t 
to a logic high." the data bits 87 through 
814 are disabled.

Note For continuous 14-bit parallel output HBE 
and LUE may bo loft open. Intornal active 
pulldown to ground will apply logic Mow" to 
these pms thus enabling all data bits 81 
through 814

12
Signal In p u ts ...........................................................................................................................................................  Twice Normal Voltage
Roloronce Input ............................................................................................................................................................................  200 V-rms
Main Power Supply (»15 V )........................................................................................................................................................... *18 V-dc
Logic Voitago |VL) ............................................................................................................................................*4 5 V-dc to ‘ 15 V supply
Digital Inpu ts ........................................................................................................................................................................ -0.3 V-dc to Vi
Storage Temperature ....................................................................................................................................................... -65*C to ‘ ISS'C

When installing on or removing the converter from printed circuit boards or sockets, it is recommended that the power 
supplies and input signals bo turned off. Decoupling capacitors arc rccommcndcd on the main power supply (• 15 V) as well as 
logic voltage (Vi_). A 1 tantalum capacitor in parallel with 0 01 *iF ccramic capacitor should be mounted as close to the supply 
pins (32and 28) as possible.
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(PflMwitq E lK i^ tC n  tntcUiUtlcc

r \* j i  1B
CHARACTERISTIC LIMITS j UNITS

MIN TY P MAX
s** **.» rw s i *»U1m i * ) - -
•u** *n S t *'01 m » f *
!*.»*< | * '0 1 m

c *  CoTt .
/  *OiOG*C r  \pf>. - «*0

H-&H 1 TOiCO'C 0 »»*/i - «0 VO
iCG'C 1* *0 miGh / - *vo 770
lOG'C 0‘ to  high I  1 ^ ; - TOO M
t«anv»'ON tiv iS  

' 0 MiG* 7V0 V\
h>Gh to  10 * - •JO t \

iM*w1 CAe*Ci»*NCt C,N
lAKr - 1 1 i

- i r -  - r  H«.

E E E m rs s s
Tho outpuis ol the s ig n jl c o n d itio n e r . . . resistive 
scott-teo lor synchro-inpu t and d iffe re n tia l a ttenua to r for 
resolver mpul . aro the sine and cosine  o l the in pu t 
shall angle 0 ' In the converter the sine and cosine  
outputs ol signal cond itioner are processed to obta in  
d ig ita l output Theso outpu is  are also b rought out on 
pm 35 IBS) and pm 36 (-BC) as b uttered  sine and 
cosine outputs Nom inal vo ltage tor sine m axim um  and 
cosine maximum is 1 V-rms re ferred  to bias voltage V 
(pm 3-1) . . the in terna l ana log g round  Tho ratio 
accuracy ol smo and cosine o u tp u is  is better than
I arc-m inute.

Other analog outputs avnilablo Irom  the 1014 converters are

• 0 ........................................................nn filto red  dc e rro r (pm 27)
• f .............................................................. filte red  dc erro r (pm 22)
0 ..................................................................ve loc ity  output (pm 23)

and are referenced to bias vo ltage  (V)

. Jim  b m xroU jgu  V.J5 OQual to  "/ (• 15 V j i u i n  *
puvviM supply voltage o l • lb  V-dc. the bi.iu voltage is 
7 15 V-dc

• D is «n untiltored dc vo ltage p ropo rtiona l lo  e rror
voltage sin (0 -0). where 0 '*  inpu t angio and 0 is the 
d igita l output angle. -16 m V-dc erro r voltago 
corresponds to an e rro r of ‘ 1 LSO (0 022 degree).

-E is filtered dc voltage p ro p o rtio n a l to (0-0). A -1 V-dc 
voltago corresponds to an e rro r o l *1 LSB
(0 022 degree).

0 is a dc voltage p ro po rtio na l to  th« ve loc ity  o l me inpu t 
shaft angle (and o u tp u t d ig ita l ang to l Tho voltaqe 
goes positive fo r increas ing  d ig ita l angle and goes 
negative lo r decreasing d ig ita l angle A • 1 v-dc signal 
co rresponds to • 2 1 rps tor 400 H i m odels and *0 54 
rps lo r tO Hz m odels

S caling  o l all analog o u tp u ts  is independen t o l 
m am -power supp ly vo ltage between 11 V-dc and 
17 V-dc Also an analog ou tpu ts  are opera tiona l 
a m p lifie r ou tpu ts  and have a drive  ca pa b ility  o l 1 mA

The analog outputs  -O. -E and 0 are b y-p roducts  ot the 
techn ique  used m m echan iz ing  the convers ion  process 
and are made availab le They are not c lose ly  contro lled  
or characterized func tions

II a b ipo la r s ignal is ream rod lo r any analog output a 
d ilfe rence  c ircu it, as shown in lig u re  14 may be used 
The output can bo scaled to a desired  value by selecting 
the gam of the c irc u it A lso il  reverse p o la rity  ou tput is 
desirable, tho bias and s ignal co nn ec tio n s  to Iho 
d ilfe rence  a m p lifie r s h o i^ W J ia jto i 'o td  . . . • * ■

BS (Pin mi on «C iPin >«i o -  
on t  (Pin i: \  on o (Pin tu  

on < ip in  I I I

t  o a in  * —

FIGURE 14 C ircuit lo* Bipolar Analog Output*

p U ^ 8 S V , n t ^ ( a o V ^ c ^ ^ h c t i» a V « ] la M B > f r o r T < N A T E I ! l

■ Two-spued logic com biner w ith  20-bit. 3-state ou tpu t, In 
a 1.3 x 2.6 x .35 inch size (TSL1x36)

> 14 and 16-bil D ig ita l lo  S yn ch ro 'fle so lve r converters, 
with internal power arnphliors (5012, 5112, 5116)

> High power S ynchro/R esolver Drivers

> 10 to 20-bit singlc-speed S ynch ro -lo -D ig ita l converters 

» Hybrid synchro converters - see page 12

i Low  p ro tile  O ig ita l- lo -S ynch ro /R eso lve f converters

■ Two-speed S ynchro  (R eso lve r)-to -D ig ita l converters 
w ith  16 and 20-b it reso lu tions  in a single  package. 
(M odels 2S0402 and 2S0412).

> Solid  State co n tro l tra ns lo rm ers  (SSCT) and d iffe ren tia l 
transm itte rs  (SCDX).

> Ang le  pos ition  ind ica to rs  and synchro  ins trum enta tion  
fo r one-speed and m u lti-speed  app lica tions.
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A t a standard p iac tico  all Natel 
h y p r  d s y n c n io  converte rs go 
th rou g h  a power burn -m  for 168 
hours at m axim um  opera ting  
tem pera ture  A lthough  custom er 
spec.t ca tions  m somo cases, may 
not r r o iin e  it. we at Natel have 
four'C  a c tu e  cow er b u rn -m  well 
w o itn  the p<pen {c Added in itia l 
cos is  sa»e held fa ilures and 
m uch h ighe r System fa ilure 
costs

A b u m .in  c irc u it for S ynchro  
in e s o iv e r i- to -O ig ita i C onverte r 
M odel 1014 is shown in figure  15. 
An ac source  p rovides the 
e ic i ’ a tion  vonage tor the synchro  
(reso lver) as w ell a t a reference 
vo ltago tor the 1014 conve rte r The 
f r e q u e n c y  and v o lta g e  Of the ac 
SOu'Ce are d e te rm in e d  by tho 
op tio ns  o< the u n il under burn-m  
A S y rch ro  (reso lver) or a synchro  
(re s o '.e r) s im u la to r o g . a d ig ita l- 
lo -S ynch ro  (reso lver) converte r may 
be used fo r s igna l inpu t To 
o e rc is e  a random  d ig ita l pattorn  
the synchro  or synchro  s im ula tor 
may be ro ta ted  to app ly a changing  
in pu t sna lt angle Input S4 is left 
unco nn e cte d  lo r synchro  inpu t 
m odels Tho mam power supp ly  is 
set at • 15 V-dc and the lo g ic  supp ly 
may Ce set at 5 V-dC or 15 V-dC 
T P l. TP? and Go aro left

H O U M  I I  C irtiM

unco nn e c ted C o n tro l (unc tions  
INH. L b t  and MHL are random ly 
connected  to GNO or VL Analog 
ou tp u ts  aro connected  lo  a I mA

load Data b its B1 • B14 and CB 
ou tpu t are co nnected  to 1 TTL load 
or left unconnected , depend ing  
on V,

Tfetfhgi synchro* (Rfcsollfir̂ t&DrslUE

A ll M odel 1014 converte rs  are 
guaranteed to meet the specifications 
d r tc n e e f}  m ih o  d.na siioet am 
conve rte rs  aro 100"* tested tor the ir 
spec ifica tio ns  (except lo r design 
param eters) at tho la c to ry  A copy o l 
the data sheet w ith  a record  of the 
accuracy  test is supplied w ith  oach unit.

F igure 16 shows a convenien t test 
se t-up  lo r ch eck ing  the static 
a ccuracy  o l tho converte r at 
in com in g  inspection . The 
synchro  (reso lver) inpu t is set to 
"les t ang les "  The o u tp u t is 
m o n ito re d  on a 6-d ig it num erica l 
readout and com pared  w ith  the 
standard  angles tor the ir accuracy

Equ ipm ent described in figu re  16 or 
equ iva lent may be used for testing. 
Synch.-o (R esolver) standard or 
s im u la to r used must have an 
a ccuracy  o l at least 5 tim es 
(p re fe rab ly  10 lim es) bettor than the 
un it under lest. II the required 
equ ipm ent is not available a rrange ­
m ents may be mado w ith  Natel lo r 
sourco  inspec tion  at our fac ilities

sy nc h m o  incsOLVl'Mi 
s ta n d a rd  
Ct.lttSCM 
MODEL OCnS'lO

ac souncE
HOLT MODEL et?

oc p o w e r
SUPPLIES

s i 01

S? 0?

S3 03

(S4) 04

BS
RH B6

A l B7

UNIT 66

UNOER B9
TEST 610

Hr,01014 B1(HH01014)
012

vl B13

GNO BI4

~ r

n a t u r a l  b in a r y  
ANGLE TO S-OIGIT
numerical
READOUT
1000 000 lo  359 999)

FIGURE 16 Static Accuracy T««t Configuration
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As i  n anoa rd  practice i l l  Natel hybrid synchro  
converters ire  manufactured m accordance  w ith  Ihe 
re q u irem en t! ol M IL-STD-883B m ethod 1008 A ll active 
sem iconductors and in lograted Circuit Chips arc IOOS 
e lectrica lly  probed at ihe vendor Ail passive com ponents 
used are established re liab ility  (ER| typ« in com ing  
inspection  is per method 2010 o l M IL-STD-883B 
In add ition. Natel may pertorm  sample tests at incom ing  
inspection to verily device perform ance A h ybrid  
assemDiy / lest How chart t j  shown in lig u re  I 7 Add itiona l 
tests may be performed lo assure long -te rm  perform ance 
of conveners

A il hybrid  synchro  converte rs  h iv e  a tra ceb ility  record 
fo  com ponent level on a lo t basis (lo t cons is ts  o f JO or 
le ts  converters) D u ring  m a n u fa c tu rin g  i l l  w o rk -in  
process and com ponents ir e  stored m co n tro lle d  
environm ent (dry b o *e s l AH assem bly and testing 
before seaimq is perfo rm ed  m a c lass >00 000 
Clean-room Each bondm g m a c h m e o p e ra to r i» 
evaluated i t  the start o f every 4 h ou r s h ill by perfo rm ing  
destructive  pu ll-test on  at least 10 w ires consis ting  of 
ch ip  to substrate bond, per paragraph  3 4 2 o l method 
5C08 Final e lectr ica l tests i r «  perfo rm ed  i t  room 
tem perature as well as m in im um  in d  m a n m um  
Operating tem peratures

^ 7  * Cl e a n  IF REOUIRED INSPECTION

FIGURE 17 Hybrid A sse m b ly /T e s l Flow Chart

HSD1014 - T F i A|
T »r-0*’4 'u '«

I
Af f „•», ,

« • ire*!)'.» ?v t: •<> • iv c .i • v c iu • u v  c
r, • *5) vc»♦. 'iK  ».< m,«,,i„

4 • 1*0 Hf to *flfX> 
A 4 / H| to • v »»•*»

• VI v-*m*r«i
• f i t  %<)• *• J*’.|

t p f c t f t  maoiom $ o n  n r» o iv (n  inpu t

. * -•••V • W ..I »»• • l*  • / ' * — *4 • V ——

A i ■ t t in d ir d  p n c t lc i,  all converter* ire  built In
accordance with th* r*q u lr*m *n tt of MIL-STD-883B,
Including 168 hour* ot actlv* burn-ln.

i i m i 'a u

• 16-bit microprocessor-compatible synchro/resoiver-to- 
digital converter, with 3 state output, operating from i  
single *5-V power supply (HSR01006)

• 16-bit microprocessor-compatible d iQ itil to synchro/ 
resolver converter with douoie buffered inputs and
1 arc-mmute ic c u n c y  (H05R2006)

• 14-bit dirjital-to-synchro/resolver converter that is 
pm-compalitiio with existing designs with transformation 
and anquiar accuracy improvement ot a factor of 2 to 4 
(HDSR2504)

• 10-bit synchro (resofvcr)-to'-digilal converters fhat are 
pm compatible with existing designs (HSD/HRD1510)

• 14/16-bit synchro (resolver) control transformer with
1 arc minute accuracy (HSCT/HRCT3006)--------10/81

0tm * l ty tx V > p ro d o ctoelf»M 8p b » 001g

A wide rango of applications assistance is available from Natel. Application Notes can be requested when available . . 
and Natcl's applications ongineors aro at your disposal lor specific problems

Natel E ng ine e ring  Co., Inc. 
8954 M ason Ave.
Canoga Park, CA 91306 (USA)

Natel H yb rid  D iv is ion  
21602 M anila  Ave. 
Cha tsw orth , CA 91311 (USA)

Phone: (213) 882-9620 •  TW X: 910-494-1959

Specifications tub|ect to change without notice.
Printed in USA Copyright •  1981 NATEL Engineering Co , Inc. H108 -10/81



□ a n a l o g
DEVICES

High-Speed 12-Bit 
Monolithic D/A Converters

AD565A*/AD566At
A t)5 6 )A  FUN CTIO N AL Bl.OCK DIAORA.M

AD566 A FUN CTIO N AL BLOCK D IAGRAM

f E A T U n E S
Jinglt Chip Construction 
Vary H»flh-Sp«»d S tilling  lo  1/2LSD 

A0565A: 2S0m max 
AD066A: 3S0nt max 

Full-Scala S¥»ltchirvB Tima: 30ns
Guarantaad for Operation w ith  112V Suppliai: A 05 6 6A  

with -12V Supply: AD680A 
Untw ltY  Cuar anla«d 0» tr T»mp»ratura:

1/2LSB max IK , T Gradas)
Monotonicity Gu»t»ni««d 0 *« r Tamparatur*
Low Powar: AD566A -  IBOmW max;

AD565A •  225mW max 
Uta with On Board High S tab ility  IWtaranc» (AD565A1 

of with E xtarnal Rafaranea (AD566A)
Low Coil

Q

FRODUCT DF.SCRIPTION
The AD565 A m il AD566A are fast 12 b it digital-to-analog 
converters which incorporate the latest advances in analog 
circuit driign to achieve high speedi at low co it.

The ADS65 A and AD566A use 12 precition. high-speed 
bipolar current-steering switches, contro l amplifier and > 
Usei-trimmed th in f ilm  resistor network to produce > very 
fn t ,  high accuracy analog output current The AD565A alio 
induces a buried tenet reference that features low-noise. 
long term lia b ility  and temperature d rift characieristics 
comparable to the belt diicrete reference diodes.

The combination o f performance and fle x ib ility  in the 
AD56JA and AD566A hai re iu lted from major innovation! 
in circuit deiign, an important new highspeed bipolar p ro ­
e m , ami continuing advance! in laier w ife r-trim in ing  tech­
niques (LWT). The A056SA and AD566A have a I0-90S  
full-scale tn m itio n  lime leu than JJns and settle to  w ith in  
11/21.511 in 2JOnt max 050ns fo r AD566A). Both are 
laser-trimmed at the wafer level to  H /8 LS B  typical linearity 
and are ipecilied to 1 1/4LSB max error (K  and T grades) at 
*25*C. High ipeed and accuracy make the AD56JA  and 
AD566A the ideal choice for high-ipecd display d riven  as 
well at fait analog-to-digital converters.

The laser trimming process which provides the excellent 
linearity il alio used to trim  both  the absolute value and the 
temp^trture coefficient of the reference o f the AD565A re­
sulting in a typical full-scale gain TC o f 10 ppm/ C. When 
tighter TC performance is required or when a system refer­
ence is available, the AD566A may be used w ith  an external 
re ference.

•Covrrtd by Parent Noa.i 3,803,390i RE J W I l i  4,21 l,W <i 
4,1)6,3491 4,020,46^1 3 ,74 7 ,0 6* .

AD565 A and AD566A are available in four performance 
grades. The J and K are specified for use over the 0 to 
♦ 70*C temperature range while the S and T grades ate 
specified for the -55*C  to »12}*C  range. A ll are packaged 
in a 24 pin, hermetically sealed, ceramic, dual-in-line package.

PRODUCT HIGHLIGHTS
1. The wide output compliance rang* o f the AD565A and 

ADJ66A are ideally suited for fast, low noise, accurate 
voltage output configurations w ithou t an output amplifier.

2. The devices incorporate a newly developed, fu lly  d iffe ren­
tia l, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stab ility first developed 
in the AD562/J w ith  very fast switching times and an o p ti­
mally-damped settling characteristic.

J. The devices also contain SiCr th in  film  application resistors 
which can be used w ith  an external op amp to provide a 
precision voltage output or as input resistors fo r a succes­
sive approximation A /D  converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for 
minim um full-scale and bipolar offset errors.

DIGITAL-TO-ANALOG CONVERTERS 2-63

SPECIFICATIONS 4 f t T  Yft e -f ISY. Vr, a -  15Y. unfeit oflttrwn*

M«mi l
AIMM AJ

V m  a i s m * '  <r,«. i ) to ; 41 ni «) Voit tMos
l*p*i Vtditff

B.» OS I Ktf H I '
Bn Ot I I IfM u

. os | . , h I

AIIU1A

S M S  U.rr,
s III | S M »*,•'

1 • I HI S | t ' |  SOM IM %•>!!% 
• ;>*<

S\ : i l  IS(. TIMI to  I ' l l  \B
M‘ All* OS *,» Ol I IM Ol I Kt i

t i l l  S< Al I 1HASSIIIOS 
H»S |n <Kf\ U li t  • Aim 1i 
•< *\ lu  |O X  O tlM  ft |wi » ,JJ

*io*oi i r > i. i u A m  11 r»

C

pr~ *c

JM K  AIIJUIH I Ml SIS 
Vcc. *M 4 IP .16 JV dc 

. • | | 4 t** • 16 1V *lc
l*IL> (»AIS SI.SM, | \  IT V* 
114 to «IA 5V dc 
11.4 10-16 JV dc ppm of I S / \  

ppm ol y S / \
KOI. A AMMABLI UL l i t  I 

AANCt (wt I if\jrrt 2. I. 4)

I X II MSAL AOjLSTMl SIS 
C..A I fro* *»nh Mird 50C1 

Artiitof foe R2 O ifutt 2)
Bipo!*/ Itro  Lrior **ich f-tard 

JOfl Actiiinr for A I U ifw t ))
Cun Ad/utTmcni H tr/r f h f j r t  2) iO 21 
Bipolar Zrrn Ad/uirmrnt Atnfr f O ff

in  i 

in o)

to 2) 

to n

»o t

to ot
to ; t  
?»» it

to 2t 

to I

\  of f s kvtft

\ 0f> S K LDft 
\  of f i  Atrtft 
\  of r  s k k rr

»I A I SCI. ISAtT 
l«p«l Imprdaocc n

HI H A I s e t OLTPtl 
Vollafc
Currrni (avulabU (of ratrmaj 

loadO1
row i.a dissipation
K n i t

4«i«J *f«U w« g^mt—004 Um 
' tW itiff pm  m m m m m  t< ^ ^ M n f e i t a M M t V c c  V ,f  W il tV A c

*t ftmi«| i
H,

M ifll M «> I If l •KiMM I
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AD565A/ AD5G6A
MODI L MIS

A r m *  A t
i>  p M U * IS

AOtOtAT 
n r MAS I SUN

D M A  i s p i t s ' ir.A« i )  | .» ; « i 
I I I  v» 1 Vult CMOS 

Irpwi V

H.t I I I  1 I f *  "
• t  t  
.0  t

• 2 o • t  t 
.0  • V

• IOC 
. 1 r*0

• i 
• n

.  IftO 
• ion * \

mi v#|| i t i n s

«»t 1 pi 1

» f ' f  ....... ........ ..M, *0 1

At
i i M%ii

I  '.it*
|.f><>l»»ll f\l** 1 * |  • 1^1 

• i f  lnH *« *

1 -  » t * , a 1 1

I

H m  

M

•2 4
M 2

•  Ot
0 1 t

• 1 *  
*0 1

1 t

1 •» 
• I ••

M

*• i i | 

21

• 2 4 
•1 2

0 Ot 
0 |

\

u

\  *4 1 N 0 »**!•
s  «* t  S ■ • 
r*

M l f  IWI • M *i 

l „ „  i..

» 1' 4
1U tj» % 1 
• i  ; 
........ / 1

t u i  
• 0 01 21 
I I  •
to  Ul •  1

11 • 
to  t» i | i  
? 1-4

t l ' 4  
(0 00*1
♦i ;
• o Ul 2i

ISO
S * < l  1 H»nf«
t  SB
V n l 1 S H i* f<

t i l l  1 I Ml S 11 SI *.IIV | IS I S H IS
• n ‘ r • t  ; 11 4 •1 4 t l ' 2 I^ B

I I  S<f| MA 11 HI M il  1 1 M I IS IS  
I * '1*  lK I | i * t l  R *ltt#*«f

( M.(t(ll|l / f i l l
*  r><iii /»»»*
t l l lA  l l  Mil t k l
O l ln iM i i l  S<iMii#wt'tit

i
t
n
)

2
10
10

1
t
to
2

1
10
I t

fp  f* 1 C. 
ppm'*C. 
p p m |C
ppm< c

M i l l  IS I. 11 Ml t o  1 ; i  sn
a ii o s  M in  t ih o i  i to o * 1)0 400 250 400 ni

1 l  l . l  Sc A1 1 IH ANSI HON
|U \  l i i  A  (Win f 'w i H .w Tiit'# 
•  ITS in | l ' \  D f ln  plot » *11 T.mt

i t
10

10
to

I t
10

10
50 M

I I  MM HAM  HI M S ( , |
( ) f f l | l l« l |  *15 
N liu i|«  -t*\

• 12 5
. m o

•55
-A5

• 125
• 150

•c
*c

fu m  R HI IJUM I M IN IS  
V, r . • !  1 4 in «|A IV  tic 
V, -H  4 * . , U  )V  d,

)
•12

5
• I I

1
•12

5
- I I

mA
mA

r u * i  h s ip p i .y (m i s  s i  n s i i i v i t  V*
S*cc •  *11 4 to *11 JV dt 
N»l •  - I I  4 to >14 JV dc

1
I t

10
25

J
15

10
25

ppm of f  S A  
ppm of F S \

n iU U tA M M A M l 1 O l  t n*T  
R A S t.l S l i f t  P ip it t !  2. 1. 41 0 t i l  • t  

• 2 1 iu  • :  t 
0 to I to  
*1 in  ♦$
>10 to *10

0 in  *5 
•2.5 lo  *2 5 
0 lo  • 10
•5 io  .5 
-10 to *10

S'
V
V
V
V

IX I I R N A l  A O J lS tM IN f J 
Curt f  froi »nh H ard  JOil

R ftitto t fin  R2 (F tfu r t 2)
Bipolar I t t o  l.fTOt With I t l f d  

50U R fim or lot R 1 (F ifu r t ))
C lio  Ad juitm rm  R ing* (Ftgxrt 2) to  25 
Bipolar I t t o  Atljw icmrni H*nf« tO 1 J

10 1 

to  o t

to  25 

to . 15
to  25 
to  15

to  1 

to  05

10.25 

to  |

\  o f F S R*nf f

% o f F S Rmgr 
X of F $ R*ngf 
% of F S R an jf

R IU R IN C E  INPUT
Input Imptdanct 1 5k 20k 25k 15k 20k 25k n

R lF t.K l.N C t. OUTPUT
Volt Aft 9. to

loadt)* 1.5

10 00 

2 5

10 10 ♦ to

1.9

10 00 

2 9

10.10 V

mA

P O * m  OISSIPAf ION 225 J45 225 )45 mw

iAo«*i M boldUtt m  tru*4 on t il preditrtiO* mam* •( 
Anil i l td fK i l  mm U m lii from tfiow m il  t r t  u itd to n r
fOt*| <|ŵ ir> lr**ti AH mi« *a4 mu ip«< ifW • t«on» »rt guMtntr*d. 
di>OM|t» onlj tho* iMa.R ia botJfut m irtirJ on Ul pfo4«nwn
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SPECIFICATIONS (T* ■ ♦ ?VTt V „ ■ -  15V. unln i crtheortso ip*af*d)

MODI' I MIN
ADt04AJ

TVP MAX MIN
ADI4AAR
TTP MAY UNITS

DATA INPUTS' I I  «« 24)
m  •» 5 V*lt CMOS

l» f« t V r f i ^ i
Bo 0*4 L«(« " I * • J 0 • 5 5 • 1 0 • t  1 V
Bo OP» InfM  -0 " 0 •4 1 0 •4 a V

l« f<  f« r t f» l  U m K k t )
00 OS l< ^ rt "1 “ • 120 • 100 • I H • loo *A
Bo O f f  L i^ k  "O" •15 • 100 • I I • 100 l»A

B l M»ll*TM>N 12 11 Rot

O l T K T

1 t i  W« o«) • 1 1 •2 0 •1 4 • 1 1 •1 I • f  4 mA
0>f«4*« 1*1 W il mm m #<0 10 1 t l  0 t l . J to 1 I I  0 l l  2 «•» A

P iM U M it U k W h o  ml i fM
Ik Ik 10% Ik OR 1 OR n

0 * * 1
I ( *4/m* I»k4# to

in n  fr» t  f » n  M 001 0 05 001 0 01 % o( f  t  R
B fM a* 11 ^ 1  4 R | Md

0 , • IU I  fi«»dl 0 01 0 11 0 o l 0 1 S #4 P S R
21 11 P»

• ■ ~ f  » - •  % W -i^
^  T ^ 1 1 •10 • 1 1 • HI v

Al 1 \ 1 At > i im «  r | i| i i> | ••
u o  *.0*1 «2t*C t l  >4 11/1 t i t 1 04 t SB

io  r«tt) (0 O il) to (*>h to ooot S W M R
T -*  *• M ' l t l '4 • 1 *4 • O l 1 SO

• o o i Ji 19 Oil! 10 •0 •  1 11 \ O S I
f * 1 f M  o | S tIA L  S O S IIS I AHI1 Y

• 1 •* C t i l t l '4 114 • O l is o
T ^ .  i . MONOTt^NlCTTY ( i l ’A l A H I I D M O N O trx m it t  (.VARAN! 11 D

T| M U  R ATI 01 C O lfM C IIH T S
l» f W «  f i t * 1 1 1 1 P * ~ 'c
B f ^ w  / o t 5 10 5 10 n " S  c
Cm*  I f  • !  ti*W  1 1 10 1 5 r r ~ 'C
t M l tn * i i i l  M»nl»«»«>n»T 2 1 f p - * C

t l  T i t  ISC TIMI TO I/2LSB
ah o o io s  t * o r r  w o n  m o v i r ^ n  11 210 110 210 110 M

1 I 'L l  SC A i l  1 R ASSIT ION
1 (A  ta PO\ D*Uy p4«i R T r«v» I I 10 I t 10 m
t V \  in H A  (M n  pitft 1 til 1 im« 10 10 10 10 •»

PO«l R R iq i 'IR I  Ml STS
V#t . *11 4 to -1* tV  dr •12 • I I •11 • I I m A

POMLfc SIT PL V CAIN SI SSlTlS 'ITY'
V | |  •  . | |  4 to *10.IV  dc 11 11 11 11 CC* nl f  S A

PHOCH A M M A IL I 0L IP U T
RANG! Iw t 1 f d ' f t  ). 4, t ) 0 to *1 0 to *1 V

•2 1 to *2 1 •1 1 to • !  1 V
0 to • 10 0 to • 10 V

• 10 in •10 •10 in *10 V

KTMSAL ADJUST M l SIS
( . t i *  Im x  • ir t i l i o d  JOG

Romim lm  R2 l l f u n  1) to I to  11 to I 10 11 S o O S R
B f d «  ttrm  tr tm  wifc t  tt*4

tO fl RmMrtf for R HP>fvr# 4) toot to 11 10 01 to.l S td S R
CM A itfm 0 >Af ( I  fM 'i  I ) »0 2t to 11 \ o f  PS R
B*f<dtr ttt%  A 4 fiifM A t Ria<i to I t 10 11 \< *t t S R

M f i m y . i  input
ln f« t |m f«4 tM t Ilk ;os in in 104 I lk n

R m fR  DISSIPATION 140 100 1*0 Joo n «

MULTIPLYING MOOI P IR lO R M AM .1 <AH M«* 
Qm
R rf tr tM t Va4««f«
Ain>iOf

f »»4t,
j i k t i o r r . i « u  i m  » io v  i f f | . » « • * * «  

**y lm  O IL S ! I f  f t  IrtJiJoowfM 
Ovtpvi J ln r  R m  IO%-*VX 

K A -IC A
Onifvi Wn1*t| Turn (all Wn «  m4 t 6- 10V

**rf Ik w y t Ml r*1t9*r*t v v h if t i____
CONTROL A M P L lfl lR  

f  «fl Po**wt Bftftdwtdtk
l U t i l l f M l  Q ow4 U M f • ** • ' *

T *«  I I I  O f o i iM  M t>*f*«»J l * f * t  (>»ly
• I v to * lov, u*»ruiw
10 !•<* n o  01 \  W * * 4 * f4  P I  J im  IV  4t M eltftm t Vmhtfi

40*l4j r> f  
1 mK/nt 
NA/m

i )»«•• o o i \  r.i.
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AD5G5A/AD5G6A
A D tM A i

* o o f  i  M l*  T Y f M A*  -

AD U 4AT *
MIN TYP MAR L'NITS

d a t a  in p u ts ' iPifw 11 io i * i
T U  w ) Vo<iC*01 

l»p«i Vu<ia|«
1.1 o s  io f«  - r  •  •» *
1.1 1)1 1 l< 1 *  0 '' •  * •  • 

L.^m m i l  b .ii
I ”  • | , °  • ,0*  

l . l  01 1 | .1 <  )  • "  • l<w

• I.#  * M
•  *< »

• 1 tv  • )00 
. | l  • lo#

V
V

oA
*j A

» I V J U I I t l>  11 11 t i l l

O U H !

L nif u lii 1 i l l  btl» ort 1 •  •> “  • '  * 
|* a I .H |I I  fe ll n» o. nffl " > •  >10

...........* "  “  io *
Oft if I

I'AiftoJtf (adfwitabU to
r * . . .  n  001

Bi»olaf | a^4
.  io n  r . . .< i 001 ,  l ’  

C lfM lll'M f ”
C<x*pli**4f Vnltafr

in Y mM - M  •"»

. | «  *10 -14
I I I  t t o  11.1 

4k n  tov

0 01 0 01

0.0) 4 1 
1}

. | $  .10

: :

n

%of r  s  r

% of f  S R 
P>

V

A< U mm» rrlau*# •«
I . I U . k i  *2$*C 11/4 , , / l

(ooo«) ( to u t  
* • '»  0 /4  
<0 011 >

l l / l  H '4  
(0 001) to o * * t
11*4 l | / l  
)0 U i4 l 10 0111

LS«
% *4 f  \  R
LSR
\  .1 M  R

D ll M Ml M IA I SU M  |S | AHIf >
. n \  t i n  n /4
U *  ••• M ONOIONKIt Y C U A R A N fM lI

t | /4  11/1 
MONO TON K 'tlY  GUAR ANTI 10

1 S 4

11 MM UAH HI 1DI I I  l( II SIN
l*r•f'olai /#«» 1 1 
H.r .-a, /,»« » ••  
Oa# l l  vll S< alf • * »•

1 1 
1 10 
1 1 
1 1

1
1

1

M II I IN G  !IM | 10 l / ! H i
All ltf»l>« In O II  o« O l ) loOS (> •» MO MO ISO MO . .

K I L  NCALI IHA.W IIION
10% u* (Vla» Tim* M 10 
* IM A  10% (Wl»» f*t«a kail T*m IO

I t  10 
to 10

fUVkl H A tl|t IHt M» HM
VM . *11 » l« *U  )V  J, * • ! • I I  - ! • •  A

ro « iR  s u rn v  g a is  i t  s v in v t n 1 
v», . *1 1 « io * u  »v j< •> l>  ____ 11 11 n m of 1 % %

fH lK.H AM M All.l O l ' l f l ' l
»AN(.f la## f • #m**» 1. *. >1 0 ,a **

• 1 ) • - • ) )  
0 lu • HI 
•$ ».» • )
• l«»li. • I**

•  to *1
• 1 1 io .1 1 
O io *10
• 1 io  .1 
>10 lo * 10

V
V
V
V
V

tX llH S A l A tlJ t 'M  ' \ l  S I >
(.lir> I tm t  •HK )•«»•! to ll

Rftailnf R i l l  i|v»# I)  * °  » l f , » 
IqmUf I t fO Iffo * w ih  Ita H

)0(| tm i io i  fo i R t () <f*t* 4) »0 0 l  H . I f  
Gaift Adfwiimffil R (Pifwrt I)  »0 2J

10 1 »o.li 

to o l *0.1
to 11
to  11

\  of 1 S R

% of P S R 
% of P S R 
% of P S R

Rl 11 Rl NCI. INPUT
I'fo t Mk ,lA Mk I l k  101 21k n

K M I R DISSIPATION *R° 100 tto  too mW

Q

MULTIPLYING MODI PI RIORMANCI <AB M<*»«)*> 
QwaJfaMt 
Utltr tMi  V rfia ft 
AlCWINjr
fttfm iwa f itd iM M fh  (MKtfoUi moJ«, 

ill b t|«O II. 1*1 I •« o o v  Ip f l  . H M » M  
frtqwfiwy fn* |/1LS» l|*fl ff«*lth»iA/|l*>

Ovtpwi *Wo It lN  |0%*»0%
KrX-10%

Ovtpwl S«t(tK»| Timf ( til km  o« • 0 -  10V 
i i f *  cka*ft in rtf»»Tf** I

CONTROL A M fL t t l l  R 
P»ll Po**f
W all O o *J  lm i« H »nd*id iH_____

T«o(2> R i^ a i Opr ration at Oigitftl lnp«t Only 
• IV  to MOV. Unipolw
10 Bi(a ( 1 0.01% ol Rr4»cr4 F.S.) for IV  4c A cfrttnc t Volta**

40V Ha tyf 
SmÂ a

t .Sm* <0 0.01% P.s.

feat tWtirvai a 
fow*f w-

lr4 Ml ad pro4vrlM>« «• * ( M «
cM« m* »a»4 ta «ikv ltw  am> a» «  
r< iTw iiw i  in  (mwimn^,

%om *X*~« hi *+*41 * *  a
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ABSO LU TE M A X IM U M  RATING S

. . . OV lo ♦ IIV  

. . . OV la -  I IV  

. . -  JV to ♦ IJV

-  I OV to • 7 OV 
.................  t  IJV
.....................  J IJV
.................  :  IJV
................. lJ « V

. . Indefinite Sfwrt to Po»rt Ground 
M o m fli i i t r  Shoo lo V rc 

Power D m ip« i> oo .............................................................. lOOOra'*'

TIN DESIG N A TIO N S

V rc to Power G ro u n d .....................
V | |  to Power Ground (AD565A) . 
Voltage on DAC Output (Pin 9) . 
Digital Inpu t! (Pin* 13 lo J4) to

Pawn Ground ............................
Ref in to Reference Ground . . . . 
Bipolar 0 (r« t  lo Reference Ground 
10V Span R to Reference Ground . 
20V Sp*n R lo Reference Ground . 
Ref out (AD565A)

* c  ( T

MC [ T

v e t  ( T

•  t » o u t  i * ia v  i  i \ l  [ T "  

M I I « I N C I  GNO [ T  

H t l fA I N C «  IN [ j T

•V|| ( T

lirOlAA Of rn  T IN [ T  

DAC out I )«A I » I [ jT  

tov I f  AN A 

?0V IRAN a Q T  

K W I A GNO C 3

AD565A

ID IN (MSA) N e d • h n  t 
l O i N t i m n ID * , 1 IN IWSftl

3 IN - E ID  " ;  in

ID IN n i r i M t x i  o n o  [ T 77].. ) IN

Ti~| IN
K u r  iu m m in o  f —

AJNCTION 1___ 3 - 4 IN

ID IN m  11 n i  N c r  v  m i in  d ID  * ' 1 IN

ID IN
• V , ,  . n v  in  r—

i j o - A i  LL AD5G6A
IO »  v h  * I D " I  IN

ID IN I l f O l  AH oritcr H IN p ~ !*«»« IO 44*iOl 3 " 1 IN

ID IN **c Cl E i "
1 IN

ID IN 0 * C  O O t ( JmA t  t  | [ T « ] « I  IN

ID 0 IN to v  V A N  A Q 7 ID " IS IN

ID 1 IN to v  i r  AN A Q T ^ . i 11 IN

ID }  IN USA) POWIA GNO QT ID- 1} IN IlS S I

ADS4SA O RDERING  G U ID E

Model

AD5&5AJD BIN 
AD565AKD B IN  
AD565ASD BIN' 
A D 5 65 A T D B IN

Package
O ption* Temp. Range

Ceramic (D J 4 ) Oio ♦ 70*C
O ram ic(D -24) Oio * ?0*C
Ceramic (D-24) -  55*Cio *  125*C
Ceramic (D-24) -  55*010 1 125*0

Linearity 
Error Ma«
<h 2VC 

i  I '21 .SB 
i  I/4I.SB 
I  I '21.SB 
i  W4LSB

M a i Gain T .C . 
(ppm of F.S./"C) 

50 
20 

W 
15

*Sr« W i m  14 fat p « o u l U / w  ^ ifo rn u lv * .

ADSMA O RDERING  G U ID E

Linr arity
Package Error Mai M u Gain T.C.

Model Option* Temp. Rang* ft ♦ 25*C (ppm of F.S./*C)
AD566AJD/BIN Cerjmic(D-24) Oio ♦ yo'C i  K21.SB 10
AD566AKD-BIN Ceram ic (D-24) Oio ♦ 7trc I  1/4 USB 3
AD566ASD.BIN Cerimic (D-24) -  55*Cto ♦ 1 J5‘C X  I/2LSB 10
AD566ATD/BIN Or»mic(D-24) -  5S*Cto ♦ 1 J5*C ♦ I/4LSB 3

■ "  ’ «S<e Sectioa 14 for p K U fe  o u ilin t ia/ormauo*.
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Applyi ng  the  A D 5 6 5 A / A D 5 6 6 A
GROUNDING HULKS
1 he AD565A and ADS66A bring out separate reference and 
po*er ground» to allow optimum connections for low noise 
and high-speed performance. These grounds should be tied 
together at one point, usually the deuce power ground I he 
separate ground returns are prosided to  minim ize current 
flow m low lesel signal paths. In this wav. logic return 
currents are not summed into the same return path w ith 
analog signals.

CONNECTING THF. AD363A FOR BUFFERED VOLTAGE 
OUTPUT
The standard current-to voltage conversion connections using 
in operational amplifier are shown here w ith  the preferred trim* 
mmg techniques. If a low offset operational amplifier (A I )5 10L, 
ADS I 71.. AD741L. ADJO IAI.. AD OP 0?) is used, excellent 
performance can be obtained in many situations w ithou t tr im ­
ming (an op amp with less than 0 JmV m u  offset voltage 
should be used to Keep offset errors below 1/21.SB). If a SOU 
fixed resistor is substituted for the JOOU trim mer, unipolar 
zero w ill typically he w ithin 1 1 /2LSB (plus op amp offset), 
and fu ll scale accuracy w ill be withm 0 IX (0.23% max). 
Substituting a SOU resistor for the lOOf) bipolar offset tr im ­
mer w ill give a bipolar zero error t>pically withm *21.SB 
(0.05S).
The AU$09 is recommended for Injffered voltage output appli­
cations which require a settling time to  11/2LSH of one m icro­
second. The feedback capacitor is shown with the optimum 
value fo r each application, this capacitor is required to compen­
sate for the 23 picofarad DAC output capacitance.

FIGURE I. UNIPOLAR CONFIGURATION 
This configuration will proviile a unipolar 0 to ♦ 10 volt output 
range. In this mode, the bipolar terminal, pm fl, should be 
gruumlcil if not used for trimming

S U P  I . . .7 E H 0  ADJUST
Turn all bits OFF and adjust zero trim m er H I, u n til the out* 
put reads 0.000 volts ( 11.SB • 2 44mV). In most cases this trim  
is hot needed, but pin 8 should then be connected to pin 12. 

5TP.P II . . . GAIN ADJUST
lu in  all bits OS' jnd adjust lDoU gain trim m er R2. until the 
output is 9 'M t%  soils (Fu ll scats* is adjusted to II.SB less than 
nominal full scale of 10.000 volts ) I f  a 10.2175V fu ll scale it 
desired (exactly 2 SmV/bit), insert a 120U resistor in series 
with the gam resistor at pin 10 to the op amp output.

FIGURE 2. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
• S 000 to  *4.9976 volts, w ith positive fu ll scale occurring w ith 
all bits ON (all I's).
STEP I . ..OFFSET ADJUST
Turn O FF i l l  bits. Adjust 100U trim m er R 1 to give -3.000 
volts output.

STEP II . . .G A IN  ADJUST
Turn O N All bits. Adjust 10011 gain trim m er R2 to give a 
reading of ♦ 4.9976 volts.

Please note that it is not necessary to tr im  the op amp td ob­
tain fu l l accuracy at room temperature. In most bipolar situa* 
tions. an op amp trim is unnecessary unless the untnmmcd off* 
set d r if t  of the op amp is excessive.

IIG l'R C  ) 01)11 R VOLT A(#F RANGES 
Thf AD 3 6 3A can also be easily configured for a unipolar 0 to 
• 3 *o lt range or 12 3 soJt and ! 10 so li Upolar ranges bs using 
the additional 3K application resistor provided at the 20 suit 
span K terminal, pm 11 1 or a J suit span »0 to  *3 or ?2 3». 
the two 3W resistoet are uved m parallel bs shorting pin I 1 fo 
pm 9 and connecting p»n 10 to the op amp o u tp jt  and the 
bipolar offset either to ground for unipolar or to K f t O l 1 
for the bipolar range ►or the 110 % ol t r ar je 120 »o!r spam 
use the 3V resistors m series b> connecting onls pm 1 1 to the 
op amp output and the bipolar offset connected as th o *n  
The i  10 voit option is shown m 1 igure I

F iy u r i 1. 0  to  + 1 0 V  U n ip o ls r  V o ltsg # O u tp u t

i -

F igure  2. l5 V  d ip o l j r  V o lt tg t  O u tp u t
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CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT
The ttandard currentto-vnltagc ennvemon connectioni uting 
an operational amplifier are thown he ft w ith the preferred 
trim ming technique! If t  low o ffte t operational amplifier 
(A D JIO L. A D 517L. A D 7 4 IL . A D JO IA L , AD OP4>7) i lu ic d ,  
excellent performance c»n be obtained in many a itu it io n i 
w ithou t trim ming ( in  op »mp w ith  le u  lh»n 0.5mV m ix  o ff•
K t voltage thould be uted to keep o ffte t error, below I/2LSB).
I f  i  SOD fixed m i i t o r  it u ib tlitu ie d  for the 100U trimmer, 
u n ip o lir ic ro  w ill t y p k i l ly  be w ith in  11/2I.SB (p lu i op im p 
o ffte t) . ind  fu ll K ile  ic c u ric y  w ill be w ith in  0.1X (0.25% 
m u ) .  S ub ititu ting  .  5 0 ft re titto t for the 10011 b ip o lir off- 
tet tnmmer w ill give t  b ip o li/  tero  error ry p ic .lly  w ith in  
12LSB (0.05%).
The AD509 it recommended (or buffered voltage-output ap­
p lica tion! which require .  tc tllin g  time to 11/2LSB of one 
microtecond. The fccdb.ck capacitor i» »hown w ith  the op­
tim um  value for each applications th i l capacitor i.  required to 
compentite for the 25 picofarad OAC output capacitance.

FIGURE 4. UNIPOLAR CO NFIGURATION 
Thtt configuration w ill piovirle a unipolar 0 lo  • 10 vo ll output 
range. In th il mode, the bipolar term inal, pin 7, thould be 
grounded if  not uted for trim ming.

STEP I . . . ZERO ADJUST
Turn all b it iO F F  and adju it i f r o  trim m er, R I .  until the output 
fta d t 0 000 volt* (IL S B  •  2.44mV) In mo»t c a t«  th it turn 
it not needed, but pin 7 thnuld then be connected to  pin I 2. 

STEP II . . .  G AIN ADJUST
Tum  all b itt ON and adjutt 100 ft gam trim mer, R2. until the 
output II 9 9976 volt*. (F u ll Kale i l  adjutted to ll.S B  lett than 
nominal fu ll K a le  o f 10 000 volt*.) If > 10 2J75V lu ll tcale it 
detired (exactly 2 .S m W bit). m tcrt a 120ft re tn to r in tenet 
w ith the gain re m to r at pin 10 to  the op amp output.

F ICUR ES. BIPOLAR CO NFIGURATION 
T h il configuration w ill p rov id t a bipolar output vo lttgc from 
-5 000 to *4 9976 v o lt i, w ith  pontive fu ll tcale occurring w ith 
all b u t ON (all I ' l ) .

STEP I . . . OFFSET ADJUST
Turn OFF all b in . A d ju it 100 ft trim m er R l to give -5.000 
output volts.

STEP It . . .  G A IN  ADJUST
Turn ON all b in . A d ju it 100ft gain trim mer R2 to  give > 
reading o f *4.9976 vo lti.

Hleate note that it i l  not neceuary to  trim  the op amp to ob­
tain fu ll accuracy i t  room temperature. In m m t bipolar iitua- 
tiont. an op im p  trim  it  unnece ttiry  unle tt the untnmmcd off- 
vet d rift of the op »mp it exceitive.

FIGURE 6. OTHER VOLTAG E RANGES 
The AD566A can i l to  be c m ly  configured for i  u n ip o lir 0 to 
♦ 5 volt range or *2.5 volt and 110 vo ll bipolar ranget by utmg 
the additional 5k application ic t it io r  provided at the 20 volt 
tpan R term inal, pm 11. For i  5 volt ip in  (0 to »5V or 12.5 V), 
the two 5k rc t i i to r t  u t  utcd in p in l le l by iho rting  pin 11 to 
pin 9 and connecting pin 10 to the op im p  output ind  the bi- 
p o lir  o ffte i re titto r either to  ground for u n ip o lir or to VR tp

for the bipolar rang* For the 1 10 volt range (20 volt tpan) uie 
the 5k r r t i t t iH l in try connecting only pin I I  to the op 
im p output ind  the bipolar of(»et connected i t  ihown. The 
110 volt option it thown In Figure 6.
M C I I At IftM f ANAlOU Ol/trUT

M i l  t . . * » i  » - ~ 7  (Mt*< t —ry ‘

ooooooooooo. .l. ltV lW  Tift
O l t l l l l t l l l l  * U  WJ# - t i l l  I . t . - I L S I  - M - I I J .
1 (1 0 0 0 0 0 .0 0 0 0  ' l » | l l  - I *
) | ,  m i l l  I I I  . H - I L t l  .  » .»  J . . I .  . |L 4 »  i n o - I U I

r#W# /. O y llt l Input Codrt

. r X l ' —
* . T  m 2 h r r t H

i r ^ V -  i p ' j s  n  u . r

F ifv rt 4. 0 to * 10V Unipolir Volt+f* Oulput

F ifu n  S. 1 10 V V o lt*ft Output
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f
f  i n t e T 8755A/8755A-2

l J / l

8755A/8755A-2 
16,384-BIT EPROM WITH I/O

Tab l* 1. Pin D a tcrlp llon

■ 2 General Purpose 8-Blt I/O Pori*

■ Each I/O Port Line Individually 
Programmable a t Input or Output

■ Multiplexed Address and Data But

■ 40-Pln DIP

■ 2048 Words x 8 Bits

■ Single + 5V Powor Supply (Vcc)

■ Directly Compatible with 8085A 
and 8088 Microprocessors

■ U.V. Erasable and Eloctrlcally 
Reprogrammable

■ Internal Address Latch

Tht Intal* 8755A It  an a r tta b la  and a lactrlcally raprogtam m abla ROM (EPROM) and I 'O  chip lo  ba m o d  In tha eOdSA 
tnd 8008 m lc ro p ro c a tto r ty tta m a . Tha EPROM portion ia o rgan iiad  a t  2048 w o rd t by 8 bita tt h a t  a ma«imum 
tc c e t t  lim a o l 450 n t to parmit u ta  with no wait a ta ta* In an 6085A CPU.

Tht I/O  portion c o n t lt la  o l 2 ganaral purpo ta  I /O  p o r lt .  Each t / 0  port h a t 6 port lin a t, and aach I /O  port Ima It 
Individually programmable a t  Input or output.

Tht 876S A 2  la a high apaad ta lac ta d  varalon o l tha 875SA compatib le w ith tha 5 M H i 8086A-J and tha lu ll tpaad  S 
Mm 8008.

, w  7 D S *
C '. t ■ » J '* !

1 M J " .
« n i » r • 1* 3 ' S

S o C 1 X I " .
» i» o *  t 1 n ^ < i ,

« - o t 1 M J " .
* s » t •  l l J ” .
* 6 1 I  l l

KW t <t l i t i i /  I i

» U C 11 10 r s
* ° . t I I  n 3 'S

* » .c t j  i* O '* .

“ » d i t  »* o ' * .
« . C i» » V * |

* ° .  t : i i  r

* °« C i l  I* ] ’ S

« . C i i  l l
* ° . c i l  l l I S

S.C- n  I ' J S

•  y mbot Typa Nam* and Function

A l t 1 Addraaa Laich (nab la : Whan A odra tt 
la tc h  Enabia go#t A/pA. AOo-y, 0X 4 . 
A f«. to, C E j, and CTi aniaf tha *<*dra#a 
latch## Tha t ig n a lt (AO. >&Vt. A ^ . , 0 
CC) ara latchad m at tha tra iling k I q*  of 
A l l

AOg.y 1 • ld lr# c tl# n # l Addr#at/O ata tu a : Th* 
km #r •  bus of th# PROM or I/O #ddr##« 
a*a appiiad to tha b u t ima# whan AIE  la 
high

O uri*g an WO cycl#. Port A or 6 #r# 
*# i*c t*d  baaad on tha latchad vaiua of 
AO* IF AO o* K^A »# low whan tha latched 
O -p  (n *o **«  ara act*v*. rh# output bvf- 
• t n  prwaant data on tha tx»t

1

j

Add»aa#: Tha#a a/a tha h»gh o 'dM  b*» 
o* Ih# PROM addfaaa Thay do not ahact 
VO opa«ationa

p p o a d f ,
C €i

Chip I  a *64 a Inpu tt: t f j  i t  activa km  
and CCj *  actrva h*gh Th# 67S&A ta n  b# 
acc*# t*d  onbf whan both Chip Enafcia# 
ara activ# at t t *  lim a tha ALE a*g*al 
latchaa tham up. If a ilhar Chip Enabia 
in p u t I t  no t actlva . tha  AO0 . r  in(J 
WCAOY Outputt^wM b# In a high Imp#- 
danca atata CE, H al»o uaad aa a pro­
g ram m ing  pm . (Saa ta c t io n  on 
progrtm m ing  )

Kxfi 1 I/O Mamory: If tha latchad 10*M »a high 
«rh#n AO t t  lo«r, th# output data com## 
from an I/O port. If It I t  low tha output 
d tta  com at from tha PROM

1 ftaad: If th# tatch#d Chip Enabl## ara 
activa whan MO go#* low. th# AO^.^ 
Output bu ff# rt ar# #nablad and o u tp jt  
aithar th# aal«ct#d PftOM location ot I'O 
port Wh#n both HO and lOM ara high, 
th# AOo - ? output buMaf* ar* 3 t!o tcd

i&w 1 I/O Wrlta: If tha latch#d Chip (nabta# ar# 
•cttv#. a low on lOW ca u ta t th# output 
port pointad to by tha latchad valua of 
AOq to ba wrirtarvwith tha data on AD©- t  
Tha tta fa  of K>M i t  igrvxad

CLK 1 Clock: Tha C lK  i t  u tad  to fotca tha 
REAOY Into Ht high impadanca Mala 
aftar It haa baan forcad low by CEt kr+, 
C £ | high, and ALE h ^h .

Nama and Function v

REAOY 0 Raadv i t  a > -tttta  Outpu t controllad by 
C l j  C r , .  ALE and CLK. REAOY I t  forcad 
km  whan tha Ch*p Enabiat ara actova 
d u r in g  tha t.ma A l t  It  high, and ram t in t  
low until |h# rttin g  adga of tha na*t CLK. 
(5Ua f igur# 6 )

PA©-? io P#rt A; Th### #/# g#n#ral purpo t#  I/O 
p4nt Thalr Input/Output diractton I t  d»> 
l#rm«n#d by tha con tan lt of Oata Olr#c- 
Hon Rag>«tar (OOR) Port A i t  ta l#ctad for 
wnta operation! whan tha Chip Enabiat 
#r# actir# and lC«^ i t  low and a 0 wat 
p##v4oualy laic had from AO^. AOi 

Raad 0{>«ratio^ »t talactad by aithar fOA 
k>w and a c t C h i p  Enabiat and AOo 
a<vj AOt km  (y»OW high. AO lew act »▼# 
Ch.p f  n#Nat. arvj Af\^ #/>d AOi k m

10 Part ■: Th»« ganaral purpota 10  port it  
idan tica l to P ori A a tca p t that it i t  
ta»ac tad by a t latchad from AOq and t  0 
Irom AO|

RESET I R #t# t: in normal oparatio*. an input 
high o« R f SE T ca u ta t ait p in t in Port* A 
tn d  0 to tt tu m a  input moda (da#r DOR 
ragittar)

kJA 1 I/O R a td : Whan th# Chip Enabiat ara 
activa. a low on io R  w ill ou tput tha 
ta i#ct#d I'O port onto th# AO b u t faA 
low p#rform t th# tam# function aa tha 
combination of IO.M high and fiO low 
Wh#n lOR i t  hot utad m a ty ttam . »6r 
thou ld  ba tiad to V ^c f   ̂ ’)•

vcc Powar: ♦ 5 volt tuppiy

Vfin Ground: Rafaraoca t

v 00 Powar tu p p ly : Vpo *• • programming 
voltaoa *ng llĈ .tg.Ycc 
I H  ftiV /A  j  ^amg '1 * £

For program m ing, a h igh vo itaga I t  
tuppUad with V[>o * typ'Cfti (Saa 
tac tion  on programming )

Figure 2. Pin C onfigura tion
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8755A/8755A-2

FU N C T IO N A L  D E S C R IP T IO N  

PROM Section
Th» 8755A contain* an A-bit a d d re tt  latch which a llo w l II
10 in u r la c *  d lrtc tly  lo  MCS-48. MCS-85 and IAPX 88/10 
Microcomputer* w ithout additional hardware

The PROM »action o l the chip n  addressed by the 1 t-b it 
a d d ra it  and CE. Th# addrati. and C E j lalched 
Into  th# addreti ta tch e i on th# ta iling  edge ol ALE II the 
latched Chip Enable! a it ic tive  end 10/M It low when f t f i  
g o e t low, lh« co n te nd  ol the PROM location add re tied  
by th« latched e d d re il f t  pul out on Ihe AD^.y 
(provided thit V po  II  tied 10 V ^ c  )

I /O  Section
The I/O teclion o l lh« chip n  a dd re ited  by Ihe letched 
value ol ADo-i. Two 8 bit 0*1* D irection R e g ile r i ,OORi 
in 8755A fle ierm ir* the inpu l/ou lpu t t ta iu t  Ol each pm 
in Ihe corresponding pom A "O' in I  particular bit p o ti- 
t.on o l a DDR t ig n i l ’d  th it the corresponding I/O port bit
11 in th* inpul m od* A "1" m * particular bit pon tion  ngn i- 
l ie i  th i t  lh* corrnpondm g I/O  port bit i» in th* outpul 
mod# In thu manner th# I/O port# o l th# 8755A * i *  bM -by 
bit programmable »• m p u ll Of ou tput! Th# Ubl# 
tu m m a r ii i t  port and DDR de tigna tion  ODR • cannot b* 
r# id

ADt A Do Selection

0 0 Port A
0 1 P ori B
1 0 P ori A Dila D irection Regnter 'DDR Ai
1 t Port B Data D irection Regnler iDDR Bi

When IOW go«» lo w  *nd the C hip  Enabiet ar* »Ctiv«. th* 
data on th* AD I* written Into I/O  port telected by th* 
la tched value ol A O o-i During Ih l i  operation *11 I/O  b i l l
o l the selected p o rt are aftectod. regardlest ol their I/O 
mode and ihe s ln le  ol 10/M The actual output level doe t 
not change until IOW returni h igh, ig liich  tree o utputi 

A port can b# read out when Ihe latchcd Chip Enabtei  are 
active and eilher RD goei low w ith  10/M high, o f IOR g oe i 
tow Both Input end output mode bin ot * le lecled  port 
w ill appear on lin e *  AOo-r,
To clarity the lu nc tion  ot the I/O  P ort! »nd Data D irection 
Rogisteri. the to llow lng diagram ih o w i Ihe conliguration 
of one bit ol PORT A and DDR A. The la m * logic appiie* 
to PORT B and DDR B.

DM V  W  * • WOO* •

■  I I  M i l  N  I  M l I I U K I  H » *

Mole that hardware RESET Of writing a i# ro  10 th# DDR 
latch will cauM  th# Output latch a output b u ll# f to tx  
d itab led. pr#v#ntmg th# data in th# Output Latch Irom 
being p a tted  through lo th# pin Thit i t  equivalent to 
putting th* port in th * input mod* Not* a lio  that th * data 
can be written to th* O utput Latch *v#n though th# Output 
Oullgr hat teen  ditabl#d. Th it enable! a port to be mi- 
tia lned w ith *  value prior to enabling th# output.
The diagram a lto  Ih o w i that th# contentt ot PORT A and 
PORT 0 can be read even when the p o rtt a r* configured 
a t output*.

TABLE 1. I755A PROGRAMMING MODULE CROSS 
REFERENCE ______________

MODULE NAME USE WITH

UPP 955 UPP|4|
UPP UP2i?> UPP 855
PROMPT 975 PROMPT 80/85.3)
PROMPT 475 PROMPT 48' 11

NOTES:
1 Detcnbed on p. 13-34 a4 1978 D#ta Catalog.
2 . Specol adaptor tochet
3 Deecnbed on p 13-39 ol 1978 Data Catalog
4. Detcnbed on p 13-71 ol 1978 Dau CaUlog.
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ERASURE CHARACTERISTICS
T>>« e rature  cha rac te n ttic t o l th# 8755A ar# tuch  that 
#ratu># begm t to occur when e«posed to light with 
* i  r« i*n g !h i tho rte r than apprommately 4000 A ng tiro m t 
|A It tho u 'd  be noted that tun ligh t and certain typo i of 
ftuO 'eKent lam pt ha»# wav«l*nglh» In th# 3000-4000A 
fi"%g* O il*  thow  that constant e«posure to room Itvel 
fiu O '*K e n i ligh ting could era ie  lh# typical 8755A in 
approum aleiy 3 y # ir t  whil# il would lake app ro p ria te ly  I 

to cam # * i t iu '#  when exposed to direct tun ligh t 
it th# 8 755A i t  to t#  e ip o te d  to these lyp e t o l lighting 
Cond't'Ont for e»i«nded p#nodt o ' time, opaque labe it 
a'# a>a>iab'# from lnt#i which thou id  be placed ov#r lh# 
|?S1 w indow to pr#v#nt unintentional erature 
Th# recommended # r* iu f*  proc#dur* for th *  8755A i t  
* ip o tu r#  to thortwave ultraviolet light which hat a wave­
length of 2537 A n g itro m t ' Ai. The integrated dote  i e , 
UV in le n tity  X e ip o tu re  tim # i lo r #rature thou id  be a 
minimum of ISW -tec/cm l. Th# erature tlm# with thu  
dotage It approalmalaly 1S to 20 m inutet u tlng  an ultra- 
noiet tamp with a 12000»W/cmJ power rating Th# 
I75SA thou id  be placed w ithin on# inch Irom the lamp 
tubet during erature Some lam pt have a tille r on their 
tubei and th u  tille r thou id  be removed bofore erasure.

PROGRAMMING
Initially, and alter each erasure, all b i l l  o l tho EPROM 
portion! ot the 8755A are in Ihe T  tta le . in form alion i t  
Introduced by to lective ly programming "O'- Into the 
denred bit locations A programmed "O'- can only be 
Changed to a "1" by UV erasure

The 8755A can be programmed on the In te l* Universal 
PROM Programmer (U PP \ and the PROMPT'" 80/85 and 
PROMPT-48-* design aids The appropriate programming 
modules and adapters tor use In programming both 
8755A't and 8755't are ihown In Tablo 1.
Th* program modo Itself consists of programming a 
tingle address at a lime, giving a slnnlo 50 msoc pulso 
tor every addiess Generally, it is desirablo to have a 
venly cycle aftor a program cycle for th* same addross 
at ihow n in tho attached lim ing diagram In the verify 
cycle H e . normal memory read cyclQ' 'Vqq' should 
be al + 5V

Preliminary lim ing  diagrams ond paramotor values per­
taining lo  lha 8755A programming operation aro con­
tained In Figure 7.

SYSTEM APPLICATIONS
Syatam Intarlaco with B085A and 8088
A i>-r.*m i/voq 8755A c*n in# rfr ie r on# of tr< two I/O 
In lrrlac#  techniques

• Standaid I/O

• Memory M a rt’* ' !  I O

II ■ H a n d l'd  I /O  Itchm qu#  i l  u i#d . lh# a y tlem  can u l*  
lh#  l* * tu r *  of both CE) *nd tE  |. By u tm g a combination 
of u n u itd  a d d r t ia  l in # t A ., . , ,  and lh *  Chip Enabl# 
inpul a. lh *  80S 5 A ty t l# m c a n u i* u p lo S # a c h f l7 S 5 A 'a  
without raquirmg a CE d#cod#f S#« Figur# 2a and ?b. 

If a memory mipped I/O appm*ch n mod 9 *  8755A will b# 
telectnd by the combination of both Ihe Ch.p Fnafcies and 
10/M using Ihe A D i- is  add re n  fm et S«# Figur# I

Figure 3. 8755A In 8085A System 
(M em ory-Mapped I/O)
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IAPX 88 FIVE CHIP SYSTEM

Flgur* 4 thowt a five chip tyitem  containing:

• 1.25K Bytes RAM
• 2K Byle* ROM
• 38 I/O Pint
• 1 Interval Timer
• 2 Interrupt Level*

V 0x0 
MANUAl

OHO * l ‘ "

Flgur* 4. IAPX 68 Flv» Chip System Configuration 
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8755A/8755A-2

ABSOLUTE MAXIMUM RATINGS*

Temperatureunder B '* i  ..................  . 0 'C \n '1 0 'C
Storage Temperature ..........................  - f t l ’ C to • '5 0 'C
Voll.ige on Any Pm

With Reipect loG ro im d  .............................0 5 V t o ‘ 7V
Power O u jip ilio n  .................................. .....................  1 iw

•NOTICE. S ir99 f t  atHjve fho ie  l u l ld  u n d f  ' A b to lu t*  
W ln fflu ff l R it in g t"  m iy  c a u l*  p * 'm in » n t Oamepe to me 
device 7hi| 11 I  l t r » i t  n tm g  only in d  Ivn c t'O n ii o p * '! -  
tl on o l t l *  tfevic •  I t  Ihe ie  <y m y  other co nd ifio n i i b o r i  
t fto t*  m d 'C ttK ) m me o p * ' i i '0 na/ aec/>oni o ' ipec/Zt- 
e ihon  I i  not Implt+d f r p c iu 'e  fo i b t o 'u t *  m u imum 
n tln q  cond’l io n i lo r iit» n a » d  p e 'ro tf l m ty  i t t t c t  d m ce 
M obility .

D.C. CHARACTERISTICS (Ta -  ox to 70*. v c c  -  v D0 -  sv t  s v  
VCC *  v 00 -  sv  i  ION lOf 8755A2)

SYMtlOl PAHAM f TIM MIN MAX UNITS TCST CONDITIONS

V|t  | Input Lour VoltJ»* -0 s OS V v cc • i  OV

V|h I Input M ijh VoltJ7« JO Vcc *0 5 V v cc -  S 0V

Output Low Voltage 0 45 V •o l  * ?rTVV

Mom Output High Voltage 7 4 V Iqm * ■ 400mA

>.L Input L»ak.ag« 10 (iA VSS *  V|N *  v c c

'lo Output laaka?* Currtn t 1 10 pA VSS< 0 45V «  Vq u t  < Vc c

>cc Vcc Supply Current 180 mA

' dd Vqo Supply Current 30 mA VOD “  VCC
C|N Capacltanc* ol Input Bu ller 10 pF <C ”  1/*Hl
c i,t> I CapaciUnce ot I/O D uller 15 pF tC •  1pHt

D.C. CHARACTERISTICS — PROGRAMMING (Ta -  0’ Cto70*, v cc  -  sv * s v  v ss -  ov. v D0 - 25V * 1V;
v cc  •  VD0 -  SV ;t0 %  (or 87SSA-2)
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Installation and Service Manual

BDS3-208 AND BDS3-230 SERIES 
Brushless Motor Controller

M-8507 ISSUE 8

NOTICE:

Upon receipt of the amplifier, closely inspect the components to ensure that no 
damage has occurred in shipment. If damage has occurred, notify the appropriate 
carrier at once.

CAUTION:

Dangerous voltages exist in this equipment. Do not attempt 
connecting or probing in this equipment with power on.

Should any question arise regarding any step outlined in this manual please 
call the factory.

"Proprietary information of Industrial Drives Division of Kolimorgen Corporation 
furnished for customer use only. No other uses are authorized without written 
permission of Industrial Drives Division."

This product may be covered by one or more of the following U.S. Patents: 4447771, 
4479078. 4490661 other (including foreign) patents pending.

INDUSTRIAL 
DRIVES

A
KOLLM ORGEN

DIVISION
Radford. Virginia 24141 

(703) 639-2495
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PREFACE
This Installation and Service Manual is a general document and 

is applicable to the entire BDS3 series product line. However, since 
these motor controllers are interfaced with motors of varying sizes 
having different operating characteristics such as internal 
resistance, inductance, rotor inertia, etc., the complete model 
number of these amplifiers will vary more or less with the motors 
they are made compatible with. Thus, after the BDS3 and a particular 
motor are connected together to form a complete Velocity Loop, the 
model number applied to the BDS3 nameplate may be understood to be 
the basic model number for the Velocity Loop; consisting of (1) BDS3, 
(2) PSR3, (3) motor, and (4) transformer. However, the PSR3 Main Bus 
power supply, the motor, and the transformer; will have nameplates 
bearing their specific Model Numbers.

The Test Limits and Modification Sheet (TL) is a specific 
document and is applicable only to individual systems. The TL Sheet 
contains such information as maximum operating speed, peak current 
limits, and the component compensation values which make the 
amplifier motor combination compatible. The compensation components 
are located on the compensation board. (See Figure 12) In addition, 
the microprocessor program will change from motor to motor. The 
proper microprocessor is also indicated by the TL Sheet. (See Figure
11)

With exception to the Comp Board, Microprocessor and continuous 
current rating, the brushless BDS3 motor controllers are identical. 
Options may be added by way of option board OPT 1, 0PT2, 0PT3, etc. 
Versatility can be enhanced by the addition of various o p t i o n b o a r d s .



MODEL NUMBER SCHEME

Example: BDS3-208/20-01-100-4 501AXX
A B C D E

BDS3 - ......................Brushless Drive Sine Wave Controller
A - 208, 230 ............... Output L-L RMS Voltage
B -  12,20,30,40,55 ..........Output RMS Current per Phase, Continous
C - ............... .Mechanical Configuration

01 ............... .Standard, Fan Cooled, 4” Module
2 1 ......................Standard Fan Cooled, 6 " Module (55 A.)

D - ............... Option
100  No Option
101  Same As 100 W/Opt 2 Card
102  Same as 100 W/Opt 3 Card
105 ....................Same as 100 W/Spindle Orient Card
123 ................... Same as 100 W/Opt 8 Card
200  With Pigtail Harness and Bus Bars
201  Same as 200 W/Opt 2 Card
202  Same as 200 W/Opt 3 Card
203  Same as 201 W/14 Bit R/D Converter
204  Same as 201 W/10 Bit R/D Converter
205  Same as 200 W/Spindle Orient Card
206  Same as 205 but W/10-Bit R/D Converter

207  Same as 200 W/14 Bit R/D Converter
208  Same as 200 W/OPT5 Card
209  Same as 200 W/OPT6 Card
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210  Same as 200 W/Notch Filter
211  Same as 201 W/Notch Filter
212  Same as 202 W/Notch Filter
21 3  ...Same as 203 W/Notch Filter
2 1 5 ................... ...Same as 210 W/Spindle Orient

Interface Card
22 1  ...Same as 200 W/OPT 7 Card
222  ...Same as 200 W/10 Bit R/D Converter
223  ...Same as 200 W/OPT 8 Card
224  ...Same as 200 W/OPT 9 Card
225  ...Same as 200 W/OPT 10 Card
229  ...Same as 200 W/OPT 6-01 Card

E - ............... ...Motor Compensation
NOTE:
ALL BDS3 MODELS REQUIRE A PSR3-208/25,50, or 75 POWER 8 UPPLY. 
-100 MODELS REQUIRE A BUS BAR AND CONNECTOR KIT, BDS3C-XXX.
THE KIT IS CONFIGURED TO HAVE THE POWER SUPPLY LOCATED TO 
THE RIGHT OF THE CONTROLLER(S) . A BDS3C-001 WOULD BE USED FOR 
A SINGLE AXIS SYSTEM; -002 FOR A TWO AXIS SYSTEM; ETC.
MOTOR CABLE ASSEMBLY B-82098 AND RESOLVER CABLE ASSEMBLY B-82 09 6 
ARE AVAILABLE IN 10* INCREMENTAL LENGTHS BUT MUST BE ORDERED 
SEPARATELY IF REQUIRED.
B82095 - SAME AS B82098 BUT WITH TWO EXTRA WIRES FOR THERMOSTAT. 
B82097 - SAME AS B82096 BUT WITH TWO EXTRA WIRES FOR TACH.

Use Connector Kit BDS3-001 for a single axis system? 
BDS3-002 for a two axes system, etc.

A 12-Bit R/D Converter (Refer to Figure 11) is shipped in 
standard BDS3 motor controllers. Optional 10 and 14 Bit R/D units 
are available for providing position loop feedback information. 
R/D units other than the standard 12-Bit unit are identified in the 
BDS3 complete model number. (Refer to the model number breakdown
scheme).



MODEL NUMBER SCHEME

Example: P S R 3-208/50-01-002
A B C D

P S R 3 .........................  Power Supply with Regen for BDS
and ACS Systems

A - 208, 230 ...........  Amplifier (L-L) RMS Voltage When
Using This Power Supply

B - 25, 50, 75 ......... A.C. Line Current, RMS*
C - ........... Mechanical Configuration

01   Standard, Fan Cooled (4” Module)
2 1 .......................Standard, Fan Cooled (6 M Module) 75 A.

D - ..............Regen Capability
002  ...Regen, 7.5 Ohms, 300W (4” Module)
003   . . Remote Regen Resistor, (4M Module)
005 ................... ...Regen, 15 Ohms, 150W (4" Module)
201 Thru 206 ......... Remote Regen Resistor (6 M Module)

Refer to Drawing C-82260

NOTE: -003 MODEL REQUIRES PSR3-EXT/RES-202, REGEN RESISTOR KIT,
4.5 OHMS, 600W MAX. (COOLING DEPENDENT)

-2 01 THRU -2 0 6 MODELS REQUIRE ONE OF THE FOLLOWING REGEN 
RESISTOR KITS:

-201 PSR3-EXT/RES-2 01 (6 . 8 OHMS, 300W) O/L RELAY A-35026;HEATER-K-93034
-202 PSR3-EXT/RES-202 (4.5 OHMS, 600W) O/L RELAY A-35026;HEATER-K-93040
-203 PSR3-EXT/RES-203 (3.2 OHMS, 900W) O/L RELAY A-35026?HEATER-K-93043
-205 PSR3-EXT/RES-2 0 5 (2.31 OHMS,1500W) O/L RELAY A-35026;HEATER-K-93047
-206 PSR3-EXT/RES-206 (2.55 QHMS,2000W) O/L RELAY A-35026;HEATER-K-93049

*The PSR3 supply capability is the product of 208vac or 230vac 3 
x RMS (L-L) current per phase.



Industrial Drives' BDS3 product lines are 3-phase sinewave 
brushless motor controllers. They are fully regenerative 
four-quadrant bi-directional velocity loop amplifiers 
designed to be used with Industrial Drives high 
performance permanent magnet brushless motors.
The I.D. brushless motors feature the latest in permanent 
magnet technology; utilizing high energy Samarium-Cobalt 
and Neodymium-Iron-Boron alloys. These brushless motors 
consist of permanent magnet rotors and three-phase Y 
stator windings. Being brushless motors, there are no 
commutators or associated brushes. These motors run as 
synchronous motors, meaning the rotor speed is the same as 
the speed (frequency) of the rotating stator magnetic 
field. A brushless resolver is utilized as the feedback 
device and is mounted internally as part of the overall 
motor construction. An integral brush tachometer is also 
available as an option.
An unregulated 300V DC bus for 208 Systems, 350V for
230 derived from full-wave rectification of a three- 
phase 208 AC line by the PSR3 Power Supply unit, is used 
to power the BDS3 motor controller. A shunt regulator, or 
"regen" module located within the PSR3 unit, is used to 
prevent the bus from being "pumped up" during periods of 
regeneration.
Benefits resulting from the BDS3 and brushless motor 
construction are:
1. Lower rotor inertia permits higher acceleration rates.
2. The motor is thermally more efficient since all heat 

is generated in the stator windings which are located 
in the outside shell.

3. Higher speed operation and high peak horsepower are 
achieved. There is no commutation limit.

4. Smaller physical motor size for a given H.P. rating.
5. Higher reliability and less motor maintenance. There 

is no commutator or brushes.
6 . Smooth output torque.
7. The BDS3 sine-wave controller allows for a wider speed 

range because of the ability to electronically change 
the angle between the rotor flux and the stator 
flux . . . .commonly known as the "torque angle."*

*INDUSTRIAL DRIVES, DIVISION OF KOLLMORGEN CORPORATION PATENT 
NUMBERS 444771 AND 4490661
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8 . The BDS3 sine-wave controller has the capability to 
dynamically and adaptively change the torque angle as 
a function of speed and load, thus allowing the system 
to operate at the most efficient operating point.

1.1 Ratings
Input Power: 208 or 230 Volts RMS (L-L) 3 -phase (±10%);

115 Volts AC 1-phase Control Power

Output Power: PSR3 Power Supply DC Bus; 300 Volts DC Nominal, 
No load.
BDS3: at rated load; 200 
Volts RMS (L-L),
Nominal ±10%.

Continuous Current Intermittent Current
(Amps RMS/Phase) (5 sec. max., 30% duty cycle)

(Amps RMS/Phase)
12 20
20 35
30 53
40 70
55 96

NOTE: A MAXIMUM OP 6 AMPLIFIERS CAN BE DRIVEN BY A SINGLE 
POWER SUPPLY.

Ambient Operating Temperature: 0-55°C
Switching Frequency: 4Khz
Cooling: Fan, Convection (Cold Plate)
Options: Dynamic Braking, Regeneration (Power Dumping),

Directional Limits, Brushless Tach/Brush Tach, 
Current Foldback Protection, 12/14 Bit encoder 
output.

Weight BDS3 -------------------------- 20 lbs.
P S R 3 -------------------------- 21 lbs.

2.0 MOUNTING (Refer to the appropriate Outline and Dimension
drawings listed in the Table of Contents)

It is recommended that the BDS3 and the PSR3 units be 
mounted in their "up-right” (vertical) positions; with the 
PSR3 mounted to the right of the BDS3 units.
CAUTION: Particular attention should be given to the 

notes on the Outline and Dimension drawings for 
information concerning mounting details.
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3.0 WIRING (Refer to the notes on the appropriate System
Wiring Diagram listed in the Table of Contents)

IN ORDER TO ADHERE TO SUITABLE ENGINEERING PRACTICES, IT IS 
STRONGLY RECOMMENDED THE 115 VAC CIRCUIT BE CONNECTED IN A 
MANNER THAT THE 115 VAC IS APPLIED FIRST IN ORDER TO 
ACTIVATE THE CONTROL AND FAULT CIRCUITS BEFORE APPLYING 
THE MAIN BUS VOLTAGE.
REMOVE THE PLASTIC FRONT COVERS FROM THE BDS3 AND PSR3 BY 
REMOVING THE FOUR #4 SCREWS. (Refer to Figures 1 and 2)
There are several types of package configurations offered 
as options therefore, reference to the NOTES on the 
appropriate System Wiring Diagram will aid in correctly 
“wiring the system up."
The following precautions are also recommended:
1. Twist all AC leads to minimize electromagnetic 

emissions and "noise".
2. Avoid running signal leads in close proximity to power 

leads, armature leads, or other sources of 
electromagnetic noise.

3. Minimize lead lengths as much as practical.
4. Double-check all interface wiring. Carefully inspect 

all connections.
5. DO NOT USE MAIN CONTACTOR FOR CONTROL FUNCTIONS.

IMPORTANT: Motor, tachometer (optional) and resolver 
phasing are critical for proper operation.

The method of connecting the motor is accomplished either 
one of two ways:
(1) By way of a connector; where the leads of the three 

phase motor stator are brought out to pins A, B, and 
C of the motor connector. Pin D is normally grounded 
at the BDS3. However, it may be grounded at the main 
ground point.
Simply wire pins A, B, C of the motor connector to 
the points of the power terminal block, mounted at 
the top of the BDS3 chassis, identified MA , M0, and 
Mr . (Refer to the System Wiring Diagram and Figures 
7 and 8 )

(2) By way of flying leads; where the leads of the three 
phase motor stator are color coded and are available directly out of the motor.
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Notice the information on the System Wiring Diagram 
referring to the correct method of wiring the motor 
stator. The BROWN, GREEN, and ORANGE leads should be 
connected to the points identified as M*, MB, and Mc 
respectively on the power terminal block, mounted at 
the top of the BDS3 chassis. Connect the 
GREEN/YELLOW lead to the ground point of the same 
terminal block. (Refer to the System Wiring Diagram 
and Figures 7 & 8 )
The three phase 208 input power, from the secondary 
of the three phase transformer, (Refer to Drawing A- 
M80421) should be brought through a customer supplied 
circuit breaker and connected to points identified as 
La , Lb, and Lc on the power terminal block mounted at 
the top of the PSR3 chassis. The system is not AC 
line phase sensitive (Refer to the System Wiring 
Diagram and Figures 9 and 10). Connect the 3 00V DC 
output, the 115V AC, and the regeneration circuit 
from the PSR3 to the BDS3 with the strapping bars and 
the small 115V AC and Regen cable.
CAUTION: Check to insure that the small cable is 
connected to the correct pins and that it is not 
offset to one side. (Refer to the System Wiring 
Diagram and Figures 3 and 4)
To access the 115V AC control terminal block within 
the PSR3, remove the plastic front cover by removing 
the four No. 4 screws. (Refer to Figures 1, 2, 9 and 
10)
To access the control terminal strips to wire the 
BDS3, remove the plastic front cover by removing the 
four No.4 screws. (Refer to Figures 1,2,5,and 6 ) do 
the following:

1. It is recommended the signal wires be brought into 
the BDS3 from the bottom in order to keep them 
segregated from the power wires entering at the top 
of the unit. The wiring should be neatly dressed in 
order not to interfere with remounting the plastic 
front cover.

2. Unplug the 10 and 20 point terminal strips (97 and 
210) from their connectors on the BDS3-Motor Control 
Board. (The board on the right-hand side) This will 
prevent over flexing the board when wiring up the 
connectors.

3. After removing the two terminal strips, wire them per 
the appropriate System Wiring Diagram. (Refer to 
Section 3.2)
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4. Neatly dress the wire cable in a way that it will 
not interfere with securing the plastic front cover. 
Signal cables should be dressed separately. Not with 
the AC or power wiring.

5. Leave sufficient length in the wiring to allow the 
Motor Control Board to slide out enough to expose 
the small Compensation Board (Refer to Figures 5, 6 , 
and 12). Insert the wired terminal strips back on to 
their connectors.

CAUTION: Tho motor thermostat is an AUTOMATIC r e s e t t i n g 
device and should be connected into a latched (LOCKED-OUT) 
power down type circuit,
CAUTION: The Motor Overload relay (customer furnished) 
is set to the AUTOMATIC MODE, should be used in a latched 
power down type ci: it,

3.1 Grounding Scheme (Refer to the appropriate System Wiring
Diagram)

It is important that the motor be grounded at the BDS3 
motor terminal block as shown on the Wiring Diagram or at 
the main ground point. Connect shielded cables at one end 
only. Butt the other end.

3.2 Signal Inputs and Modes of Operation
The following descriptions are given to help the user 
decide what inputs and modes of operation to incorporate 
into the overall system and to identify the appropriate 
connecting points of connector 210. (Refer to Figures 5 
and 6 )
The Drive-Uo contact closure (internally) is provided at 
Pins 1 and 2 and may be utilized one of two ways:
1) When jumper J3 is removed and J20 is installed on the 

ACS3-COMP1 Board, an internal contact will close when 
the Remote Inhibit circuit is closed (is pulled low) 
indicating to the "outside world" that the BDS3 is in 
the Drive-Up Mode. The intenral contact will open 
when the Remote Inhibit input circuit is opened (goes 
high) indicating that the BDS3 is in the Inhibit Mode.
In the event that a fault occurs within the BDS3, as 
may be indicated by an illuminated red LED, the 
internal contact will remain open regardless of the 
state of the Remote Inhibit input circuit.

2) When J3 is installed on the ACS3-COMP1 Board, an O.K. 
to Enable function is introduced to the Drive-Up Mode 
of operation. When J20 is removed, J3 is installed, 
the Remote Inhibit circuit is open (is high), and
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there are no fault LED's illuminated, the internal 
contact will remain closed indicating that the BDS3 is
O.K. to enable. The Remote Inhibit circuit may then 
be pulled low to enable the BDS3. Otherwise, the 
internal contact will remain open indicating that the 
BDS3 is in a fault mode.
The Drive-Up contact is reated at 115VAC at 2 amps.

The Sum 1 and Sum 2 inputs, at Pins 4 and 5, are auxiliary 
inputs. These inputs are normally used in conjunction 
with various optional interfacing schemes; such as special 
situations requiring two BDS3 systems working together in 
an Antibacklash or any one of several other types of 
Master-Slave applications.
The V Error (Velocity Error Signal) is brought out at Pin
6 . This signal is the difference between the commanded 
speed and actual motor speed. The V Error output, like 
Sum 1 and Sum 2 above, is optional and generally needed 
when the BDS3 is used in master slave applications.
The Torcrue Hold mode allows the amplifier to be put into a 
low gain or torque mode by closing a contact or 
installing a jumper between either Sum 1 or Sum 2 and V 
Error.
The External Current Limit (when provided) may be 
utilized, when external control of motor torque is 
desired, by opening a contact between Pins 7 and 11 (D- 
common). Refer to the T.L. Sheet for reduced current 
limit value. Normal operation requires a contact closure 
or jumper between these two points.
The Remote Inhibit allows a means by which the BDS3 may be 
disabled without removing the main power. When a contact 
is closed between Pins 8 and 11 (D-common) the BDS3 will 
be put into the "Drive-Up" mode. Opening the contact will 
put the BDS3 into the "Inhibit" mode.
The A-Common points at Pin 9 and 10 are shield and signal 
commons. These points provide commons (returns) between 
external equipment (Numerical Controls etc.) and the BDS3.
The D-Common point at Pin 11 is utilized with the External 
Current Limit and Remote Inhibit modes of operation.
The I Offset, (an option) at Pin 13 is an input provided 
for injecting voltage levels into the BDS3 when used in 
antibacklash and other special types of applications.
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The Input Reference Sjgnal (not to exceed ± 8 volts) is 
applied to the BDS3 at Pin 14 with respect to 15.
-12 Volts is available at Pin 17 and ±12 Volts is 
available at Pin 20 and may be used as a signal source for 
manual and semi-automatic machines. (Maximum available 
current is 1 2 ma from each supply).
The X Mon Current Monitor signal may be observed at Pin 
18. There is a direct relationship between this voltage 
and the actual motor currents. A D.C. voltmeter placed 
between Pins 18 and Pins 9 or 10 can serve as a means to 
monitor motor current.
The current scale factor at the Current Monitor test point 
above may be determined by the following chart:

BDS3 Continuous Current Amps RMS/D.C. Volt
(RMS/Phase) (per phase)
12 2.625
2 0 4.375
30 6.625
40 8.75
55 12.031

The Tach Out at Pin 19 is a signal which represents speed. 
A D. C. voltmeter placed between Pin 19 and Pins 9 or 10 
(calibrated in R.P.M.) can serve as a means by which 
speeds may be monitored. Refer to the T.L. sheet for the 
system, for the scale factor in volts/R.P.M. (8 volts = 
maximum rated motor speed)

4.0 PRELIMINARY CHECKS (Refer to the appropriate System Wiring
Diagram)

Once the BDS3 system has been installed and wired in, 
follow the Prelininarv Check-Out procedure to ensure 
proper operation before the Main Power is applied.

4.1 Checking the AC Input Voltage
Open the circuit breaker or remove the fuses in the 
secondary of the large 3 -phase isolation transformer.
Apply power. With an AC voltmeter, check the 3-phase 
secondary line-to-line voltage. The voltage should be 
approximately 208 volts RMS ±10%. Remove power. Close the 
circuit breaker or replace the fuses in the secondary of 
the large 3-phase isolation transformer.

4.2 Checking the PSR3 D. C. Output Voltage
DO NOT APPLY THE 115 VOLT AC. AppIv power to the large 3- 
phase transformer only..
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With a DC voltmeter, monitor the 300 volt DC bus bars at 
the bottom of the PSR3 and BDS3 units. The bus bar on 
the outside should be positive with respect to the inner 
bus bar.
The voltage from the PSR3 should be approximately +3 00 
volts DC. +10%. Remove power.

4.3 Checking the Brushless Motor Phasing
If the motor stator is wired according to the system 
Wiring Diagram, the phase sequence will automatically be 
correct.
Remove the motors* 3-phase stator connector from the 
motor. Check continuity between the pins of the motor 
stator connector and the terminal block of the BDS3 unit; 
as identified by the System Wiring Diagram. Note the 
color code of the stator wires in the flying lead series.

4.4 Checking the Brush Tach Phasing (When Used)
With a DC voltmeter (on a sensitive VDC scale), monitor 
input connector 210-19 with respect to 210-9. Have an 
assistant rotate the motor shaft C.W. The voltmeter 
should read positive. (Pin R on the motor connector should 
connect to Connector 210-19). Pin 5 on the motor 
connector should connect to Connector 210-9).

4.5 Checking the Resolver Phasing
If the resolver is wired according to the System Wiring 
Diagram, the resolver phase sequence will automatically be 
correct. Remove the motors' system resolver connector at 
the motor. Remove connector 97 from the BDS3 unit. (Refer 
to Figures 5 and 6 ). Check continuity between pins of the 
resolver connector and pins of connector 97 at the BDS3 
unit per the System Wiring Diagram.

5.0 CONNECTING THE INPUT SIGNAL SOURCE (N/C, C/N/C, ETC.)
CAUTIONS INCORRECT SERVO TO POSITION LOOP PHASING CAN 

CAUSE LARGE EXCURSION OSCILLATIONS OR RUNAWAYS.
Appropriate precautions should be taken to stop the 
machine if necessary. Slides, etc. should be moved a 
reasonable distance away from hard stops or motor drive 
belt removed, etc., before applying power.
Apply power, enable the BDS3. Observe the action of the 
machine. If it is determined that the direction of 
rotation of the motor is reversed (slide moves in the 
wrong direction, etc.) do the following:
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1. Remove all power. Remove the front cover from the 
BDS 3.

2. Slide the Motor Control Board out and remove the 
small Compensation Board. (Refer to Figures 5, 6 , and 
12)

3. Notice the NON-INVERTING and INVERTING jumpers 10 and
11. Only one of the two will be installed. (Refer to 
Drawing C-81506-1)

4. Remove the jumper installed. Add the jumper presently 
missing.

4. Replace the Compensation Board. Slide the Motor 
Control Board back into the amplifier chassis.

6 .0 ADJUSTMENTS
Remove power. Remove the front cover from the BDS3
chassis by removing the four no. 4 screws. The adjustment
pots are located on the front edge of the boards. (Refer 
to Figures 5, 6 , 7, 8 , 9, and 10)

6.1 ZERO Adjustment
For N/C or C/N/C machines:
If the "Following Error" is displayed by way of read-out,
simply adjust the Zero Pot 30 (located on the Compensation 
Board) for zero "Following Error" at zero speed.
Optional: Monitor "INPUT HI" with respect to "INPUT LO" 
at 14 and 15 (screw heads of terminal strip 151) with a DC 
voltmeter. Command zero speed from the N/C or C/N/C. 
Adjust the Zero Pot 3 0 for zero volts.
For Manually Operated Machines:
With the input signal at zero volts, simply adjust Pot 30 
for zero speed.

6.2 SPEED SCALE FACTOR Adjustment (With N/C or C/N/C)
If the "Following Error" is displayed by way of read-out, 
command an appropriate speed (preferably a slow feed rate) 
and adjust Pot 31 (located on the ACS3-COMP1 Board) for 
the proper amount of "Following Error".
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6.3 SPEED SCALE FACTOR Adjustment (Manually Operated Machines)
Turn the Speed Scale Factor Pot (31) fully CCW. Apply 
input signal level which equals desired motor speed in 
R.P.M.
Adjust Pot 31 CW until motor obtains desired speed in 
R.P.M. (Normally done with a manual input signal level).

6.4 GAIN Adjustment
In many cases, Pot 32 (located on the Compensation Board) 
will not need to be adjusted. However, if necessary, the 
Gain Pot can be used to improve the dynamic response of 
the servo loop. To increase the "AC Gain", monitor the 
internal "tach" signal at Terminal Strip 210-19 with 
respect to 210-9 with an oscilloscope. Turn Pot 32 fully 
CCW. Apply a step input command signal while accelerating 
and decelerating the motor at approximately 25% of maximum 
speed. Adjust the Gain Pot 32 CW and notice the tach 
signal response. Watch for indication of instability in 
the tach waveform. Turn Pot 3 2 CCW until the tendency to 
go unstable diminishes.
CAUTION: INCREASING THE GAIN TOO MUCH MAY CAUSE THE SYSTEM 

TO GO UNSTABLE.
6.5 RESOLVER EXCITATION Adjustment

If the resolver lead lengths are in excess of 100 ft., the 
Resolver Excitation Voltage adjustment may have to be 
adjusted. To make this adjustment, refer to Figures 5, 6 , 
and 11. Do the following:
(1) Inhibit the BDS3.

With an oscilloscope, monitor the sine functions at 
the resolver connector 97, terminal 1, with respect 
to 2 .
This signal will peak twice in one mechanical 
revolution of the motor.

(2) Have an assistant rotate the motor shaft manually 
until a maximum peak voltage is obtained. Adjust Pot 
24 for 2.8 Volts Peak as shown below:
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6 .6 . HALL EFEECT CURRENT SENSOR ZERO Adjustments
WARNING: DO NOT ADJUST THE CURRENT FEEDBACK GAIN POTS ON 

THE BASE DRIVE BOARD. POTS 50 AND 55 ARE FACTORY 
SET AND SEALED ADJUSTMENTS ONLY. IF ONE OF THESE 
SEALS IS EVER BROKEN, RETURN THE COMPLETE BDS3 
AMPLIFIER TO THE FACTORY FOR ALIGNMENT.

Inhibit the BDS3. With a D.C. voltmeter, monitor TP386 on 
the motor control board with respect to TP350 (Common). 
Adjust Pot 54 on the base drive board for 0 volts +10 mv. 
Monitor TP348 on the motor control board with respect to 
TP350 (Common). Adjust Pot 49 on the base drive board for
0 volts + 1 0  mv.

6.7 REGEN LEVEL Adjustment (Refer to Figures 9 and 10)
Inhibit the BDS3. For BDS3-208 Volt Amplifiers:
With a D.C. voltmeter, monitor TP22 on the Regen Board 
(BDS3-REG 1) within the PSR3 unit. Adjust Pot 17 for 8.20 
volts.
For BDS3-230 Volt Amplifiers With a D.C. voltmeter, 
monitor TP22 on the Regen Board (BDS3-REG 1) within the 
PSR3 unit. Adjust Pot 17 for 7.40 volts.

6 . 8  OVERVOLTS Adjustment (Refer to Figures 9 and 10)
Inhibit the BDS3. For BDS3-208 Volt Amplifiers:
With a D.C. voltmeter, monitor TP20 on the Regen Board 
(BDS3-REG 1) within the PSR3 unit. Adjust Pot 19 for 
6.15 volts.
For BDS3-230 Volt Amplifiers: With a D.C. voltmeter, 
monitor TP20 on the Regen Board (BDS3-REG 1) within the 
PSR3 unit. Adjust Pot 19 for 5.68 volts.

6.9 BDS3 SYSTEM RESOLVER ZERO
The BDS3 System Resolver Zero has been factory set and 
secured. The following procedure is given only in the 
event the resolver becomes misaligned during motor repair, 
etc. (Refer to Figures 15, 16, 17, and Page 36).
PLEASE USE CAUTION
-1 Remove Power
-2 Place a jumper between TP95 and TP96 on the ACS3-MC2 

Control Board.
-3 Place a jumper between Connector 210-4 and 6 .
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-5 Connect a digital DC voltmeter to TP219, with respect 
to common (TP348)•

- 6  Remove the screws vhich hold the end plate to the rear 
end bell of the motor. Remove the end plate. The 
shaft mounted frameless resolver should be in sight.

-7 The frameless resolver rotor is slid forward onto the 
motor shaft and secured by a large lock nut. This 
part of the resolver need not be disturbed unless it 
is to secure the lock nut. It does not matter where 
the resolver rotor is in respect to the motor shaft, 
just as long as it remains secure.

- 8  Apply power, but inhibit the BDS3 by opening the 
circuit at connector 210-8. Rotate the motor shaft 
C.W. by hand until the zeroing LED (Refer to Section
7.2 point 3) is on continuously.

—9 Enable the BDS3 by closing the circuit at connector 
210-8• Input a reference voltage until the DVM 
(connected to TP219) reads -l.5+100mv. The motor 
should be locked into one of the three low torque 
points located 1 2 0 mechanical degrees apart, around 
the motor stator. The ZEROING LED should still be on 
continuously (not blinking)• If the LED remains 
illuminated continuously, no further action is 
necessary. The system resolver is correctly set. 
Remove jumpers, DVM, and reconnect the motor lead. If 
blinking, please proceed.

-10 If the LED is blinking and the motor does not have an 
application resolver (Refer to Figures 15 and 16), 
continue to step 11. If the motor also has an 
application resolver (Refer to Figure 17, continue to 
Step 11, but keep in mind; this procedure is for the 
SYSTEM RESOLVER, not the APPLICATION RESOLVER.

-11 Loosen, but do not remove the two servo clamp screws 
holding the resolver stator secure and continue from 
Step 9, above. Rotate the resolver stator (outside 
portion). As the zero position is approached, the LED 
should blink increasingly faster. If this cannot be 
achieved, rotate the motor shaft to another one of the 
three ■'locked" positions (approximately 1 2 0  mechanical 
degrees) from where the motor shaft is at present. 
The LED should blink. Once again, adjust the resolver 
stator for a steady illuminated LED. Tighten the two 
servo clamp screws to secure the resolver stator.

Remove power. Remove the jumper between TP9 5 and TP9 6 on
the Kotor Control Board.
Remove the jumper between Connector 210-4 and 6 .

—4 Disconnect the A phase motor lead from the amplifier.
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Remove the DVH.
7.0 PSR3 POWER SUPPLY MODULE

PSR3 is available in three current ratings: 25,50, and 75 
amps. Each PSR3 incorporates control circuitry, that 
limits the D.C. bus voltage to a safe level during periods 
of regeneration. All units have this resistor internal to 
the module. (Refer to model breakdown scheme in the front 
of manual and Figures 9 and 10). For those units that 
require an external regen power ressistor, XX MUST ]££ 
INSURED THAT ITS INSTALLATION IS NOT CLOSE TO ANY FLAMMABLE 
MATERIALS.
PSR3-208-25
This model is available with an internal regen power 
resistor of 15 ohms, fused for 10 amps. There is no 
option for an external power resistor. (Refer to Drawing 
C-81543)
PSR3-208/50
This model is available with an internal regen power 
resistor of 7.5 ohms, (two 15 ohm res. in parallel) fused 
for 15 amps. There is an option for an external power 
resistor of 4.5 ohms, fused with 30 amps. (Refer to 
Drawing C-81543)
PSR3-208/75
This model is available with only an external regen power 
resistor. Protection for this circuit is accomplished by 
an internal thermal overload relay. THE CONTACT FROM THIS 
RELAY MUST BE WIRED IN SUCH A MANNER THAT THE THREE PHASE 
POWER TO THE PSR3 IS REMOVED IF AN OVERLOAD IS DETECTED. 
(Refer to the appropriate System Wiring Diagram and Drawing 
C-82182)

Reconnect the A phase motor load to the BDS3 •

8 .0 TROUBLESHOOTING HINTS
The BDS3 and PSR3 are designed to promote minimum down time 
situations. Due to the smaller package size, these units 
are to be replaced if they cease to function properly. 
Therefore, the best defense against down time is to keep on 
hand one or more complete spare BDS3 and PSR3 units. Since 
the EDS3 units are downward compatible (units of larger 
capacity may be used to replace units of smaller capacity), 
they are directly interchangeable provided:
1. The package dimensions are accommodating.
2. The Motor Control Card contains the proper 

microprocessor unit, per the TL Sheet.
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3. The Compensation (Personality) Card is matched with the motor.
Some recommended equipment for troubleshooting the BDS3 and 
PSR3:

(1) Adjustable signal source 0-+8V DC (small 9V DC 
battery with input reversing switch will do).

(2) Dual trace oscilloscope
(3) D.C. voltmeter

Before beginning the troubleshooting process, consider the 
following points:
I. There are five (5) distinct areas within which a fault 

may occur:
1. External Interface

(1 ) circuitry external to, but connecting to, the 
BDS3 and PSR3.

2. BDS3 Control Stage (Refer to Figures 5, 6 , 11, and
12) .
(1) ACS3-MC2, Motor Control Board, containing the 

following:
a. ACS3-Comp 1 (Compensation) Board

(Refer to TL Sheet)
b. 0PT1, 0PT2, 0PT3, 0PT4, OPT5, etc.(Refer

to Figures 13, 14, 15 and 16). 
0PT1 not shown in Figures)

c. Microprocessor Unit (Refer to TL Sheet)
d. R/D Converter Unit

3. BDS3 Power Stage (Refer to Figures 7 and 8 )
(1) Heat Sink, containing the following:

a. BDS3-BD1, Base Drive Board- Control Power 
Supplies

b. Fuse (115vac, 1 1/2 amp MDL) refer to 
parts list

c. Power Transistor Paks
d. Thermostat

4. PSR3 Control Stage (Refer to Figures 9 and 10)
(1) BDS3-Reg 1, Regeneration Board
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(1) Heat Sink, containing the following:
a. Power Transistor (Regeneration)
b. Resistive Load (Regeneration on Chassis)
c. Rectifier Paks (Main D.C. Bus)
d. Large Filter Capacitors (Main D.C. Bus)
e. Fuse 1 1/2 amp AGC (115V AC on Chassis) 

Refer to parts list
f. Fuse according to the following: 

PSR3-208/25—XX—005=10 amp 
PSR3-208/50-XX—003=30 amp

With external regen resistor.
PSR3-2 08/50-XX-002=15 amp

With internal regen resistor 
(Regeneration fuse, on chassis)
Refer to Parts List 

PSR3/75-XX-0verload relay with proper 
heater element (Refer to PSR3 
MODEL NUMBER SYSTEM in front of Manual)

II. There are only two basic fault characteristics to be
considered:
1. The motor exhibits very low torque or is totally 

inoperative.
2. The motor is erratic or exhibits an improper mode 

of operation.
8.1 The Motor Exhibits Very Low Torque or is Totally Inoperative

Prerequisites for motor movement:
1) All power must be present.
2) The BDS3 must be in the enable mode, as indicated 

by the Bar Graph DRIVE UP LED.(Refer to Figure 1)
3) A command signal(other than zero) must be present 

at the input of the BDS3.
4) The BDS3 and PSR3 must be wired correctly, per the 

appropriate System Wiring Diagram. Also, check the 
External Current Limit input circuit and confirm 
that it is pulled low (tied to common). If this 
input is not tied to common, the motor torque will 
be restricted to approximately one third of its 
peak rating. Refer to Section 3.2

5) Fault circuits must not be activated. Fault modes 
are identified by diagnostic bar-graph indicators. 
(Refer to Figure 1 and Section 7.2)

5. PSR3 Power Stage (Refer to Figures 9 and 10)

15



Five of the 10 LED INDICATORS are latched fault 
inodes. To reset any of the faults identified as a 
latched condition, by Section 7.2, simply remove 
the power, wait 60 seconds, then reapply it.

8.2 LED Status, Diagnostics Bar Graph
1. BUS FAULT (RED)
(a) The Main Bus should be 300V DC ±10% for BDS3-208 and 

325V DC ±10% for BDS3-230 units.
The LED will become illuminated if the Main D.C. 
Bus rises above 415V. The BDS3 will become latched 
in the inhibit mode. (May happen if the PSR3 unit 
does not have a BDS3-Reg 1 Board or if this board 
malfunctions) (Refer to Figures 9 and 10).

(b) This LED will also become illuminated if the Main 
Bus is insufficient or absent. See Figures 3 and 4.

(c) This LED will also become illuminated if the Regen 
Fuse blows. Usually means the Regeneration load 
resistor bank is insufficient.
This resistor load is utilized with a shunt 
regulator power transistor switch and BDS3-Reg 1 
Board located within the PSR3 unit. The circuit is 
used to prevent the Main Bus from being "pumped up" 
during deceleration periods by overhauling motor 
loads. (Refer to Figures 9, 10, and Drawing C- 
82260)

2. OVERSPEED (RED)
In the event the motor obtains an excessive speed, the 
OVERSPEED fault circuit will activate, latch the BDS3 in 
the inhibit mode, and the LED will become illuminated.

3. ZEROING (YELLOW)
This LED is not a fault indicator but, is used to help 
set the BDS3 system resolver zero point. (Refer to 
Section 6.9-8)

4. REMOTE INHIBIT (YELLOW)
This LED i s  not a fault indicator. When the LED is 
illuminated, it simply means the BDS3 is in the inhibit 
mode. This LED will always take the opposite state to 
that of the DRIVE UP LED when J20 is installed on the 
ACS3-C0MP1 Board.



5. DIRECTION (GREEN)
This LED is not a. fault indicator. It indicates 
direction of rotation of the motor shaft. It will be 
illuminated to indicate C.W., extinguished to indicate 
C.C.W.

6 . DRIVE UP (GREEN)
This LED is not a fault indicator. When the LED is 
illuminated, it simply means the BDS3 is in the enable 
mode. The LED will always take the opposite state to 
that of the REMOTE INHIBIT LED when J20 is installed on 
the ACS3-C0MP1 Board. There will be no motor movement 
until this LED becomes illumianted.

7. FOLDBACK (YELLOW)
When the LED becomes illuminated, it is an indication 
that the motor peak current is remaining at a high level 
too long or the duty cycle is too severe. In either 
case, the peak current will be reduced automatically to 
the continuous current rating of the BDS3 until the load 
demand is removed.

8 . POWER LOSS (YELLOW)
When the LED becomes illuminated, it is an indication 
that the +5 volt logic supply is not functioning 
properly, usually because the 115V AC has been 
momentarily interrupted. In this event, the BDS3 will 
become latched in the inhibit mode.

9. OVERTEMP (RED)
In the event the transistor power stage overheats a 
thermostat (mounted on the power stage heat sink) will 
open, the LED will become illuminated, and the BDS3 will 
become latched in the inhibit mode. (Refer to Figures 7 
and 8 )

10. OVERCURRENT (RED)
When this LED becomes illuminated, it indicates an 
overcurrent condition usually due to a shorted load 
(motor) or a shorted power transistor (BDS3). The BDS3 
will become latched in the inhibit mode. If this LED 
becomes illuminated, remove the power and disconnect the 
motor. Reapply power. If the BDS3 comes up without 
this LED becoming illuminated, suspect a faulty motor. 
If the BDS3 comes up with the LED illuminated, suspect a 
faulty BDS3 power stage.
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8.3 The Motor is Erratic or Exhibits an Improper Mode of 
Operation
Prerequisites for proper motor operation:
1) Proper grounding scheme. The motor ground wire should 

be grounded as shown by the appropriate System Wiring 
Diagram or grounded to the main ground point.

2) Motor armature leads must not be run in conduit or wire 
ducts with any signal carrying conductors.

3) The resolver leads and motor armature leads must be 
wired according to the appropriate System Wiring 
Diagram.

4) The tachometer leads (when used) must be connected so 
that a clock-wise turn of the motor shaft will produce a 
positive voltage at Connector 210-19 with respect to 
210-9.

5) The motor system resolver must be set at its zero point. 
(Refer to Section 6.9)

6 ) The motor should be loaded? otherwise, the system may 
become unstable.

9.0 OPTION BOARDS
Option boards are brought into existence from time to time 
to satisfy specific needs and to add versatility to the 
product.

9.1 ACS3-OPT2
The ACS3-OPT2 is an encoder board. The main function of 
this board is to convert the binary (motor shaft) position 
information from the R/D converter (mounted on the ACS3-MC2 
Board) into an encoder output format. An L.E.D. display of 
the signals is provided. (Refer to Drawing C-81991-1 and 
Figure 13)
Each BDS 3 Amplifier has a R/D (Resolver to Digital) 
converter mounted on its ACS3-MC2 Board. The R/D may be a
10, 12, or 14 Bit unit. The ACS3-MC2 Board works in 
conjunction with the R/D to generate the Encoder output 
lines. The Standard 100, 101, 200, 201, and 202 Series 
BDS3 Amplifiers have 12 Bit R/D units. Refer to the Model 
Number Scheme in the front of the manual to determine what 
R/D your BDS3 amplifier may have.



Also, there are two types of R/D units currently in use; the 
Open Housed unit and the Encapsulated unit. Refer to Chart 
1 for information concerning restrictions in motor speed in 
RPM for the two different types of R/D units. All jumpers 
and switches on the OPT2 Board have been previously set at 
the factory.
The ACS3-OPT2 Board in conjunction with the R/D unit 
generates two line quadrature channels of information with a 
third channel of marker pulses. The two line quadrature 
channel options are as follows:
1. With a 10-Bit R/D unit (mounted on the ACS3-MC2 Board) 

the ACS3-OPT2 converts 10 bits of R/D (Resolver to 
Digital) information into two 256 line quadrature 
channels.

2. With a 12-Bit R/D (configured as an 11-Bit unit) the 
ACS3-OPT2 converts 11 bits of R/D information into two 
512 line quadrature channels.

3. With a 12-Bit R/D (Standard) the ACS3-OPT2 converts 12 
bits of R/D information into two 1024 line quadrature 
channels.

4. With a 14-Bit R/D (configured as a 13-Bit unit) the 
ACS3-OPT2 converts 13 bits of R/D information into two 
2048 line quadrature channels.

5. With a 14-Bit R/D the ACS3-OPT2 converts 14 bits of R/D 
information into two 4096 line quadrature channels.

If you have ordered the ACS3-OPT2 Board option as a separate 
item to add to your BDS3 amplifier, please refer to Chart 1 
for information concerning the ACS3-OPT2 jumper and switch 
configurations.
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signal that represents the RMS phase current to the motor. 
The signal after entering the ACS3-OPT6 Board is normally 
scaled for +8.0 volts and represents the maximum RMS 
amplifier phase current at TP-40. However, this signal 
may be scaled over a limited range for an external load 
meter. To scale this signal for an external load meter, 
connect a DVM to TP-40. Adjust Pot 39, Load Meter Scaling 
for the desired value in amps/volt.

9.4.7 RAMP ADJUSTMENT
The Ramp circuit alters the speed reference signal. For a 
step input reference voltage, adjust Pot 71 fully counter 
clockwise for command signals of 1.525 seconds per volt or 
fully clockwise for 0.025 seconds per volt ramps. The 
adjustment range is linear between the extremes.

10.0 SPARE PARTS LIST
The BDS3 and PSR3 are designed to promote minimum down time 
situations. Their design features promote change out if 
they cease to function properly. Therefore, the best 
defense against down time is to keep on hand one or more 
complete spare BDS3 and PSR3 units.

BDS 3
Description I.D. Model Number

F65
Microprocessor 
R/D Converter
Compensation (Personality) Board 
Encoder Option Board (When Used) 
Thermostat

Motor Control Board 
Motor Control Board

BDS3-MC1 (Discontinued) 
ACS3-MC2
(Must have ACS3-MC2 micro to 
replace with BDS3-MC1)
1 1/2A. Slo-Blo 3AE 250V 

Refer to TL Sheet for System 
A-80994—002 
ACS3-Comp 1 
ACS3-OPT2 
A-80078

BDS3-208/12
Base Drive Board
Power Stage Transistor 50A/450V

BDS3-BD1—12 
A-80121
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BDS3—208/20
Base Drive Board 
Power Stage Transistor 75A/450V

BDS3-BD1-20
A-79957

Base Drive Board 
Power Stage Transistor

BDS3-208/30

100A/450V
BDS3—BD1—30 
A-80641

Base Drive Board 
Power Stage Transistor

BDS3-208/40

150A/450V
BDS3—BD1-40 
A-80504

Base Drive Board 
Power Stage Transistor

BDS3-208/55

150A/550V
BDS3-BD1-55
A-81707

PSR3
Regeneration Board 
Regeneration Resistor Load 

(Internal) 15 ohm 280W 
Regeneration Fuse 
Regeneration Power Transistor 

Module 100 amp.
F54 5 amp/250V

BDS3-REG 1 
A-81162 ** 
A-81080 
A-78896-013

** PSR3—208/25-XX-005 
PSR3-208/50-XX-002 
PSR3—208/50-XX-003 
PSR3—208/75—XX-XXX

1 0  amp 
15 amp 
30 amp 

(Overload relay/heater)

A-79787—001 
A-79787-002 
A-79787-005 
Refer to PSR3 
MODEL NUMBER 
SYSTEM in front 
of Manual
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FRONT
ACCESS

Strapping
Bars

115V AC 
and 

Regen 
Cable

+300V DC 
Main Bus

Regen
Fuse

115V AC 
Fuse (54)

300V DC 
Common

REAR
MOUNTING SURFACE

BDS3 - 12/20/30/40 AMP AND PSR3 - 25/50 AMP 
(BOTTOM VIEW)

FIGURE 3
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+300V DC 
Main Bus

300V DC 
Common

115V AC 
and 

Regen Cable

Strapping
Bars

FRONT
ACCESS 115V AC 

Fuse (54)

X / '
REAR

MOUNTING SURFACE

BDS3 - 55 AMP AND PSR3 - 75 AMP 
t (BOTTOM VIEW)
I FIGURE 4

PSR3
Fan



Name Plate

Resolver Voltage 
Adjustment Pot (24)

Connector 97
Resolver
Connections

Connector 210 
Signal Input 
Connections

ACS3-COMP1
Compensation
Board

Zero Pot (30)

Speed Scale Factor 
Pot (31)

Gain Pot (32)

Status 
Diagnostics 
Bar Graph

ACS3 - MC2 
Motor Control 
Board

BDS3 - 12/20/30/40 AMP (RIGHT SIDE) 
SHOWING ACS3 - MC2 

MOTOR CONTROL BOARD
F IG U R E  5
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Resolver Voltage 
Adjustm ent 

Pot (24)

Resolver Input 
Connector 97

Signal Input 
Connector 210

ACS3 - COMP 1 
Compensation 

Board

Zero Pot (30)

Speed Scale Factor 
(Pot) 31

Gam Pot (32)

Status 
D iagnostics 
Bar Graph

ACS3 - MC2 
Motor Control 

Board

Nameplate
Area

B D S 3  - 55 A M P  ( R I G H T  SIDE)  
SHOWING ACS3 - MC2 

M O T O R  C O N T R O L  B O A R D  
F IG U R E  6
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Power
Ground

Hall Effect 
Sensor Zero 
Adjustments 

(Pot 49)

(Pot 54)

Base 
Drive 
Board 

(BDS3 - BD1)

Name Plate

Output Power
Term inal Block

Heat
Sink

Power
Transistor

Paks

BDS3 - 12/20/30/40 AMP (LEFT SIDE) 
SHOWING POWER STAGE WITH 

BASE DRIVE BOARD 
B D S 3 - BD1 

F I G U R E  7
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Hall Effect 
Sensor Zero 
Adjustm ents 

(Pot 49)

(Pot 54)

Base 
Drive Board 

(BDS3 - BD1)

Name Plate

MB

Power
Ground O utput Power

Terminal Block

Heat Sink

Thermostat Power
Transistt 

Paks

BDS3 - 55 AMP (LEFT SIDE) 
SHOWING POWER STAGE WITH 

BASE DRIVE BOARD 
B D S 3- BD1 
FIGURE 8

35



115V AC 
Terminal- 

Block

115V AC . 
Fuse (54)

Regen 
Fuse '

Regen,
Level Adj.*
Pot (17)

Regen Led

Over volts 
Adj. Pot (19)

Regen Reset

Regen Board 
B D S 3 - RG1

Power
LC Ground Input Power

Term inal Block

.Heat Sink

Internal 
Regeneration 

Load Resistors

Regeneration 
Power 

Transistor Pak

Filter 
Capacitors

Power
•Rectifier

Paks

'1 = ^ :

PSR3 - 25/50 AMP 
POWER SUPPLY 

(LEFT SIDE) 
FIGURE 9
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115V AC 
Term inal 

Block

Regen
Overload

Reset

115V AC 
Fuse (54)

Regen Board 
B D S 3 - RG1

Regen 
Level Adj. 
Pot (17)

Regen 
Over volts Adj 

Pot (19)

Regen Reset

Power
Ground

External 
Regeneration 
Load Resistor 

Connecting Points

Filter
Capacitors

Heat Sink

Regeneration 
Power 

Transistor Pak

Power
Rectifier

Paks

Fan

Name Plate

PSR3 - 75 AMP 
POWER SUPPLY

(LEFT SIDE)
F IG U R E  10
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R/D Converter M icro Processor

Connector
(100)

Connector
(143)

Connector
(163)

; r v - r
- '■» *  - — I- —n . I -----— --------------—------— ----------------- .. -

S 3 , - j ^ . ' C 3 -  ' "  i , : W - £ r  S

-IT - '*>"’?££■’’■ E
* - ---------  • Z r- ‘ >  — _____ V ? '1 --»• 

: r :

H *

.  ©;o
c ,
0\

TP 386

Resolver 
Voltage 

Adjustm ent 
Pot (24)

Resolver 
Input 

C onnector 
(97)

Signal
input

C unnector
(210)

TP219

Com pensation 
Board Area

TP 348

TP 350 
(A-COM)

Diagnostics 
(Status) 

Bar Graph

A C S 3  - M C 2  
MOTOR CONTROL BOARD 

FIGURE 11
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INDUSTRIAL DRIVES TL BDS3-208/20-3105A2
TEST LIMITS AMD MODIFICATION DATA ISSUE 2 SH 1 OP 3

BDS3-208/20 WRITTEN BY L. LESTER 12/3/86APPROVED BY jfr'ft <fl_,-----
MOTOR DATAs

MODEL BR-3I05A____________
RATED SPEED 1450________  RPM
RATED TORQUE 9.5_________  LB.FT
RATED CURRENT 6.5_________  AMPS RMS/PHASE
ROTOR INERTIA -00233______  lb.ft.secj
LOAD INERTIA 0 - .012 lb.ft.sec

AMPLIFIER DATAs
CURRENT LIMIT SET FOR 35 AMPS RMS/PHASE ( 4 2 - 5 2  A. PK. )
EXTERNAL CURRENT LIMIT SET FOR 20 AMPS RMS/PHASE ( 26 - 30A. PK
OVERSPEED SET FOR 1875 
TACH SCALED FOR 1800 
PWM FREQ. 4 KHZ 
CURRENT MONITOR SET FOR 8V

RPM
RPM 0 +8 VOLTS
§ 35 AMPS RMS/PHASE ( 42 - 52A. PK. )

4.6V e 20 AMPS RMS/PHASE ( 23 - 30A. PK.)
AMPLIFIER COMPENSATION: ACS 3-COMP 1

CURRENT LOOP COMP.
FEEDBACK R47.R49,R54 30.IK '
A PHASE: R50 2.7M5%" R53 499K ■ C52 330ofX C49A lOOof *

B PHASE: R48 2.7m5% R16 499K C45 330of ' C47A lOOof' *

C PHASE: R42 2.7m 5% R43 499K C46 330of C42A lOOof *

•SEE SPECIAL INSTRUCTIONS
VELOCITY LOOP COMP:

TACH INPUT SELECTION: J8 IN 18.21^TACH SCALING: R18 2.74K ' R19
REFERENCE INPUT POLARITY: J10 IN ^ Jll OPEN * sSUM 1 INPUT: R37 15K * SUM 2 INPUT: R23 2 OK
REFERENCE INPUT: R58 15K , 1 17-6 

C36
ADJUST SCALE FACTOR POT: 
SUM STAGE:

P31 FOR 
WIPER OF 
R38 2OK -

-0- *' OHMS BETWEEN 
POT. R57 OPEN

> AND 
OPEN

R5 20K . R6 OPEN C4 OPEN •S’
PROPORTIONAL STAGE: R22 82.5K R56 OPEN - J21 IN

---------C51 O.lmf y

NOTE: ALL RESISTORS l/8W. 1% AND CAPS 51 UNLESS OTHERWISE
SPECIFIED. 1/4W, 1% MAY BE SUBSTITUTED IP 1/8W, 1% NOT AVAILABLE.

ECN: (2) 81917 12/3/86 LDL:



INDUSTRIAL DRIVES 
TEST LIMITS AND MODIFICATION DATA 

BDS3-208/20

TL BDS3-208/20-3105A2_____
ISSUE 2 SH 2 OP __3

GAIN STAGE: 'ADJUST GAIN POT P32 FOR
DERIVATIVE STAGE:

LOW PASS FILTER:
DRIVE UP OPTION:
EXTERNAL CURRENT LIMIT: 
OVERSPEED:
I SPEED I SCALING:
1VELOCITY ERRORI SCALING: 
PWM FREQUENCY:
TRIANGLE WAVE REDUCTION: 
I OFFSET:
OPT. INHIBIT:
BIAS:
FOLDBACX:

R15 511 OHMS *2.5K » OHMS BETWEEN 35-2 & 35-3
R59 22.IK * J9 IN R24
R60 150K
C25 .015mf
J3 OPEN
R2 6.49^

C28 220of •/ 
C26 .015mf * 

J20 IN ^

R40 3.74K ^ 
R14 6.81K '
R7 ZERO OHMSy 

R41 75K -
R44 OPEN 
R12 10K
J13 IN
R39 OPEN 
R17A OPEN R17B 5.62K

BDS3-MC1 COMPENSATION VALUES:
MICROPROCESSOR. IC54, PROGRAM A79776- 18 -LATEST REVISION

ACS3-MC2 COMPENSATION VALUES:
MICROPROCESSOR, IC101, PROGRAM A79776-26-LATEST REVISION
TEMPERATURE COMPENSATION 
OPTIONAL TACH SELECT

R9 OPEN J8 2 - 3 ^
J25A 2 - 3

CLOCK FREQUENCY J124 2 - 3
ACS OR BDS J205 1 - 2  -
FILTER: J408 IN ' J398 OUT ^

J399 OUT v' J400 OUT

20K__



INDUSTRIAL DRIVES TEST LIMITS AND MODIFICATION DATA 
BDS3-208/20

TL BDS3-208/20-3105A2ISSUe. 2"" SH 'j UF--- 7

SPECIAL INSTRUCTIONS AND COMMENTS:
♦WHEN ACS3—C0MP1; REV. 2 BOARDS ARE USED, C49A, C47A & C43A WILL BE INSTALLEt 
IN PARALLEL WITH R42, R48, & R50.

Stamp ACS3-COMPI Card, in box provided, with amplifier current 
rating and motor compensation.
Example: 20-3105A2-2



INDUSTRIAL DRIVESTEST LIMITS AND MODIFICATION DATA

MOTOR DATAs
MODEL BR-21Q2A

TL BDS3—208/12—21Q2A22
ISSUE 1 SH I OF 3 
WRITTEN BY L. LESTER 12/l5/86
A P P R O V E D  B Y

6260
2. 6

RATED SPEED
RATED TORQUE __________
RATED CURRENT 4.2_____
ROTOR INERTIA 0.000236 
LOAD INERTIA 0.10

RPM 
LB. FT
AMPS RMS/PHASE 
lb.ft.sec^ 
lb.ft.sec

AMPLIFIER DATA:
CURRENT LIMIT SET FOR 21__________  AMPS RMS/PHASE (28 - 32 A. PK.)
EXTERNAL CURRENT LIMIT SET FOR _12_______  AMPS RMS/PHASE ( 16 - 18A. PK.)
OVERSPEED SET FOR 560
TACH SCALED FOR 500 
PWM FREQ.

__  RPM
RPM 0 +8 VOLTS

_4________  KHZ
CURRENT MONITOR SET FOR 8V 0 21

4 . 6 V  0  1 2

AMPLIFIER COMPENSATIONS ACS3—COMPl 
CURRENT LOOP COMP.
FEEDBACK R47,R49,R54 30.IK______

R50 2.7M.5% R53 332K 
R48 2.7M.5% R16 332K 
R42 2.7M.5% R43 332K

AMPS RMS/PHASE (28 - 32 A . PK.) 
AMPS RMS/PHASE (16 - 18 A . PK.)

A PHASE:
B PHASEs
C PHASE: ________
♦SEE SPECIAL INSTRUCTIONS 

VELOCITY LOOP COMP:

C52 4700pf C49A lOOof * 
C45 4700pf C47A lOQpf * 
C46 4700of C42A lOOof *

TACH INPUT SELECTION: J8 IN
TACH SCALING: R18 249 OHMS R19 OPEN
REFERENCE INPUT POLARITY: J10 IN Jll OUT
SUM 1 INPUT: R37 15K SUM 2 INPUT: R23 20K
REFERENCE INPUT: R58 15K
ADJUST SCALE FACTOR POT: P31 FOR ZERO OHMS BETWEEN 17-6 AND

WIPER OF POT. *
SUM STAGE: R38 2 OK R57 • OPEN C36 OPEN

R5 20K R6 OPEN C4 OPEN
PROPORTIONAL STAGE: R22 475K R56 OPEN J21 IN

0.1 mf

NOTE: ALL RESISTORS 1/8W, 11 AND CAPS 51 UNLESS OTHERWISE
SPECIFIED. 1/4W, 1% MAY BE SUBSTITUTED IF 1/8W. It IS NOT AVAILABLE.



INDUSTRIAL DRIVES
TEST LIMITS AND MODIFICATION DATA

TL BDS3-208/12-2102A22
ISSUE 1 SH 2 OF __3

GAIN STAGE:
ADJUST GAIN POT P32 FOR

DERIVATIVE STAGE:

LOW PASS FILTER:
DRIVE UP OPTION:
EXTERNAL CURRENT LIMIT: 
OVERSPEED:
ISPEED I SCALING:
IVELOCITY ERROR1 SCALING: 
PWM FREQUENCY:
TRIANGLE WAVE REDUCTION:
I OFFSET:
OPT. INHIBIT:
BIAS:
FOLDBACK:

R15 511 OHMS 
2.5K" OHMS BETWEEN 35-2 6 35-3.
R59 22.IK J9 IN R24
R60 1.5 MEG C28 560pf
C25 0.068mf C26 0.068mf
J3 OUT J20 IN
R2 6.49K

R40 3.32K
R14 182 OHMS
R7 1.OK

R41 75K
R44 OPEN 
R12 10K
J13 IN
R39 OPEN 
R17A OPEN Rl73 13X

BDS3-MC1 COMPENSATION VALUES:
MICROPROCESSOR, IC54, PROGRAM A79776- 15 LATEST REVISION

ACS3-MC2 COMPENSATION VALUES:
MICROPROCESSOR. IC101, PROGRAM A79776- 24 LATEST REVISION 
< n r u D C D l< P f l D r  m M P F M C l T  T f lM  R9 OPEN J 8  2 - 3
OPTIONAL TACH SELECT J25A 2 - 3
CLOCK FREQUENCY J124 2 - 3
ACS OR BDS J205 1 - 2
FILTER: J408 IN J398 OUT

J399 OUT J400 OUT

20K



INDUSTRIAL DRIVES
TEST LIMITS AND MODIFICATION DATA

TL BDS3-208/I2-2102A22
ISSUE 1 SH J OF 3

SPECIAL INSTRUCTIONS AMD COMMENTS:
*WHEN ACS3-COMP1; REV.2 BOARDS ARE USED, C49A, C47A, & C43A WILL BE 
INSTALLED IN PARALLEL WITH R4 2, R48, & R50.

NOTE: This system will be unstable without the stated load inertia.

ACCEL
@ 500 RPM

LOAD INERTIA 
Q .1_____  LB.FT.SEC2
10 A/DIV.

DECEL
@ 500 RPM

100 MS./DIV.
Stamp ACS3-COMP1 Card, in box provided, with amplifier current 
rating and motor compensation.
Example: 12-2102A22-1
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G U
IN D U STR IA L

D R IV E S

BRUSHLZ5S SERVO MOTOR 3R-3105

cn
WRITTEN 
S H E E T__

25993 ISSUE .
■ O . A P P R O V E D

_ i _______O F _______ I
U O T O H  P A R A M E T E R S W IN O IN G  O A T A

" ------ ----- 1 7ci. Svmooi 1 Units A 3 1 C 1 0 z
* Horsaoowai i t̂tao HO Ptd t HP -> A 4 .? 1 3.5 1
Soaed 1 nataa Ui Pta 1 PPM 1450 2900 1 21501

1io • :l 3 i. 3.5 I
• Toraua I Ratad T Rid f N • m “7“_ - ” ” ' * r *; i - - " --f "
Un« Currant 1 3»i*o I Rtd 1 linos RMS 6. 5 11.5 1 9 . D 1

| Voitt (lin« to Imai 1 Patad V Rtd 1 Volts RMS 210 210 210 I
•ujnunuaiu ioraua (S u m l io • ft ■'j 1 ;:*0* C AmD<«m 1 Nom TC 1 N • m ■ _ • '.4.1 1
| Gont. Lina Currant | Norn. IC 1 imw RMS 7 _ 2 14.3 . 11.1 1

i i ■ ‘rQiK ioroua | Nom. To 1 ID • It ^  1 5 0 1
1 1 N • m CO *2*3 1 o o 1

Paaa Una Co/rant 1 Nom. IO 1 tmoi RMS 25 7 o 54 I
ThaoraocaJ AcCMfiuon | Nom. OC m I radJaac' 21. 46C 21.46012 1 . 46t)

________, — f_.

no • rt/amo RMS 1 . 46 j. T 3 1 . r- 1
Toraua Sa»r*ittvi(v ! ; 10% Kt iN • m/amo PMijj Â 0. 99 * x. - 1T~ -

1 "Bacx EMP (lin»-<o-*inat 1 Z  10% K8 IV/KRPM 1 ll3 59.5 1 7c.5l 1
I No ■ mn OoantirK) So m o 1 Nom. Ui NL .RPM ! 2^:c I • 3 U d I >
| Max una to u m  voiu I Maa V Max IVoits RMS | 250 150 | -t z. - 1 ;
DC Am &  2S*C «uoa-»o mwl 1 : 10% nu lOnma i i.o 1.00 1 1.7 1 :
maucanca <i«na-»o-<nal 1 i 30% LA* im n 5.6 1.40 I 2.3 1 1
i ima constant Macn | N om TM 1 maac 4.= 4.9 | 4 . - I <
@  25» C cjac I N o m • c | m v»c 1 1.4 1.4 | i . ‘i | •

1 r

| M o tor G o a ra tm g  C.'iasacanauca  C urva PC- | I 1 '
j M o tor Cyoa Gurva tor m i«f m ia «n t  O i w i n a n i-U- ! 1
j M otor i «m o * n it tf * s 1
| Systarn P a rtorm a n ca  Curva PC- 1 : r ?■?- j 25 3:31 1

i j v m o o i i u n t i l  « a i o «  f

i 1
, 1 3  • ft • 5 * C -  | -------------------J  ^

I R o t o r  m a n i a 1 J M 1 « ! J  • - n -  . .  _ j  i

W e i g n t 1 w ,
|I0  . ' . 4 . 5  1

•* *  " ’ - :  - -  _ J

i

j T T
i ‘ °  * ^  i

| S t a t i c  F n c t i o n . r j  W —  . _ . -

i T h e r m a l  T i m a  C o n s t a n t 1 T C 7 i m i n u i a s  j ;  !

I " J i 5Z 5 u l  U J m p m g

i « o  2  S o u r c e 1 n

|, 0  • l l / < i ^ > - 'U  . 0  I

I b b j  c t . N  J  l U A i c i A P P u  I b b i «  i w A i c  ' A r - U :

I 7 4 7 3 0  I 2 / 5 / C 6  ' T 7 >f.  i
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Qnrinml Brushless Tachometer Piriaeter Tach Winding Data

7=1. 1 V-lt* !! * 1 ------ - n r*
Voltaae Sensitivitv L-S* 1 10\ KG V /KRP- !! io
Voltaae Rioole £12 cv/R VR | \ Avo-ok !!2
DC Resistance/ Phase 112.5% RT ofras 1132.7
Load Resistance/ Phase -in. I ohns III.5 1
Inductance/ Phase ah IU5

Optional Brush-Type Tachometer Parameter Tach Winding Data
i - c l .  i SvTMSOl i K 1 r 3 1 ;  "1 5

V o lta a e  S e n s i t i v i t v 2 10v | ::g | V/K.RPM II 1 19 17 I |

V o lta a e  R io o le  *  66 c v /R  I ."AX. 1 VK |V  A vc -o k II I 1 0 .1  1

DC R e s is ta n c e - 1 2 . 5 \  1 P7 | ohas 11 1 26 26

Load R e s is ta n c e M m . 1 r .L 1 o rr.s II | 2 .6 K 2 .6 K

In d u c ta n c e 2  30% 1 z z ! II 1 24 24 |

Option Adders
i L e n r th  ( m . ) i w e i c h t d t s l  1 I n e r t i a  i l a - t t - s e c * )

B raXe 2 .9 1 3 .7 .00 009 34

Brushless 1713 Tachoaeter I 1 .1 2 2 .0 .0 0 0 0 2 6 0

Brush-Type 2030 Tachooeter 1 .9 3 1 ^ .3 •0000 469
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M IC R O N ®  FEEDBACK TRANSDUCER 50-306-532
ABSOLUTE • FOUR SW ITCH • Multi-turn, dual bnishless resolvers • Fine/Coane 
geared system with four integral limit switches. 3.5" dia. instrument housing (NEMA 12).

A ll dimennoni ire in inchet

A . 3.JO Dia.
D . 3 .000/ 2.997 Du.
C . 3.25 Dia.
D . 3.30 Dia.
E . .3741 / .3743 Dia.
F . .125
ft . .60
J . .84
L  . 6 .0} ma«.
O . .04
0  . .71
S . .12

Aluminum alloy housing provides NEMA Type 12 enclosure for two (2) geared, servo size 11, 
brushless resolvers and four integral limit switches. Maximum absolute measurement range 
equals 128 turns of input shaft. Programmable, maintained contact limit switches are infinitely 
adjustable from 1 to 500 turns without changing components.

Internal precision anti-backlash gearing system provides two separate functions :
1 / Ratio between input shaft and fine resolver which is determined by system resolution.
2 / Ratio between input shaft and coarse resolver, which is determined by absolute measurement

range required by system.
Unit is mounted with hold-down clamps and flexible coupling.

SPECIFICATION'S..: - £ > % -  /*« / j r d
M A TER IAL I3asc Aluminum alloy casting

Cover Aluminum aJloy with anodize finish. O-ring seal
at base.

Shaft Stainless steel.
Gearing (Resolver) Stainless steel, AGMA quality 14, spring loaded 

anti-backlash.
Ball bearings Stainless steel, shielded, lubricated with grease. 
Hardware Corrosion resistant.

; / t )  j "

RESOLVERS Brushless, servo size 11 (see Rotating Components 73-Scrics 
for standard resolvers).

RATIOS . (Input shaft turns to fine resolver shaft turns) 1:1, 1:2, 1:2.5, 1:4, 1:5,
1:8, 1:10.
(Input shaft turns to coarse resolver shaft turns) 8:1, 10:1, 16:1, 
32:1,36:1,64:1,100:1,128:1. / y j~ ‘ / ~ . - s - c , r  u  . W ' . :

(over)

SMMMS/1.2 CMfncM O ld  I ’ l l  MK>ON INJIXU.MC.Nf COKJURAllON
iio tx rv is s T .P L A L N v ir .w .H Y n » «  
J1A04M 200 TW X 3I0U I 2114/USA

50-306-532 / Page 2.1... 

M IC R O -S W ITC H

SHAFT LO ADING  

OPERATING SPEED

"SM" series, single pole, double throw. 5 Amps resistive,
3 AMPS inductive at 28 VDC. 5 Amps at 125 or 250 VAC.

•NC C t Common
C ---------L— NO ! Normally open »htn acluatnr n in h tt r>otiUcn

N C  : Normally cloted »hcn  xtualnr n  m Itcc p iu tim

SWITCHES 01 and 32 (doscst to input shaft) maintained contact 
(Type A). At switching point, uhcn viewing unit from input 
shaft, clockwise shaft rotation will depress micro-switch plunger 
(forced actuation).

SWITCHES #3 and S4 (closest to connector) maintained contact 
(Type B). At switching point, when viewing unit from input 
shaft, counterclockwise shaft rotation will depress micro-switch 
plunger (forced actuation).

10 lbs axial and 10 lbs radial at .5" from mounting surface.

5(00 RPNt maximum at fine resolver shaft. 5000 RPM maximum 
at unit input shaft for switches.

OPERATING TEM PERATURE -20‘ to ♦W  C. 

M O U N TIN G

M ATIN G  CONNECTOR 

CAM  ADJUSTING WRENCH 

W IR IN G  SC H EM ATIC

flexible coupling (\ee41-2 Series)
Hold down damps (sec 01-505-940-3)

• r '  '
Plug with damp and bushing. Straight: 13-902-076-11 

*>0' angle : 13-902-076-12
I or setting of switching points : 75-103-89 1

Wire color Component Function Connector p
Red / WhiK Fine retoWer R 1 Rniof A
Yellow (Black). WhiU ■ R: Ro w t)
Red * SI StJWf c
Yellow • S2 Stamr D
Black • S3 Suutt E
Blue • S4 Suinr F
Red / While Coinc retolver R) Rotor G
Yellow (Black)/WhiK • R2 Rntof II
Red • SI Stator J
Yellow • S2 Stator K
Black “ S3 Siak>r L
Blue • S4 Sutnr M
Red Switch *1 C N
Yellow • NO , 1 . ' P
Black • NC R •
Oranpe Switch 12 C “ S
Brown “ NO • i f T
While “ NC U “
Cray Switch 13 C V
Purple " NO J - W
Green * NC ’ ‘ X .
SVhile / Red Switch #4 C s- Y
While / Yellow " NO ‘ •. z
While / Black • NC a

: w

Cm ** c n iN it r  micko* w n irM  VT m*ro« a’  to* 
nai.xrt.rsi st .musvir.w.NY um
ll^XMMO TWX JI0HI IIM'LJA
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M IC R O N ® FEEDBACK TRANSDUCER 50-306-520
ABSOLUTE - TW O SW ITCH • Multi-turn. dual bnishless resolvers - Fine/Coanc geared 
system with two integral limit switches. 3.5" diameter instrument housing (NEMA Type 12).

Rett?tacit eonntoor

All dimenuoni art in inthet
A • 3.J0 Dia.
B • 3 000 / 2.997 Dia.
C . 3 2J Dia.
D . 3.50 Dia.
E • 3741 / .3743 D il
F • .121
H . .60
J • .14
L - J 00 mat.
0  . ,0«
Q - .71
S . .12

Aluminum alloy housing provides NEMA type 12 enclosure for two (2) geared, servo size 11. 
brushless resolvers and two integral lim it switches. Maximum absolute measurement range equals 
128 turns of input shafi Programmable, maintained contact lim it switche* arc infinitely adjustable 
from 1 to 500 turns without changing components.

Internal precision anti-backlash gearing system provides two separate functions:
1/ Ratio between input shaft and fine resolver, which is determined by system resolution.
21 Ratio between input shaft and coarse resolver, which is determined by absolute measurement ran 

required by system.
Unit is mounted with hold-down clamps and flexible coupling.

/ S *  0 5 ^  t- ' o -

.snxiric.vi iums.
M ATERIAL

RESOLVERS

RATIOS

Base Aluminum alloy casting.
Cover Aluminum alloy with anodize finish. O-ring seal

at base.
Shaft Stainless steel.
Gearing (Resolver) Stainless steel. AGMA quality class 14, spring loaded 

anti-backlash.
Dali bearings Stainless steel, shielded, lubricated with grease. 
Hardware Corrosion resistant.

Brushless, servo size 11 (see Rotating Components 73-Scrics 
for standard resolvers).

(Input shaft turns to fine resolver shaft turns) 1:2, 1:2.5, 1:4, 1:5,

(Input shaft turns to coarsc resolver shaft turns) 8:1, 10:1, 16:1,32:1, 
36:1,64:1, 100:1, 128:1.

(over)

50-306.520 /  Page 2J...

M ICR O -SW ITC H "SM" series, single pole, double throw. 5 Amps resistive, 3 Amp\ 
inductive at 28 VDC. 5 Amps at 125 or 250 VAC.

C : Common
NO : Normjlly open »hen actuator it irt I fee potition 
NC : Normjlly dowd »hen actuator it m tree pmition.

SHAFT LO ADING  

OPERATING SPEED

BOTTOM SWITCII (doscst to input sh.ift) maintained contact (Type A). 
At switching point, when viewing unit from input shaft, clockwise 
shaft rotation will depress micro-switch plunger (forccd actuation).

TOP SWITCI 1 (closest to conncctor) maintained contact (Type B). At 
switching point,when viewing unit from input shaft, counterclock­
wise shaft rotation will depress micro-switch plunger (forccd actua­
tion).

10 lbs. axial and 10 lbs. radial at .5“ from mounting surface.

5000 RPM maximum at fine resolver shaft. 5000 RPM maximum 
at unit shaft for switches.

OPERATING TEMPERATURE -20* to +90* C.

M O U N TIN G  

M ATIN G  CONNECTOR Plug with clamp and bushing.

Flexible coupling (see 41-2 Series) 
Hold-down clamps (see 01-505-940-3)

Straight: 13-902-076-09 
90* angle: 13-902-076- 10

CAM  ADJUSTING WRENCH For setting o f switching points : 75-103*891. 

W IRING  SCHEM ATIC

Wire color

Red / White
Ye llow back)/W h ite
Red
Yellow
Black
Blue
Red / White
Yellow (Black)/ While
Red
Yellow
Black
Blue
Red
Yellow
Black
Orange
Brown
Whiw

Fine retolver

Coarte retolver

Bottom twitch

Top iwiteh

Function
Rl Rotor 
R2 Rotor 
St Stator
52 Stator
53 Stator
54 Stator 
RI Rotor 
R l Rotor
51 Stator
52 Stator
53 Stator
54 Stator 
C
NO 
NC 
C
NO 
NC

Conncctor pin number

c

n o t k ih ia* sr iVAisvir.w.M i.» J 
S iv )* - i:u >  r * x  ) io  l ii  »iv*



MICRON® ROTATING COMPONENTS- 72-204-6SS,
73-205-144 • Resolvers (brushlcss) Servo sue I I  • C on lro l T ransm itte r

AU d tm rn tion t ire  io i/Khct

A . 1.059/1.062 D it.
D . . W V I  0000 D ii.
C • .6245/ 6250 Du.
D . .1195/. 1200 Du.
E . .099/105 F lu
F . .417
G . .059/ 065
II . .562
1 . .090/096
J • .047/.053
K • .9110 m u .
L • .059/ 065
M • 1.590 m u .
N • 1.065 Du. m u .

T Y P IC A L  E LE C T R IC A L  
D A T A 73-204-6M 

2 «pr«d (4 -po lr)

F
73-205-144 
Single apeed (2-pole)

In p u l Vnltac* Vnlt« 7 0 26
Ira n tfo rm a ilo a  ra tio .9500 t  5 '* .454
O u tp u t Voltaga V o lt* 6 65 11.8
DC  K otor K*«l%tanct O IIM S 9.5 3*
DC  S la tor K»il»tanc* OII.MS 114 130
S e n s itiv ity m V /|)*e 116 206
M u lm u m  E rro r M inu te* 12 iprtad t  3

5000 Hz 400 H t

In p u t C u rren t M u lm u m mA. 10.9 40
In p u t p ow rr Nominal w a t t s .039 .56
Im p fd a n c t /S O OII.MS ■ “ w r r f i r j o 3 30 ♦ J3I5
Impedance ZKO 6IIM:J 410 * ji*>4 450 ♦ j580
Im prdancc ZKS OII.MS IJ0  ♦ jJ iO 440 ♦ j330
l ’ h a «  th in  (Open c irc u it) k id  DEC .1 0 10
N u ll Voltage (To tal) RMS mV 15 30
I ’ h a ilng  equation Ull S )V -K a * l JA

c m  j a
C(JI J ) ) .K t(« l *JX<» A 
r«2 »4\.Krr*i m in t a

c*ry«* © ia. i t t i  hicpos i\m cv« fx r crwrcxiAnoN no r r n r is  nn ju .N V f.*, m i ik q
S!*>«•• Ilao F"X 510 211 1I»*U1A
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-ox7 - 10% 2 0 8 V

c

a

-0x2 +io% 2 5 3 V
- 0 X 5  NOMINAL 2 3 0 V  
-O X 8  -10%  2 0 8 V

-OX3 +10%

l?J

2 5 3 V
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SPARE PARTS LIST 
(Board & Component Level)

National Radio Astronomy Observatory S.O. 59266

I. BRB8R-2102-3007-A-401-22 Motor
1. P/N C-40619
2. P/N B-40664

Antibacklash brake 
Micron feedback package

II. BRB8R-3105-3009-A-401-2

III.

1. P/N C-40619
2. P/N B-40613
BDS3-208/12-01-200 
BDS3-208/20-01-200

Brake
Micro feedback package
Servo amplifier 
Servo amplifier

1. P/N ACS3-MC2 Motor control card
2. P/N A-80121 Power transistor 12 amp unit
3. P/N A-79957 Power transistor 20 amp unit
4. P/N A-80294-001 Microprocessor
5. P/N A-78899-008 Fuse

IV. PSR3-208/50-01-002
1. P/N BDS3-REG1
2. P/N A-79787-001
3. P/N A-78896-013
4. P/N A-79787-005
5. P/N A-81080
6. P/N A-80934

Regenerative card

Transistor power module, 100 amp 450V 
Transistor switching module

Heaters for overload relays
P/N H-15952 for use with BRB8R-2102 
P/N K-93037 for use with BRB8R-3105
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LM124/LM224/LM324, LM124A/LM224A/LM324A, 
LM2902 Low Power Quad Operational Amplifiers
General Description
The LM124 tone* consists ol four independent high gain, 
inl»m»l»y froquency compensated operational amplifier* 
which wore dosignod tpocrfcally to operate from a ungle 
powor tupply over a wx3« range ol voltages Operation (torn 
split powm supplies It a lto  potiib le  and the low power tup- 
ply currant dr no It Independent ol the magnitude of the 
po>or tupply voitnga.
Appleton ( in n  Include trantducer amplrf**t. DC gam 
blockt and all the conventional 00 amp circuit! which now 
can b« more ttnly implemented m tingle powar tuppty tyv 
temi For anampie, th« LM124 I t n t t  can be dir ec tty operat­
ed oil ol the standard ♦ 5 power tuppty voltage which 
Is usod in digital lyslemt and w>ll • •  v*y provide th* required 
Interface election*! without ton ing  the additional 
H5 Voc power supplies

Unique Characteristics
a In the linoar moda the Input common mortu voftage 

nngo Includoi ground and tha output voltage can also 
I wing to  ground, even though oporatad from only a tm- 
gie power tupply voltngo.

■ Tha unity gnn c ro t!  frequency i t  temperature 
compantalod 

a The Input bias currant i t  a lto  lomperature 
compomatod.

Advantages
■ Elimmatat naad lor dual tuppties
■ Four internally compensated op ampt m a tingle 

package
■ Allowt d»ectty tenting near GND and Vqut a lto goes 

to GNO
•  Gompatibte with a< form t ol logic
■ Power dram tmtable lor battery operation

Features
■ Intematty frequency compensated lor unity gam
•  Large DC voltage gam too dB
■ Wide bandwidth (unrty gam) 1 MHi 

(temperature compentated)
■ Wide power tuppfy rango;

Single tupply 3 Vx  to 32
or dual auppliei 1 1.5 Vpc to I  18 Vqt;

a Very low !upply current drain (BOO pA>—ejsentially in­
dependent o l tupply voltage (1 mW/op amp at 
♦5 Voc)

■ Low input biating current 45 nAoc 
(lomperature compontatnd)

■ Low input o il to t voltage 2 mVpc 
and offset current 5 nA^c

■ Input common-mode voltage range include* ground
■ Oifforontial Input vo ltiqo rango ef|u-i to "  *  por.i f sim­

ply voltage
■ Large output voltage twing 0 Vqc to V f  -  1.5 VqC

Connection Diagram
Dual-ln-Une Package

Schematic Diagram (Each Amplifior)

tu iiv ii i l i u l i '  terwll i t r  emhii i

• lin tI  iw tir i* Mint i* *• a n il! ' « *v tr  eerrvil 
TUMrtm-1

Top View

Order Number LM 124J. LM124AJ. LM224J, 
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM, 

LW2902M, LM324N, LM324AN Or LM2902N 
See NS Package Number J14A, M14A or N14A

E
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F l o r t r i r a l  C h a r a c t e r i s t i c s  v *  -  + 5.0v k (N o : t< iu n n w o b w * i» > i» w i( C o n ir o w f l
1 111)1 1 LM2902

P»r»met#r Corximons
:

LM124A ! LM224A 

Uln Typ U a i Mm Typ M a i Uln Typ Uax Uin Typ Max kiln Typ Ma< Uln Typ M ai

Amphtief-lo-Amp*it»ef -  1 kHz to 20 kHz. -1 2 0 -1 2 0 -1 2 0 -1 2 0 -1 2 0 -1 2 0 00

Output Current Source V,N* -  I V d o Vh ’  “  0 VDC- 20 *0 20 40 20 40 20 40 20 40 20 40
mAoc

S ir* Vin "  -  1 Vqc. VM * -  0 Vqc, 
V *  -  15 Vqc. Vo -  2 Vqc

10 20 10 20 10 20 10 20 10 20 10 20

VM ‘  -  1 Vqc. V<H *  -  0  Vqc.
V *  -  15VoC-v o  “  200mVoc 
(Note 2) V *  -  t5 V p c .T A -  2S*C

12 50

40 60

12 50

40 60

12 so

40 60

12 50

40 60

12 SO

40 60

12 50

40 60

h*O C

mAOC

Input OH set Voltage

Inpot OWset 
Voltage Dntt

(Note 5) ___________

Rs -  0 0

;  A

1 7 ±20

t *

1 7 t  20

±5

±7 ±30

1 7

1 7

1 100

±9

±7

± 150

± 10

±7

±45 ±200

mVoc

>»V/*C

* * o c
Input Offset Cooent

Input Offset 
Current Dntt

l|N(») ~  l|N(-). VCU “  0V

r s -  o n i 10 1 200

1 30 

±10 ±200 I  10 ±200 1 10

40 300

±10

40 500

± 10

40 500

pAoc/"C

' 'AOC
Input Bias Current 

Input Common-Mode

l|Nt») Of l|N<-) 

V *  -  +30  Vqc 0 V *  - 2 0 V *  - 2 0 V * - 2 0 V *  - 2 0 V *  - 2 0 V *  - 2 Voc

Large Signal 
Voltage Gain

V + -  +15V0C
(VoSwing -  IV o c to l lV o c )
Rl i  2 k ft

25 25 15 25 15 15

22

V/mV

Output Voltage 
Swing

VOH V *  -  + 3 0 V o c .R L -  2 kn  

r l  i  10 kn
(LM2902. V *  -  M V o c)

28

27 28

26

27 28

26

27 28 27 28

5 20

27 28

5 20

23 24

5 100

Voc

<"Voc
Vql V *  -  5 V oc-R l ^  10k0 5 20

LM 124/LM 224 /LM 324/LM 124A /LM 224A /LM 324A /LM 2902

Electrical Characteristics v *  -  + 5 o vqc ino«» <) un*e»» *ui«3 iconunoed)

LMI24A LM224A LM324 A LMI24/LM 224 LM324 LM2W2 Units
Min Typ M ai Min Typ M a i Min Typ Max Min Typ Max Uln Typ M ai Min Typ Max

Output Currem Source Vo ~ 2 V(X * -  -*1 Vqc. 
V * T  -  0VD C.V* -  ’ 5 Voc

to 20 to 20 10 20 10 20 10 20 10 20
" A x :

S * * V#4~ -  ♦ t  Voc. 
V « *  -  0 Voc. V * -  '5  Voc

10 15 5 8 5 8 5 8 5 8 5 8

►rxrlon Iw iy r tm  and a rarwvaf of • « • • •  *c
150*C torwparpa** Tha » U < iXy  a r a  k M  C* a* t w  «

N M  »: For o p v tk ^  *  Ngn r a  lUi?4/l.U32«A. LU^907 i m I Pa «r»tad b M ^  on* • l» *C  »
C>n« boar* CKWilr^ m i k l f t r  a'rtMnt TN I  M«'?4/ltt??4A and I24A can pa b ra d  or
a*ara pow M . to >»o« r a  a>»p*»— to m m m  of 10 r**xo» vw po » ^  n  9«  N f ^ i M  o n A
Mol« I;  Sftort cvcxA* kom r a  output to V * can c a m  f ci w t  haaanq and ■ anauaf **»an conaOarog afton f io r f i  to grc^nd r a  1
V * . Al »>U« o« *XK*y «cA>9« *» m w i  of ♦ »S Vqc, 00« rv o m  aftorvorcuaa can a»caad r a  pom* t i x o t o n »Wv» *nd c
Mela Jt IN * r tM  o*rani » *  on* **an r a  «<**ga al any of r*a rpu l tM »  a  » »*" " M * 1*  *  •  A *  to r a  cca^clcr **«%on d  r a  *ra« to r»  Pmcvotq I
damp*, to U M o n  to r » t  <*oda ac%o*i r« r«  a M o to*«ra* *#*N paraaac aarwaor acton on r a  C  r>»a ranaa** k « o a  can caaa r a  « * * > *  c* r a  -c  to 90 to r a  >
p»at»wa> tor r a  ama duraaon r * i  an rpu i a ♦••an naga»>a TNa a no* dea ru r** and nor*** n ^w i t» m  —•  r» ♦m r^d i a*an r a  » t« i vcaaga. «^c#*«
MoH 4: T>wn apao^aacra are »r>ad to - STC < T* \  * tTTC tor r a  LM i?</lM tH A ^  r a  IU77*/\.M774A» at N*%w#a#a nwc a n t o a  ara m a i  to -  7TC t  T* *  • ftTC. 1 
apecTcaaone art arraid to 0~C < T* t  ♦ HTC and r a  11*290? apacdcaaona ara tonaed to -  «0"C *  T* \ • PTC
Mala fc VQ •  14 Vqc. Rs -  Oil w*n V # Pom 5 Vqc to »  V ^ .  and o-er ra  U  cpul c t n w - o d *  range 0  to V * -  » J al W C  lor H C W . V * * > •  * 0C
Kota ft: The oecaon of r a  input o#renl a out of toa C due to ra  PUT ta g *  TNa c»rw« a t m ra t f i  ceraLar*. « d a *a d M  o< ra  a<aaa of r a  « < u  fc» "o cadng change e«er 
Not* M tortM cornm orwnoda voftage of e4far rpu( »graf vcftaga J^a id nol ta a«e»ed to 90 ne?»a«a py more ran  QJV Ud 23X1 T»a*C*a end c* racom r^** #no*e »c*age rarga a 
trputa can 90 to ♦ M  Vpc «*r«*4 damage ( ♦ 2* Vqc tor LAWS). m eander* of r a  magn*«»e o* V *
Hole ft: Pue to p rx W y  of a ^ n ^  componenta. r w a  r>al coM*ng a rot ongneang «e aaay capac*anca Pe*»aen raae aMartaf parto rua *rOcaP* can Pe dw-r «d aa raa Nc* erf <
Mata t :  Ra*ar to RCTS12«AX tor IM 1?4A matary apac^cafcona and ra4ar to KO SlM X lor LW1J4 a l

t SV |tf 2TO. W  «



Typical Performance Characteristics

Input Voltag* Rang* Inpul Currant

•  I  X  I I

Voltag* Follower Puls* 
R **p on ** (SmaH SlgnaO

Common Mod* R *|*c tlon  
Ratio

!
t 
3

Larg* Signal F r*qu*ncy 
R *a po n t*

Open Loop Fr»qu*ncy 
R ctpons*

ms m

I  •• n a <•
(‘ • w n iT H iu i  n K i

Voltag* Follower P u li*  
Riapona*

*
•  <

Voltag* Oaln

?

li

Output C h*ra e t*rl* tlc *  
Currant Sourcing

O utput Characteristic* 
Current Sinking

i#* • aumi m m  cumim  w « i

Currant Lim iting
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LM
124/LM

224/LM
324/LM

124A
/LM

224A
/LM

324A
/LM

2902

Typical Performance Characteristics (iu?«>2 omy>

Input Curr*nt

v*-jum.T vomet f v j j

Application Hints
Tho IM124 tenos * r*  op amp* which opernto with pnty a 
Singlo power Supply voltage. have lrue-dilt*r*nti*l inputs, 
»nd romam In th* knew mod* with an Input common-mode 
voltago ol 0 Vqc. These amplifiers operate ovor * w*Je 
range ol power supply voltage with litlt# change in perform- 
•nee charactenstie*. At 25*C ampMkx oporation is posvb** 
down to a minimum supply voltag* ol 2.3 Vqc- 
The pinouts of the package have been designed to umplrty 
PC board layouts. Inverting Input* are adjacent to outputs 
tor alt ol the amplifier* and the outputs have also been 
placed at the comor* ot the package (pm* 1, 7. #, and 14). 
Precautions should be taken to in*ur* that the power supply 
lor the integrated circuit never become* reversed m pedanry 
or that th* unit is not inadvertently Installed backwards in a 
test socket as an unlimited current surge through the r e t i r ­
ing forward diode within th* 1C could caut* lusmg ol the 
internal conductors and result In a dest/oyod unit 
Large differential input vottagos can be easily accommo­
dated jrxt. as input differential voltage protection diodes ar* 
not needed. no large mput current* result Irom large differ­
ential input voltages. The differential input voltage may b* 
largor than V * without damaging th* devic*. Protection 
should be provided to prevent the Input voltages from gomg 
nogalive rm y* than -0 .3  Vqc (* ' 25‘C) An tnput Clamp 
diodo with s resistor to th* 1C input terminal can be used 
To reduce the power supply drain, the amplifiers have a 
class A output stage lor small signal levels which converts 
to c la is B in a large signal mode. This allows the amplifiers 
to both source and Sink large output currenta. Therefor* 
both NPN and PNP *irlornal current boost transistors can 
be mod to eirtend the power capability of the b a t*  amplifi­
ers. The output voltage noods to raise approximately t d*- 
ode drop obcrve ground to bias the on-chip vertical PNP 
transistor tor output current sinking applications.
For ac applications, where the load I* capacit/vely coupled 
10 the output of tho amplifior. a resistor should be usod, Irom 
tho output of tho amplifier to ground to increase the class A 
bias current and prevent crossover distortion.

VotteQe Oaln

Where me toed n  d-rer-tiy enupi«d. as m tic application*, 
tfxwe I* no crossover distortion.
Capacitrv* toed* wh«h a i* applied directly to the output of 
the amplifier reduce the loop stability margin Values of 
50 pF can be accommodated using the worstcas* non-m- 
vertmg urvty gem conrv>ciion. Large closed loop gams or 
resistive isolation should be used if larger load capacitance 
must be dnven by the *mp»fier.
The bus network of th* I  M l 24 establishes a dram current 
w fx h  IS odependont of the magnitude ol the power Supply 
voltag* over the rarvje of trom 3 Vqc to 30 Vqc- 
Output short o r Curts cither to ground or to the povtrv* pow­
er Supply should be ot short time duration. Unrta can be 
destroyed, rwt as a retull of the short circuit current causing 
metal fuvr^j, but rather due to the large incroase in 1C chip 
(>twpat«n wr»ch w4 cause eventual tailur* duo to *>cos- 
*/ve vncbon lemperstixos Putting (Vect short-circuits on 
mor* than one amplifier at a time will increase the total 1C 
pc»*e* drsscetion lo destnjetrv* levels, if not property pro- 
teciod with eiternal dissipation kmiting resisiors In series 
with the output leads of the amplifier*. The largor value of 
output soiree current wt»ch I* available at 25‘C provtdo* * 
larger output ax»eot capetekty at elevated temperature* 
(see typcal performance cha/edenstics) than a standard 1C 
op amp
Th* circurts presentod m the section on typical application! 
emphaw/e operation on on*y * single power supply voltage 
If conxiiemenury power supplies * r*  available. all of the 
•tandard op amp e»curts can be used In general, introduc­
ing a psoudo-ground (a bus voltage releronce ol V * /2 ) will 
allow operation above and below this value in single power 
supply systems Marry application circurts are thown which 
take advantage of the wide mput common-mode voltage 
range wTKh includes ground In m ott cases, input txavng n 
not reoiwed and mput voltages which rang* lo ground can 
easrfy be accommodaled.

2-334



Typical Single-Supply Applications tv* - sovod
N o n-lnv trting  DC G»ln (OV Input -  OV Output)

DC Summing Amplifier 
(Vin-S i  0 Voc •"<> V0 i  Voc)

wt«» v0 -  v, • v, - v, - v,
(V, • v,i i  (V, • v.) is <~e v0 * •  vrc

Pow»f Amplifier

• I 
l i f t

LEO Driver “ BI-QUAD" RC Active B»ndp«t» Fitter

E

2-335

LM
124/LM

224/LM
324/LM

124A
/LM

224A
/LM

324A
/LM

2902

LM
12

4/
LM

22
4/

LM
32

4/
LM

12
4A

/L
M

22
4A

/L
M

32
4A

/L
M

29
02



Typical Single-Supply Applications y* - sovocMConumed)
Squarewave O tc llU lo r PuIm  G«n»rator

H igh Compliance C orrtn t Sink 

I

Low Drift Peak Oetector

Comparator w ith HyttereaU

in
•v .t.O —V W - J -

Ground Referencing a D ifferentia l Input Signal

I

E-

2-337

L
M

12
4/

LM
22

4/
LM

32
4/

LM
12

4A
/L

M
22

4A
/L

M
32

4A
/L

M
29

02

Typical Single-Supply Applications rv‘ - sovodicont^ed)
VotUg« C o n fro n t  O tcUUIor Circuit 

I tv.*

f cr+rr* *<yu7« 0 V ĵC t  V j i  )  (V • M  V{ c )

Photo Vott**C-C«n Ampltn#/

A.
itf

tv.A4/fcmn

AC Cooped Inverting Amp«fV#r 

N K.

2*336



Typical Single-Supply Applications (v* - sovocxcontmued)

AC Coupled Non-Inverting Amplifier

1

v0 - i  ♦ jg < V |-V il

A* aha**! Vq •  *<V| -  V,)

2-309

LM
124/LM

224/LM
324/LM

124A
/LM

224A
/LM

324A
/LM

2902 LM
12

4/
LM

22
4/

LM
32

4/
LM

12
4A

/L
M

22
4A

/L
M

32
4A

/L
M

29
02

Typical Single-Supply Applications (v* - sovoejtcont^^D
High Input 2 Ad|uftUbt+-Oaln 
OC ln»lfum tnU tk>o AmpHtfcf 

nt

1̂1v, . , . . , , ,

» « » * w > v 0 -  101 IV. V,(

U tlng Symmetrical A m plifie r* to Orldge Current Amplifier
Reduce Input Current (Qeneral Concept) , ,
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Typica l S ingle-Supply A pp lications rv* - so icoot^n

Acthrt Fitter

Cl
l l t . i

2*341

LM
124/LM

224/LM
324/LM

124A
/LM

224A
/LM

324A
/LM

2902

E





□ ANALOG 
DEVICES

12- and 14-Bit Hybrid Synchro/ 
Resolver-to-Digital Converters

SDC/RDC1740/1741/1742
FEATURES
Internal Isolating T ra n tfo rm a rt
M ilitary Temperature Range
Three Accuracy Optlona
14-Bit or 12-Bit Retolution
High. C ontinuou t Tracking Rata
32-Pin Waldad Matal Packaga
Hermetically Sealed
Ratlomatrlc C onvenlon
Later Trimmed -  No E xterna l A d ju ttm e n t
Thrat-Stata Latchad O u tp u t!

APPLICATIONS
Flight In itrum an ta tlon  S y tta m a  
M ilitary Sarvo Control S y tta m a  
Artillery Flra Control S y tta m t 
Avionic S y tta m t 
Antenna M on itoring  
Robotlci
Engine Controllara 
Coordlnata Conversion 
A x lt Tram form atlon 
CNC Machine Tooling 
Procait C on tro l

GENERAL DESCRIPTION
T h t SDC/RLX;1740/174I/I 742 arc hybrid 14- or 12-bit conttnu- 
out tracking lynchro or resolver to digital converter* contained 
in 32-pin wrlded m tu l package* In th t core of th il hybrid the 
ennvmion p ro em  i i  performed by a monolithic IC manufac­
tured in Analog Devices proprietary BiMOS II p roem  that 
combines the advantages of CMOS logic and bipolar high accu­
racy linear circuit* on the tame chip. Internal iaolating micro- 
Irinirormrrs are used In provide true isolation of the lignal and 
reference inpul*. The 14- or 12-bit digital word it In a three- 
itate digital form available in two byte*. Using separate 
ESlAl)L£ inputs for the most significant S bits and the least 
significant 6 or 4 b in not only simplifies multiplexing of more 
than one device onto a single data bus, but alio enable* the 
INHIBIT input to be used without interrupting the operation of 
(he tracking loop. The converters are hermetically Mated in a 
32-pin welded metal package.

SDC/RDC1744-I74I/I742 F U N C T IO N A L  BLO CK D IA G R A M

MODELS A VA ILA B LE
The thrre synchro/resolm to-djgital converters described in thit 
data sheet differ pnmanly in the arras of resolution, accuracy 
and dynamic performance at follow*

Model SDCI740XYZ is a M b it  coowrter w ith an ovrrall ecru- 
racy of 1 5 -i arc minutes and a resolution of I J arc minutes 

Model SDCI74IXYZ i* a 12-bit c tw v m n  wiih an overall accu­
racy ol 1 15. J arc minute* and a re*olut>on of V I art minute* 

Model SDCI742XYZ is a 12-bit converter with an overall accu­
racy of ;  I  5 arc minute* and a resolution of J ) art minute*. 

Each model has two operating temperature range n r w n i ,  those 
covering the industrial temperature range (0 to ♦ 70"C) and the 
military temperature range ( -5511 to ♦ 125*0 The XY7. code 
defines the option as follows: (X ) signifies the operating temper 
ature range, (Y ) signifies the reference frequency, lZ ) signifies 
the signal and reference voltage wheiher it w ill accept synchro 
or resolver format. To ensure a high level of reliability each con­
verter receives stringent precap visual inspection, environmental 
screening and final electrical test.

M ilitary temperature range device* and those procetied to high 
reliability screening standards (suffn B) receive further levels of 
testing and screening to ensure high levels of reliability. More 
information about the option code* is given under the heading 
Ordering Information.

S Y N C H R O  A  R ESO LVER C O N V ER TER S  5 -1 9

(typx tl i t  25‘ C w t ln i othtrwit# specified)

S D G H D C I7 * SDOR D C I74I S fX V*t>C I>4} Cm m m K i SoS#*

CONVERTER PERFORMA.VK*
Accuracy ? 5 I  maa • 15 1 mat 1 15 mat art mm 1. )
T nck iA i Rj i« 71 mm 11 mm •• r r ^ i 4
Rr»r4utKM 14

(1 l.SB •  1 1 
art to**)

17
(1 L S B -5  1
art mm)

• •
Bin Output CuJmi ParalWl 

Natural Binary

S |naJ lr K r i t r r r x t  F m fv m c y 400
a • •

H i
kH j

O p^m  X I I
Optxm X4Z

RrprataKLty o l Poutioa Owip** i • • LS * 4
Ra/xlvwStli IM \V> • • Ha 4

SIGNAL I.STUT IMPEDANCE
Stfnal TOO • • M l R rtn tiv t Toirraivc l2\ 4

76V SifnAl 57.7 • • kO 4
11 IV  l.fru< 74 * • M l 4

REFERENCE INPUTS
fcrfrrrtK t Vohaft 
P . t i* r tn n  Im p rxU r* *

I I  I .  74, I I ) * V rm V i  OrJtrm c 
In/nrmatmn

m v  rw 170 • • i n R#aitur« Tokrw K f •  5 \ 4
t* v  bw 77 • • m i 4
II  IV  Kef 17 1 • • M l 4

A( iM IR A T IO N  (.DNSTANT V-000 ftUUO •• « * Svm M  K. 4

LARGE STEP RESPONSE 15 ivp 
100 m u

60 typ *• rm 1 ^  Step Inr S tttlm f to 
1 1 .SB c4 1 t tv t

1. )

p n 'iE R  LINES
• v ,  •  * i5 V 71 typ 15 mat • • cnA Q u irv r fll food llin fl 1. )

- 15V 71 typ J5 maa • • mA I^D O sm i (rxwiitmo 1. )
\ \  • • 5V 
farmer f>iit»p*tina

>5 irp  H  m u  
1.4 maa • •

mA
V

l^ ir f v m i CnoJittan 1. 1

D tr.rT A L  INPUTS IN H IB IT , 
I S A R U  ENABLE M)

V (Input l l i fh ) 7 min • • V <k V, .  . IV 1. >
V (Input l^rrn) 0 7 maa • • V <k V t .  .  5V 1. J
1 Input M*|h) 70 maa • • *»A V ,„  - 1  t v 1. )
1 (Inpuf l^rw) -  400 maa • * nA Va - 0  4V I. )

ENABLE AN D  DISABLE TIME •0 maa • • M J. 4

i n h ib it
Vrn%* l » f  k L tm

io IN H IB IT • •

T im* to Da«a StaMr (a /tft 
N r p t i t t  O mt*  F-dff
o i IN H IB IT ) MO maa * • m 4

Bt'SY OUTPUT
S*n*
T untnf

A c ti*t U f X  H iff t  ( o o m if f  pvrtition output cha/i*inf. 
Pmati^t gmng rd g t 50o* bcfnrt chanft in potitioA output.

V id lk
400 typ 
700 mm 
600 maa

•
n*
nt
m

1. 3 
1. ) 
1. )

Load 7 mm • • T T L 4

D IG ITA L OUTPUTS 
V o liif t  LrvtK

L o ftc  High 7.4 mm
*

V dc Vt - * 5 V ,
Iom “  -  2*0>iA

1. )

L ock L ow 

Load

0 4 maa 

4 m u . •

Vde

T T L

Vt - . 5 V
lo t «9.6mA

1. 3
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SDC/RDC17 4 0 /1 7 4 1 /1 7 4 2
Parameter SDGHDCI740 SDC/RDC174I SDORDCI741 I ’l i t l Cm ' w m i N o n

OPERATING 
TEMPERA T V R £ RANGE 

Option SYZ 
Option 4YZ

0 lo *  70 
•  15 to -125

* -c
•c

DIMENSIONS l.74«l M - 0  J I 
(*4 2«2> 9> 7.1) .

Inch
mm

Sr  P«kj(t

Information
4

WEIGHT O K m il

71 mat . •
gramt

4

E L  ™  o» . p m ™ . — • -  <-■ •“
harmonic diuonion; «) 15% p o w  tuppiy *««««*»; (4; * I0> varutmo •* rtfc fttK f I f * * '* 1* * -  

'E lB /H O  M m i b ln  mott ugmfieant I  bit*.
ENABLEX enablet lean »ignif»c*nl 4 bit* (or 4 bit* for 5 0 0 X 0 0 7 4 0 ).

MOOS tetted •( nominal valuet oi powtt iwpplm* inpul *fnaJ n>Jtac*t and oprr*em| frequency 
‘Guaranteed by do ijn .

• S prci He a t iont utnc a* S DC/K DC 17 *0 
••SpeciAcationa aame aaSDC/RDCI 741.
Specification* »ub*ci to charge without notice. □

ABSOLUTE M AXIM UM  RATINGS
• V ,1 to G N D ................................................................ ..  17.25V dc
-V ,  ...................................................................................-  17.25V dc
«VL* to G N D ...................................................................... *7 V d c
Reference Input HI to G N D ............................................±350V dc
Reference Input L O to G N D .........................................*  350V dc
Common Mode Ranije....................................................... 175V rrm
SI, S2. S3. S4 to G N D .....................................................*  350V dc
Any Logical Input to GND ................................... -0 .4V  to * V L
Cate to G N D ................................................................  • - i i ° v  *
Storage Temperature Rang* .............................. -6 5 ’C lo H 5 0 C

CAUTION:
'Correct polarity *o ltif«  mu*t be maintained on the »V , and -V % pint. 
Mhe ♦ JV power tupply mu»t never |o below GND potential.

NOTE
Absolute manmum ratif»|i art thow value* beyond which damar «o the 
device may occur.

O U T L IN E  D IM EN SIO N S
Dimenttort* %h*wn m hkV i  and ’ i w i

□ ANALOG 
DEVICES

m m o »  a f w . i i  o»v*»
MAOe *» I MkMO

IOC'ADC U M

or*o« t i t .1

S Y N C H R O  &  R ESO LVER C O N V ER TER S  5-27

PIN CONFIGURATION PIN F U N C T IO N  DESCRIPTION

n iu ru
IWUkfl

Bit N iim h ft Weight ia ( ) i | i i n

1 ' M *> I I ' M 0  WOO
2 90 onoo
1 41 oor>0
4 vmo
5 I I  2 '00
6 5 fc.’ V )
7 7 1125
1 1 40ft 1
* 0 70)1

10 0 J J 16
I I 0 1751
12 fLSB foe 1741/1742) 0 0179
1) 0 04)9
14 (LSB foe 1740) o o::o

r n M a t mn n it rv w r ifx .o .

1 14 Rit 1 14 (1740) Parallel output data hitt.

112 Ru 112 (1741/1742)

15 REF LO Input pim foe the reference ugnal.
16 REF l i t

17 S4 OR N C S4 Dgnal input foe Revilvef 
option. N ' t  foe Synchro option.

I I S3
19 S2 Syr* hro/R evil vrr input tigrvali.
20 SI

21 NIC No Connectloei.
22 N*C No Connection.
2) CASE Should he connected to 0V GND.
24 S/C No Connection.
25 r e t i r e t .v J A ir E T  enable! the i  oe 4 

lent ligmficani bin.

26 r.??ATn.rw F-S'AhLE M enablci the t  moat 
ngni/icant b it l.
l-o«*c High art* the output data 
b in  to a high impedance ante; a 
Logic l.ow prrventi the data in (he 
U tch« to the output pin*.

27 B l'S Y Convener buiy. A Logic High 
output mdicatei ihat the output 
lauhei are being updated and 
data thould not be tramfcrred.

2« Is'lllfiiT l^g«c l ^ i *  inhib it! the data 
trantfer froen the counter to the 
output latchev

29 *v . Main putm vt pu» tf lupply.
JO 0V GND Pt»-er lupply ground.
31 - v , Main negative power lupply.
32 * v t Logic powrr lupply.

Tsbl# L Bit W§tght Tsbl#

$ -2 2  S Y N C H R O  A  RESOL VER CO N V ER TER S



SDC/RDC17 4 0 /1 7 4 1 /1 7 4 2

Figurt 1. functions! D ugrtm  o l fb# SDCRDC1740.1741/174!
B

THEO RY OF OPERATION
In the tynchro-to-digital converter configuration, the 3-wire tyn- 
chro output ihoulJ he connected to S I. S2 and S) on the unit 
»nd the Scull T transformer pair w ill convctl these signals into 
resolver fofmit, i .e . ,

V ,*  K Et) sin «>i tin 8 (S IN)
V ,*  K K,, t in  w< coi • (COS) 

where A it the ing le  of the tynchro shaft.

In the tesolier-to digita l converter configuration, the 4-tsire 
revilver output should he connected to SI, S2, S3 and S4 on the 
un it and the innsfotm ert will act purely u  isolators.

To  umlertund the convertion process, then assume that (he cur- 
tent woid tlaie o f the up down counter is <t>.

V , it  multiplied by CO M  tnd V j it  multiplied by SIN'!' to give: 

K F,, tin u i  tin  I  cot 4  
and K F,, tin u t  cos 8 tin 4.

These tijm lt are tubtracied by the error amplifier to give:

K E,, tin u t  (tin  6 cot 6  -c o t  9 tin  4 ) 
or K F.0 tin u t  tin  (8 -6 ).

A  phate teniitive detector, integrator and voltage controlled 
owillator (VCO) form  a doted loop tyttern which teekt to null 
t in  ( ft- <J>). The d ig ita l output (counter 6)) then repretenti the 
tynchro/reiolver th a ft angle 6 w ith in  the ipecified accuracy of 
the converter.

rNfmTf INPUT
The iN M llT  logic input only inhibits the data transfer from 
the up-dnwn counter to the output latchct and, therefore, doet 
not inierrupi ihe operation of the tracking loop. Releasing the 
IM f iiH l f  automatically generate! a busy pulse to refresh the
output dm.

E77XKR i n p u t s
The F.tfATMTE inputt determine the stale o f the output data. A 
Logic High maintains the output data pins in the high imped­
ance condition, and application o f a Logic Low presents the 
data in Ihe latchet to the output pins. ENABLE M enables the 
most significant I  bits, while Els'AliCE L , enables Ihe least sig­
nificant 4 bits (6 b itt in ihe SDC/KDCI740). The operation of 
the F.MXTW f- inputs hat no eflect on the conversion process.

D A T A  TRANSFER
Data transfer can be accomplished using either the N T llB lT  
input or the trailing edge, positive lo negative transition of the 
BUSY pulse output.

The data w ill be valid MOnt after the application o f a Logic Lo 
to the IN H IB IT  input. This i t  regardlcM of the time when the 
IN H IB IT  i t  applied and allowt time for an active busy pulse lo 
clear. By uting the EFIa B LITM  and E N 'A ftL fTL  inputs the 
two bytes o f data can be transferred after which the IN H IB IT  
should be returned to a Logic H i ttate to enable the output 
latchet to be updated.

roo«« I 
MAX

H

v“E IX Z
Figure 2. Timing Ditgram

X
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STAN D A R D  PROCESSING (5YZ O PTIO N)
As pan of the standard manufacturing procedure, all converters 
receive the following presetting;
Process Conditions
1. Preteal Bum In M  hrs at • I25X
2. Ptecap Visual Inspection In house criteria
3. Seal Test, Fine and Grots In-house criteria
4. Final Electrical Test rerfoemed at • 25‘C 

Extended temperature range veismns m e m  additional 
processing as follows:
Final Electrical Test Performed at mat arsd mm

operating irmpeiatufrs

PROCESSING FOR H IG H  R E L IA B IL IT Y  

Process Conditions
1. I ’reteal Burn In M  hrs at » I25"C
2. Precap Visual Inspection 2017
3 Temperature Cvcling 10 Crde-s, -65"C to * l'(TC
4 (/m ttant A i\rle ra li«n  V 'ta^ i, VI Plane
5. Interim Electrical Te ttt
6 Operating Burn In * *  hours <» • I25'C
7 Seal le s t, Fine and Gross 1014
I. Final Electrical Testing P erftm ed at T

'Group A) and 
9. External Visual Inspection W

NOTE
T n l and HfrTrvnj d jt i  c mi h* **r-r4*d Fwnh«l mbmmttium ,41 irqum

O THER PRODUCTS
Many other hybrid peuducts concerned with the conversion ol 
synchro data are manufactured hy Analog IVvtces, umse ol 
which are listed below. I f  you ha*t any qucttmns about our 
p m lu c tt or require adiKe a h * it thru  use lot a particular appli­
cation, please contact war Applications Engineering Department.

The $[)C.'Rl)C17<7 and SDC/RDCI76I are hybrid tynchro- 
10 digital conveners with isolating m icrutrantformcrt similar 
lo the SDC/RDCI74<V4|M2 described on this data then with 
the additional fraiurrs ol analog velocity output and dc error 
output.

H ie  OSCI7SI it  a hybrsd sine/cosine power oscillator which can 
provide a maximum power output of I . )  waltt, over t  frequency 
range of 0 to lO t l l i .

The PRCI74S and r>RCI’ 4(S are 14- and Ift-bit natural binary 
latched output hybrid digital to resolver converters The accura­
cies available are i2  and t4  arc m in i, and the outputs can sup­
ply 2VA at 7V rms

ORDERING  IN FO R M A TIO N

Foe fu ll definition, the converter part number should be suf­
fixed by an option code. A ll the standard options and their 
option codes arc thown below. For optiont not thown, please 
contult Analog Devices.

SDC I74A X Y 7. B

SDC *  Synchro-to-Digital Converter 
R D C * Revilver to-Digital Converter

1740”  14-Bit Resolution, 1 5 3 arc min Accuracy
1741 *  12-Btt Resolution, :  15.3 arc mm Accuracy
1742 * 12- Bit Resolution, T. 1.5 arc mm Accuracy

High Rel Processing

Z ' l  Signal 11 .IV  Reference 26V Synchro
Z " 2  Signal *>0V Reference 115V Synchro

------- Z » 3  Signal I I . I V  Reference I I . I V  Resolver
Z * 4  Signal 26 V Reference 26 V Resolver
Z * l  Signal I I  IV  Reference 26V Revolver

__Y*» I 400Ht Reference Frequency
Y * 4  2.6kHz Reference Frequency

X * 4 -  55“C to *  125‘C Operating Temperature Range 
X " 5  0 10 *70*C Operating Temperature Range

5 - 26  S  Y N C H R O  A  RE SOL VER C O N V E R  TERS





□ ANALOG 
DEVICES

CMOS
Quad SPST Switches

ADG201A/ADG202A
FEATURES
44V Supply M tx lm u m  Rating 
± 15V Analog Signal Rang*
Low Ro« (60(11 
Low Leakage (O.SnA)
Extended P la ttle  T e m p *r» tu r*  Rang* 

|-40 *C  to  +85*C)
Low Power D ia ilpa tlon  (33mW ) 
Standard IS-PIn D ip t and 20-T*rm lna l 

Surface M ount Package*
Superior Second Source:

ADG201A Replecet DG201A, HI-201 
ADG202A Replacai DG202

ADG20IA/ADG202A F U N C T IO N A L  B LO CK D IA G R A M

•« » rc» « l t» o w » io « e

GF.NF.RAL DESCRIPTION
The ADG201A and ADG202A are monolithic CMOS dericrt 
compriting four independently telectable twitchet. They are 
deiijncd on tn  enhtnced L C ’ MOS procrta which g iret an in- 
created tign*l handling capability of i  15 V. Theae tw itchei alto 
(enure high twitching tpeedi and low Ro n '
The ADG20IA and ADG202A contitt o f four SPST twitchet. 
They differ only in that the d i* iu l control logic it inTerted. All 
devim  exhibit break before make twitching action. Inherent in 
the d n i* n  it low chttge injection for minimum trantientt when 
twitching the digital inputt.

ORDERING IN F O R M A T IO N '

Temperature Range and Package Optiona1- ’
-  40‘Cto ♦ KS*C -  40*C.lo + *5‘ C -  55*Clo ♦ I25*C

Plaitic I) IP (N > li)

ADG20IAKN
ADG202AKN

llt rm e t ic (Q - lt )  

A DC 201A BQ 
ADC1202ABQ

Hermetic (Q -U )

ADG 20IATQ
AD0202ATQ

Pl.CC*(P-20A) 
ADG20IAKI’ 
ADC202AKP

LCCC’ (E-20A)
ADG201ATE
ADG202ATE

s o m
'To otdrt M1L STD I I ) .  CI.u  A pmctMrd pant, to pan
numt*!. S« An.lot O vxe t Military Productl D»li Book (IW 7) lor
military Jao ihrrt.

‘Set S fflion 14 Ivt p « k *« t o u l l i ix  in fo rm jiion ,
>AI«D iY .il.bk in SOIC p K k .m  (AIXWOIAKR, ADG202AKK)
*rt.ee PI.UK Lr^Jrd Qiip Carrier.
' LCCC L n J k i i  O rtrnic Chip Gutter.

PRODUCT H IG H L IG H T S
1. Extended Signal Range:

Theae iw itche i are fabricated oo an enhanced LC ’ MOS 
procru, m u llin g  in high breakdown and an increaaed analog 
aignal range of ± 15V.

2. Single Supply Operation:
For appUcauoni where the analog ugnal ia unipolar (OV to 
15V), the iw itche i can be operated from a tingle + 15V 
tupply.

J. Low Leakage:
Leakage currenti in the range of 500pA make ihete iw itchet 
tuitable for high preciaion circuita. The added feature of 
Break before Make allowt for multiple outpuu to be tied 
together foe multiplexer application! while keeping leakage 
errort to a minimum.

ADC201A ADG202A S W ITC H
IN IN C O N D IT IO N

0 1 ON
1 0 OFF

Tibia I. Truth Tabla
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SPECIFICATIONS

rw tN M ltf

K V

2YC
- « r r  ••
•  n x

ft V«r%M>«

n * c

T V im o t

U m i T#*t C+mdtimm*
A \A I.< K , SU | t(.H

Aru ln f S>|rv̂ J R * r ft t 15 11) * \ \ f  \ \ t  15 t  15 Vn4t«
R««*«

** V |,( V^) 
Km* l>rif|

*0
«0

20 
0 5 
5

IO
«0
«©

20
0 % 
\

14%
fcO
«0

20 
0 $ 
5

145
l l t r t
(1 ITUI

V irt»

S trp

-  |0V « V |«  • 10V 
I m -  1 0mA 
T ru  C iiru it I

V | •  0V. | fn  •  ImA
i» o i p )
OFF Input

0 5 
2 100

0 > 
2 100

0 5
1 100

nA typ 
nA m it

^ r> •  l  14V, Vg * 14V, TfW Orcuti 2

In  O F F )
o r r  CKipwi

0 5 
2 100

0 5 
2 100

05
1 100

»A typ 
nA mat

Vn .  i  14V, V | •  x l4V,Tf», O rru it 2

In 'O S )
OS O tin n d  L / i k i f f

0 s 
J 700

0 1
2 200

05
1 2P0

nA trp  
nA m il

Vp •  i  14V. T rtt Cifcuit j

D IG ITAL CON’ T ftO L
VlvM. Input | l t |h  V n lttft 
V|K| , Input Irm  VoitAft

2 4 
0 1

2 4 
0 1

2 4 
0 1

V mm 
V iru i

1 1 1 n A m u
DYNAM ICCM AKACI ERIS1ICS

>n •«

*4+*'
OFF lid in o A

to
)U0
1)0
to

»0
HO
:>o
10

V)
>O0

10

n%tvp

n tm it 
dft tvp

T rtiC ititm  4
I tt lL lU U II 4
V , •  IOV'p-p), f •  100k Mi

Chjnntl-fo-Ch«nncl Cnmialk 
C\(OKF)
Cn (0FF)
C „.C t fOS)
Cis Digital Input Capacitanct 
Q iv)C h*r|c ln»rci>on

10
5
5
16
5
20

M
5
5
16
5
20

10
5
5
16
5
20

Jfl tvp 
p F irp  
p F itp  
pF ivp 
pF i»p 
(C lrp

Ri •  7511. T o i G rru it 6 
T ftt CmuM 7

f t , - o o .c ,  -  inoo rF .v .-ov
Tnt C tfiu it 5

p o \x*kr  s u p p l y

l|>o
l|H>
Ut
U t

Power DiuipatKin

0 6 

0.1
2

02
3)

0 6 

0 1
2

0 2 
n

0 6 

0 1
2

0 2 
))

mA t>p 
mA rrv«a 
m A irp  
mA m«i 
m\X m u

Input! -  V,NI a* V|WM

w o rn
’Wnf* i i t  J1V. i«t«Mn (mptaMi 
if<rc*r« iiKMt •uKrct M (h«ntt «itKuut mm ki

PIN C O N FIG U R A TIO N S  

DIP LCCC

•  i  *  t  i

PLCC 

:  i  * 2 3

•t u - E
1» VM »- Cl
H MC
II  NC ouo [T
M I I - E

*  !  IT i  8
nc •  wo cow er

A0CM1A 
ADGJ07A 
TO* vw*

3 -
3 -
3 *
3 - e

3 “
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ADG201A/ADG202A
ABSOLUTE M A X IM U M  RA TIN G S*
( T * “  ♦ J5*CuftJfuoth<r>»n< I t j i fd )

Voo 10 V | | ...................................................................... 44V
V „ „  10 G N D ........................................................................... 25V 
Vv, 1 0 G N D ...........................................................................-  25V 
A n ilo * Inputt1 

Voltage it S, D ....................................................V 4,  - 0  JV to 
V,>o ♦ 0. JV 

Continuout Current, S or D ......................................... JOmA 
PulwedCurrem Sor D

I m i Duration, I0X  Duly Cycle ...............................70mA
Dignal Inpuli1

Voliage it  I N .......................................................... Vu  -  2V lo 
V do *  JVor 

20mA, Whichever Occur* F in i

Power D iitipa tion(Any Packjge)
Up lo ♦ 7 5 X I .................................................................. 470m W

D tn tn  above ♦ 75"C b y ..........................................6mW*C
0 periling Temperature

Commercial (K V c n io n ) ............................  -  40‘C to * I5 'C
InduitruJ (B V e n io n )................................... -  40‘C lo » I5 ‘C
Extended (T  V m m l .................................. -  55‘C to » I25‘C

Stonge Temperature Range............................-4 5 'C  io ♦ 150X1
Lead T tm pcm ure  (Soldenng lOicc) ...........................  ♦ XX) C

NOTE
'Ovtrvollaft i t  fN .Soi Dwtilheclamprd hr 4 «*ln  Cnm«ttfwwtJN 
iMiuttd lo th« M u ra u n  IUtiA| »Nj*«

‘COMMENT lim tn  tN x i ihmt b tid  uiwWt 'Abufcitt Mitmam R x  I*\f I ~ miy cium pvtiMMAl duiu ft t i  IS* drvvt Tlut *  l  urrm rv Mh
ind  furK ltfwui o fv n tn n  at I hr 4m t t  i t  th n t  m  BUT o rh n ronditm at d o n  thaw imJkmc4 m the ofwrelmniJ wctroAi al ih *  K Y Y ifa K M i m mat «np1*4 
F.I|U>UK to ihm lu ti iM in u in  r ilin g  ciwwfctiom lot m t i M  p n n l i  m ty i / l ie l  I m i  r r ln b ih t r  Ot»N on•  A too ta tt M u h m i i  I t ' l l * !  U  irT 'w d  H 
m r m r  turn

CAUTION ______________________________________________________________________________
ESI) (electrottilic diuhaige) tentitive device. The digital conlrnl inputi <rc diode protect* 
fd ; however, permanent damage may occur on unconnected devicet tubrcci to high energy 
(levtrtn tiitc  fieldi. Unuied device! m u il be tlored in conductive foam or ihun it. The protective 
foam thnuldbediKharged toihe dettin ilion  v x k r t  before devicei are removed.

Typical Performance Characteristics and Test Circuits
The iwitchtt art guaranteed functional with reduced aiaglt or dual aupp(ie« down to 4.SV.

WARNING!

l U U n t i l n t  O t K t E

1mA

-5>

v .Z ±

❖
R m tV llm A

Ron <> * Function of V0 (Vs): Duel Supply Voltage Test Circuit 1

Test Circuit 2

Ron is I  Function of V0 (Vs): Single Supply Volttge

CMOS SWITCHES & MUL T1PIEXERS 7-27



TECHNICAL DATA JANUARY t * *

Features
COMPATIBLE WITH LSTTL, TTL, AND CMOS
LOGIC

M0AUO GUARANTEED OVER 
TEMPERATURE

• LOW INPUT CURRENT (1.6 mA)
• WIDE VCc  RANGE (« .5 TO 20 VOLTS)
•  THREE STATE O UTPUT (NO PULLUP 

RESISTOR REQUIRED)
• GUARANTEED PERFORMANCE FROM 0* C 

TO +85* C
• INTERNAL SHIELD FOR HIOH COMMON 

MODE REJECTION
• RECOGNIZED UNDER THE COMPONENT 

PROGRAM OF U .L  (FILE NO. E55M1) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 1440 Vac, 1 MINUTE AND 
2500 Vac, 1 MINUTE (OPTION 010).

Applications
» Isolation o l High Speed Logic S yttam t
•  Computer-Peripheral In terfacet
• M lcroproceuor S y tte m  Interfacet
•  Ground Loop E lim ination
• Pulse T rantform er Replacement
• Isolated B u s t Driver
• High Speed Lina Receiver

'[J

mA of diftefentlal mode no*te im m unity and elim inate* me 
potential lex output aignal chatter The detector 1C h a t an 
Internal *hield that provide* a guaranteed common mode 
trantw nt Immunity of 1 000 von V h tec Higher CMR tpec>- 
f ic a t io n t  are a v a ila b le  u p o n  re q u e t t  Im p ro v e d  
power tupp ly  reiection elim inate* the r*e d  for tpe o a l 
power auppfy bypa ttm g precaution*

The Electrtcal and Switching Characte rtttic* of the MCPL- 
2200 tre  guaranteed over the temperature range of 0" C to 
65*C The HCPL-2200 n  guaranteed to operate over a Vcc 
range of 4 5 vottt to 20 vo ftt Low I# and wide Vcc range 
allow compatibility With TTL.LSTTL. and CMOS lo g 'f Low 
l> and low tcc re tu lt in lower power con»um ption c o m p a r t  
to  other high tpeed op tocoupiert Logic *>gn*l* are tran*. 
m itted with a typical propagation delay of 160 n **c  wf>»n a 
120 pF peaking capacitor I* u ted  in parallel w ith the 1 1K II 
currant lim iting reaiitor.

The HCPL-22001* u te f u l for l»oUtlng h ig h  tpeed  l o g ic  in te r -  
facet, buffering of Input and o u tp u t  t in e * ,  and Im p le m e n t in g  
I t o ta le d  l in e  re c e iv e r *  In h>gh n o i t e  e n v iro n m e n t* .

Recommended Operating Conditions

Description
Tht HCPL-2200 It an optically coupled logic gate that com­
bines t  GaAsP LED and an Integrated high gain photon 
detector. The dotactor hat a three ttate output ttage and hat 
a detector threshold with hytteretl*. The three ttate output 
eliminates the ne«d lor a puilup resistor and allowt for direct 
drive ol data busses. The hytte re tlt providet typically 0.1

Power Supply Voftage' A C V c d * 43  1 *20 y Volta .
Enable Voltage High HSLVtM». 2j0 TO*7) MVoft* V
Enable Voltage Low W.M* A lV u -*» »'0 1 | 01  •; WVon*
Forward Input Current ’-’Cs AViowiV; 3 # mA
Forward Input Current t ‘<>i * Z L *.4.l fs < fm A  «**■
Operating Temperature /  » .a?TA r ' <yo; m g .
FanOut •*.:*>»r.v ;-. n  : : r J l L ~ 4 'r TTL Loadt

Recommended Circuit Design

1 » x l l f K  k> l I T T t

Electrical Characteristics
< o- C• C 1 -. f ' - ’ C «»  v •• Vcr •. ro v i « ........ .
C. ->* -. i * I I  •. 0 i *11 T r f ' t * ’ * at t»  •  J V C  vcc • IV

Absolute Maximum Ratings
N o O p ia tin g  Ho<)u>'rd up to  i0 * C

Morago Temperature ......................  . . - ! iV C tn M 2 S * C
Oi^-.tt.ng 1 rmpciature ............................  -40*C to • 8 i ‘ C 1
Le.t.1 r«,»<1er Trn ipcralure ..........................  2C0‘ C lo r 1 0 t

1 0 mm b illo w  te s tin g  p iano
A w ia je  F n rw a id  Inpu t C u rren t — l i  ........................  10 m A
IVak T i.v in cn t Input Current — l> ................................. 1A

■ • . ' p t Pi i Iip  Wiflth, 500 ppt
FWvrite Inpul Voltagrt ..........
Supplv Vott.ign -  Vcc ..........
T h i* e  S ta le  L n .ililr*  V o ltage

— V l ..........
Output Voltage -  V o .............
To ta l Package f ’ownr
D ’tnpation — f  ...................

A ie ia g r Output Curtnnt ■ lo

i s  } ( i v  o o  v  • v n
• i t  nin«'*>t<» i t ^ t ' i

...............................  SV
0 0V min . 20V m.i«

•0 5 V nun . 20v m j i  
■0 t v  m m  . 20V n u i

?10 m \V  '
. mA

f tym bo l •ajn. TfP Mat. UMIt Tr4l F iQ uiaj Not# |

A  I • iIn - jc  i  r *  O u ifu t Vr-nage VlK 0 #* Volt i l<* •  6 4 mA 4 T14 lo  v.'t
t - T ' n  ;i> Output Voltage VOM } * VO»l% IO« •  *2 •  »»»A *V0 m - VrC  ^1V 3
Ouiput Leakage Current
V cv ’  *  V cci IOmh

100 h a < 3 < !__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__

l» •• S mA

V r r  *  a Sv 1soo #*A v o -  ?ov
W-O'C Enatae Voltage V«m 20 VoU» 1
log -c  Lee E n jb i*  Voltage Viv 0 6 von* ■........ t

Lo » c  ti-gn Enatye Current <tH
----------- 70 »*A VfM « 1  7V ■1

100 A v j n - s s v

004 ?f.O #.A v rM -  rr jv
lOQ'C Loo Er>*r>*e Curient I I I •0 32 m A V i*  *  o a v

Logic lo w  Supply Current ICCL
4S 6 0 mA Vcc -  5 SV l l  *  0 mA 

V i -  Don t C u t75 mA VCC •  K N

lo » c  H, j n  Supply Current lcc«
2 7 45 mA Vcc *  i  SV l» *  S mA.

V | •  Oon t Cai#3 1 6 0 mA Vcc -  20V

M gn i-np«<ijnce Stale 
O i / w  Current

l o l l •20 »A Vo *  0 4V V |n ■ 2V.I* •  S mA I

io ; m

20 mA Vo •  1 4 V

Vin  •  2V. 1* -  0

I

!100 *jA Vo -  S SV
500 nA v o *  ?ov

L o *  V x x t C«cwt 
OulOul Cu»i»"< io v

n mA vo  -  vcc  •  s sv
Ir *  0 mA 2 j

40 m A Vo •  VCC '  2<JV
Log t  H.gn C«eu4 
Ov.'lpwt Cu«r eo» lOtM

•10 mA Vcc •  5 SV Ir •  S mA. 
Vo -  GND 2

mA Vcc •  20V
l-X^/l Current M frlle rev t W | 0 12 mA Vcc -  SV a
Inpui r ( v w t 'd  Voi'ege v» 1 5 1 70 V o 'ti l i  ■ 5 mA T , •  ?5*c s
Input n#ve«M 5<e«><Jown 
Vonage

v» 4 VoHl la -  10 »iA at Ta -  2S‘ C

Input O tx le  Temperature 
Coert»c*#nl

iV «

J T a
.1 7 mV/* C Ir » S mA

InputO u lpu f So" 1 ,A a s s  n n .t -  Si v 1<5- j k v  ac.tA-2 i 'C 3. t

| OfrT 010 Viv j 7U30 V»MS RH <  SOS. 1 *  t mm B !
Input-Output n *v v a n c e n. o 10 ‘ i Ohmj Vi-o  -  SOO VDC 3 !
Inpui-O ulput C apee itaxe C. - 0 06 o f 1 *  1 M H i V i-o  • 0 VDC 3 I
Input Capacitance Cm W Of 1 *  1 MMj. V» -  0V. P int 7 a no 3 I

"Fo' JEOEC pant
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Switching characteristics For C TC S  T » '» ls  « *C .4 S V S  V c f i  3W. 1 •  * I . O *  t  i  > *K
0 0 mA i  I t iO f t )  S 0 I mA. AJI TyrxJH <1 T* •  2VC , Vcc *  5V, lr,owi -  3 mA ( W t i i  oi hmn n tm k m c * * *

*yWx* w Mu1l v t u s i nvura
7 7 7 C

u t

jCPTopa^attoft OUtyTknt Jo ) 
l^ L o jio  Low O i/put L»«<a4( S 5 M

'■710 .* 
♦ 1 8 0 '

C tX '^
< x o

YMvx/t r» —VX3 C*p«a*or 
.MR fM U ng CaoacAor ® *

•V Propa^atKxi CM«y Tiff)* to*
W « S

ilT O ♦ »\ty viMhout ^*«kV^o C m W > < » * *  • 
**w\ f~n‘ m  Cepecew.'l.'k'l r*»<» a w

> - Outpot EnaW« TVn« to 'V t ’ 
W  High

J 3 L J

W P
M O -

j r : > ; • H f c J

•'Output CnabtaTtm* 10JUC- 
i Logic Low T8 » T T > ! S % « » i O 0 8 » V

i M i
■ » »

Oulput D iu U l 
Irom Logic High

M O ,
V .

Oulput OlMbl* Tim* /■• 
Irom Logic Low ^

; A  
* • !• { '!> 5 " ^ . s s p a s f s w s ? *

U ,

Output Rim  Tim*(IO-JOXI fc.'A.  ̂ M  . . V t .  T - • > •.11 'V  .*

Output F»« Tim* IW-10%) k V • IS * /  n t • '<•» i •••• ’■ : > - • *  * V*“ . v  V « .i i 4 • • J .

. Logic High Common Mod* 
Tr*n»lant Immunity

I ^ U ; . 1000 JOOOO
9 5 }

Ta f  » * C. If - 1  •  " A  JJVJ V’ '  
VCM-SOV

M .IJ

Logic Low Common Mod* 
Tr»r>»i*nt Immurvly .. . , Ic ^ ! ; : 1000 10.000

riv *
v/*» . Ta •  rr c, k  •  o • !■ ■*»;;. v

V tM -M V  r*- •
1111 , M

V* TF - i*,
s t V f* ••w k. i* • I M  r .

ft: r*‘ •S e y

r /fc* ... • #. A
f' * !

V. f •** I •r
.A i -<* A *

; i J / ,1 -

> V
it K V ■t *

• n m m m
t4 - - ’e

r i f lu r t  1  Typlcd log ic  Low Output 
Volt»g* r t .  T#mp#r*turo

V, .  VtXTAOl - ¥01 Tt

Flgur* S. T y p ld  Inpul O lod. Forward 
C h .r .c t . r l i l lc

T, .T IW IU IM M  - • *

Flgur. 7. T)rp4c«4 Propagation D .I.y i v*. 
T.mparatur*

Flgur* J. Typical Logic M»g*i Ovlput 
C u rr.n l <1. T .m paratur*

»»ult / ------------------

s ™ ___£ ~ — ^
Flgur* ft. Tm I C ircuit for tp u * *FMG V  
•nd  I,

Flgur# 4. Output Volt *90 n .  Porword 
Input Current
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C x n  * JI
k >—

kfED V :

I^ut vy
L jw B -

0.4 *•« MKOI »«■

•* H '  A*O U
Tr/o iitN  t yy LUi?*»

F.gur. I  T . . I  C tr tu l lor tp * , .  Ip * * . l ^ j ,
•  od l , u

r r
4*«ff
*

*v

y

d.'

£
*

• • f

7 95«
R
A'
V

\k

•ifr V̂
X %t

A i s: ■Iif%
*•

•
. t f« n e -

" "

f*gur« I I .  Typfcaf F tfl Time n  
Temperature

* -

•; '-4 ', $ t *U » * ? v
c p -

■ ? '  i

&
>
w'■im
%i m

mi £ • n

$ $i f t
%».r

♦« - M ie iu n iN  . *c

F ig u re *  Irp*«el lo g ic  Low fneb ie
Propegal»on Deiey r% Temperetur*

f lg u r*  t t  T#«t C ircuit for Common Mod* 
Trerttieot Immunity *nd  T yp ica l
W •reform*

C 
G a

OAK W  •*» I r»«
V  l»V I • ■

m  *  (M

F lg u r. 14. LSTTL lo  C M 01  In la rla c* C ircufl

I

5 11 \ I *

4.

it
£̂j• H

Q
>
»*v

i„ i ?
y.
> ■I I 'rf*h

i

i -
i * I I f

* rv

i %>■M -M 4*V

• -• JA;

’ « -  f l te iM fv * !  . *C

Flgur* TO. T L o g i c  High Cnebfte 
Frop*g*t»on Deiey n  Temperature

II
IE

A t ) 4l»nr!*i ’ "  r  '
JT * ; i v

K'. -V *

» • * W * C '^ iv
^ fv . *' tC*

r t r i - V ^ it> :  * .  \
■ ,*'■ ■T ^ , m ‘ . ‘^ i r

•c.;^ ..•>4

. - .V! • i- t-“*

•  104 VOllAOl -

Flgur* 11 Typical Common Mod* 
Tranal.n l immunity r*. Common Mod* 
T ra n tl.n l AmplMud*

F lgur* 1$. R *com m *nd*d  LCD 
D rlr*  C lrcu ll

F lgur* I t  S . r l . i  LED D r l* . with 
Op*n Collector G a l* ( t  04 K (1 
A .f la lo r  Shunla l0M trom  Ih * LEO) 

Th* 1?0 pF capacitor may h* om.tt»d „  app i-ca ion . . h a r .  K O  n t  p ro p .g tnon  o , i , r  „  v jff.c .en t

1]
3 DATA y 

r«m/T ✓ “
rr^
0*

L i l t
3
3 orie

co iifctod
OAK

Duration Of OulOUt ftAon CM Curt *m e t> xxx j not •  »r»*d 10 "* •
0*v»c* eo'-.*oe*eO a fwo term.ne» oev«ce t»nt I. 7. 3 4 »s*xted 
logeiher arvj p » t S, 4. f  *nd •  fthoned together 
The I»vh p»op*94t.on 0e<«y n  t,om y> \ {*>«< on me
**J.Ag eo>« of m* ->oo< lo the 1 JV po** he te*o«^g eO^e of
tn« Ooipot pv>*e The Uv*. p*ooegjbon Oeuy »« meet^eo ifom the VOS 
po.h« on the trvbng eoge ot the *npul p u m  »o m  13V pont on the

#»>̂ e o* û e c ^ t^ i 
When rrs* c«oec<ior It om.ned. p»00*g«li0n 01 ty t<met mey
«n<fee«e by <00 nt

*• N  mit'W uw  rete of n»e of me common rr%oOe vo<t*ge Ih4t c^n 
b* e«th me (A/iCH/1 vonege m the »og.c »ow Vo * 0 «V..

'e^*_T '4Wmum ,#1# of fM of me common moo« ooftege met c#n 
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Features
. HIOH CURRENT TRANSFER RATIO-2000% TYPICAL 
. LOW INPUT CURRENT REQUIREMENT -  O.S mA 
. TTL COMPATIBLE OUTPUT -  0.1 V V0 t. TYPICAL
• HIGH COMMON MODE REJECTION — 500 V/*i»
• PERFORMANCE GUARANTEED OVER TEMPERA­

TURE 0* C lo 70* C
• BASE ACCESS ALLOWS GAIN BANDWIDTH 

ADJUSTMENT
• HIGH OUTPUT CURRENT -  60 mA
• RECOGNIZED UNDER THE COMPONENT PROGRAM 

OF U.L. (FILE NO. E55381) FOR DIELECTRIC 
WITHSTAND PROOF TEST VOLTAGES OF 1*40 Vac,
1 MINUTE AND 2500 Vac, 1 MINUTE (OPTION 010).

Description
These high gain series coupler! use a Light Emitting 
Diode and an Intogtaiod high gain photon detector lo pro­
vide extremely high curront transfer ratio between Input 
md output. Separato pint tor ihe photodiode and output 
stage result In TTL compatible saturation voltages and 
high spoed op«ratlon. Where desired the Vcc »nd Vo ter­
minals may be tlod together to achieve conventional 
photodarllngton operation. A base access terminal allows 
a gam bandwidth adjustment to be made.
The 6N139 is tor use In CMOS. LSTTL or other low power 
applications. A 400% minimum current transfer n tlo  Is 
guaranteod over a 0-70* C operating range for only 05 mA 
of LED current.
The 6N138 Is designed for use mainly In TTL applications. 
Current Transfer Ralio is 300% minimum over 0-70* C for an 
LEO current ot 1.6 mA |1 TTL Unit load (U.L.I|. A 300% 
minimum CTR enables operation with 1 U.L. out with a 22
kv pull-up resistor.

Applications
•  Ground Isolate MoV Logic Families -  T T L /T T L , CMOS/ 

TTL. CMOS/CMOS. LS TTL/TTL. CMOS/LSTTL

•  Low Input Current Line Receiver -  Long Line or Patty line

•  EIA RS-232C Line Receive*

•  Telephone Ring Detector

•  117 V ac Line Voltage Status Indicator -  Low Input Power 
Dissipation

•  Low Power Systems -  Ground Isolation

Absolute Maximum Ratings*
Storage Temperature .................................. - 5 5 ’ C to ♦ 1?5*C
Operating Tem perature..........................................  0 C to • 70 C
Lead Solder T e m pera tu re ............................... ?60 C for lO i

(1.6mm below stating p line l
Average Input Current — I f ..........................................20m A I ' l
Peak Input Current -  I f .....................................................  40rnA

(50% duty cycle. 1 ms pulse w idth)
Peak Transient Input Current -  I f ....................................  1 0A

(<  1*/s pulse w id th. 300 ppsl
Reverse Input Voltage -  Vr ..................................................  5V
Inpu t Power D is s ip a tio n ............................................. 35mW 131
O utput Current — Iq (Pin 6 1 ....................................  60m A HI
Emitter-Base Reverse Voltage (Pin 5-7) ............................ 0.5V
Supply and O utput Voltage -  Vcc (P'n 8-5), Vg (Pin 6-51

6N138 .........................................................................-0 .5  to 7V
6N139 ...................................................................... -0 .5  to 18V

O utput Power D iss ipa tion ......................... ................lOOmW *41
Sm  no in . tollowine

CAUTION: Tht small/unction m a t inherent lo me design o lih n  
bipolar component increase! th* component a tutcaphbihty lo 
damag* Irom alaclrottahc ducharga (ESDI It i i  adviaad th tt 
normal ita lic  pracauliont b* feAen in handling and a tttm b ly  ol 
Ih it component roprevent damag* and/ordagradalion which may 
b* inducad by ESQ.

‘ JEOEC Registered Data.
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Electrical Specifications
O VER R ECO M M EN DED TE M P ER A TU R E (TA -  0 'C  to 70"C ), UNLESS OTHERW ISE SPECIFIED

460 ' 
VX3 1000

M ... Unit* Tm I CondiitoA« No«« ^

Cw»*h *i n«iso CTW 6N IW X
1, - fiXm A,~V0  • ff 4V. V cc  * 
l f ^  1 6 mA. V q  • 0 4V, VCC • 4 SV

I f  ~  T *m A . V 0  * 0 4V. VCC * 4 5V
3 5.6 1

1io o 1600 \

1 i»«»
Ov-tpv, Vo4lfrf« VOL

ftN lW
0  1 
0  1 
0  ?

0 4
0 4
0 4

V
I f  •  1 Im A , Iq  * 0 4mA. V cc * 4 5V 
I f  •  im A . I0  •  15mA. Vc c  - 4  6 V 
I f  *  I JmA. Iq  •  J4mA, 4 5V 

T f  *  i  4m A. Iq  *  4 4m A, V cc  *  4 5v~

t.J
1

#
_ t u \ in 6 1 6 4 “ V i

1 .|A 
C >Om ‘

fi.NI 79 0  0^ 
* 6 1 “

100 ••A I f  • 0m A, V 0  -  VCC * 18V
ex 0 1 260 I f  • OmA. V q  * V cc * , v ft i

i l<m  
C ■CCL 0 4 mA I f  •  1 Im A , Vq  • Opan. VCC * 5V

8 1

'CCM 10 nA I f  •  OmA. Vq  •  Oiwn. VCC * 5V
•  i

V o 'l<94 V f * 1 4 1.7 V i f  •  t A mA, r A • y / c 4 i

» v „  • s V l«, -  1 0 . A. t A - . ’V C

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

Ol » N r ^ d  V ft'l*^*
A v r
i T ; • 1 ^ m v .C ■f •  1 6 mA ,

* * *4>wi C*oa<sia»«a CiN 60 ... 1*1 M il l ,  V f •  0
Ovipv/f

i ' - t ^ ,at»on
l| o ’ 1 ma 4<s * i‘ i  t •  v* v , 0 - i i v r :  

» a - W C
7.11 ,

I OPT 010 V110 v nun «»< •- W \  1 * 1 m.n 12

OwfOwl) Hi 0 10 * (1 V, 0  •  M O V * 7

C«c»a<.ianca 
Il^>f>*if Output) C| 0 0 « Pr 1 • 1 M ill

'  I
* I  .1 -  »• ;  : isa 'li

Switching Spe
A T  T A  :• 2 5 ’ C . V c c  *■

cifications
5V

••a h  i,n < * i»  •• t a . c ,**1 * 5v  *<n.»n

P*  (m ett)

To t ftg-< I rm  #1 Oufpwt

Sir#*'. Me#». T r p U«.t» T n r Cond.iKjn, Not*

^ M L *
6-N1 Y i

0  ? 
t 6 "

1
‘ “ 10 ’

- •
I f  - otm A . « L - 4 n i l  
I f  • 17mA. r l  • ?;on 9 6.8

» i Tf - 1  t m K. R l  - > 7>(l

P 'rxs*g*'-o* 0 «Uy T^ 4  
To IngK  Ou»pvt *^LM #

ftN IW ia
7r o - - .

60
7

i f  •  o im A, n L - 4 ; m  
I f  • 17mA, nt  • ?fo il 9 6.8

15" mi Tf -T  tm 4 .  ( iL - }  }«rt
C/ifl'm rtn T*am»ani 
Immwn4ty «| Lo« 4  Mrg* 
Iry a l Ou*pwl

|CM„| 600 V/mi
i f  • > nA . n L .  n Cc * o 
^ t m 1* ' 0 VP<) to 9.10

Mm)« Tt*At4«it 
Lr«fK LfM

l#V*l Owtpwl 
UOTIS

|C M t | 500 V/»*i I f  • 1 0-nA, n L •  J.7k(l, Rc c  .  0
V c m '-  .0 V pl)L 10 9.10

1 I- *** .I*  •!*>,« *0 ‘ C
2 O m u 40’ C >•••
3 ls*>ata wk>v» 2S‘ C
4 liKM'lv »r>Or*

• lu

l0rr%e* 4 tu
l#«Vrilu 'i

n»»04'
o» 0 7mW/*C 
0* 0 lrr>A ' C 
o' 2 Om/. ^C

DC CUM* C M  TW ANS^tH MATlO at in# f i t n  o* outoot co lte rto ' cogent. In . to in* io t+ i 'O  LE D  input cu<
7 Op#n

O r.« » ro m « j» .w  < tw o t fm in a ld ro c ,  ».ni t. J 3. im  4 im k im  105. 1m . and P.nt 5. 6 . 7. «nrt 8 mo>t»d to g 'fie r.
O u  o ' a M M H 1 pm 5 tnd ? n ,u i i r i u i i  g i.n and da.ar i.m , s». Aooi.rat.on r.ota 901 t lo r mo>* data.H
C-ynmonmoda Pant.ant .mmun.lv in Log* M.<,h ia *,l *  tha m ..,m um Ima-an'a io o i. li.a l .IV ._  'dt on tha laad.na ado.
Oulu. \ crr>, Id n w a  Ihai th# output w.H i n i «  ,n a Log.c Hkjh itata I. a . v 0  .. 'j o v , Common moda tu n , . , . ,  „ m u .

/dl on in, I.a.i.rvj n „  mod# Pulia »«sn#l. Vj,*. to n u ' i  mat tna oII in# m ja im um  to ir« b l»  ln#«*»tiv#) <JVC 
m * Log* L o *  fia t*  V o  < 0 BV). 
in ace lea tion i * h r t  dV/UJ * .c ^ 1  SO.OOOV/»,» (»ufh a« «t4l<« rt-vrfw '}*) 4 % 
th* 0#*»Ct0* 1C O tltruC lN fty h»Q»> *u*0* T .

Tn s it j  o'oo* i*\t Thit rating it tqua?ly V4 ; 1 tatt
O r ' Or  0*'/ flata tr> ^ : IO' mo»c info#ma!>on

3-S6

t Cfxn'non mj. 
n Loq-c 1
utDut #»•!! >

•♦1 HCC- 10 ofoti
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Inpul Dkxta Forward Currant
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TL070, TL070A. TL071. TL071A. TL071B, 
TL072, T1072A.  TL072B. TL074, TL074A. TL074B, TL075 

LOW NOISE JFET INPUT OPERATIONAL AMPLIFIERS
OM«) l | l t  ■MVilD JAtAJAAV ( f i t

19 DEVICES COVER COMMERCIAL. INDUSTRIAL. ANO MILITARY TEMPERATURE RANGES

Low N ot** . . . V „  -  IB  n V /v H i Typ

High Input lmp*<lanc« . . . JFET-lnput Stage

Inu rn a l F n ovxn cy  Com pentatlon  (Except 
TL070. TL070A)

Latch-Up-Free Operation

High Slew R»(* . . .  13 V / j *  Typ

I 'jv¥ Powtr C onium ptlon  

"•■d* Common Mod* »nd D iffe ren tia l 
"J ta q e  Hnnqa*

•  . ,w  Input Bia* and Off sat C urran t*

•  .'j'.put Short-C ircuit P rotactlon

• ' 37* fo u l Harmonic D is to rtion  . . .
' o03% Typ

•  ’ .'.-.mmon-Moda Input Voltaga Rang*
if.iudti VCC ♦

isscnotion
• ■ • jf£ T  input operational am plifie r* m tha T L 0 7 _  ten e t art designed a t low-noise version* o l the T 1 0 8 _  

; . i> j  ampiilmr* w ith  low inpu t bias and o ff*w t currents and last slew rate. The low  harmonic d istortion 
. hi iow noise make the TL07__ sane* ideally tuned  a t amplifier* for h igh-fide lity and audio preamplifier 
‘ •mentions Each amplifier fe a tu ra t JFET inpu t* (for high input impedance) cpupled w ith  bipolar output 

ins ail integrated on * t in g l*  m onolith ic chip,

' •; M suffix devices are charactentad lor operation over th* lull military temperature range of -  55 °C 
•• I25°C. 1 he I lu lfu  device* ar* characteruad lor operation Irom - 4 0 #C to 85*C, and tha C »ulli» 
' v r r s  sti* cnnmcivri/ccl lo 1 operation Irom 0*C to 70*C

a v a il a h i  o n o m
r----------

T \

PACKAGE
V|Q max  
AT 75*C

SMALL
OUTLINC

101

CMIF
CA^mcn

IfK l

CCMAMIC
DIP
U l

CIAAMIC
DIP
UQ)

MtTAL
CAN
(U

PVAtTlC
DIP
INI

PLASTIC
DIP
IP1

r iA T
PACK
IW)

o c

,.J.*C

10 mV 
0 mV

TL070CD
tlo /oaco

TL070CJG
TL070ACJ0

TL070CP
TL070ACP

10 mV
0 mV
1 mV

f io n c o
TLO?1ACO
TLOM8CO

TL0 71CJG
T1071ACJG
TL071BCJC

TL071CP
T1071ACP
TL071BCP

10 mV 
»J mV 
)m V

TL0/2C0
T1072AC0
H07JOCO

TL0/2CJG
T1072ACJG
TL077BCJG

T1072CP
TL072ACP
TL072BCP

10 iiiV 
A n.V 
;i tuv

TL074CO
TL074AC0
T1074BC0

T1074CJ 
T1074ACJ 
T1074BCJ

TL074CN
TL074ACN
TL074BCN

10 tnV T1075CN

• 4J*C

1^-c

b «»V 
ft mV 
0 mV 
6 «nV

UO/OiO 
T1071I0 
T l07 jl0  
Tl 07410 T10 941J

TLO/OUG
TL071UG
T1072IJG

TL074IN

TL070IP
TL07HP
TL077IP

:.S-C
10

6 n»V 
0 mV 
D mV

n o 7 iM m
Tl072M fH
U074MFK T1074MJ

T1071MJG
TL072MJG

1L071 ML 
TL072ML

TL074MW

Ti.i* o oack*o« i« •v*.i«bi« ue*d *r*o r*«i*d. Add in* iu Mi* A to in* o«vc* t»p* i*  q . TCO/1 Com

’ "lOUCtlO l O IU  IM IW M II tM IM M lH M IM  * .
n |( in * ,  t iM Hti u i i i i *  i t  -r~ 'm 'm

*•»*!.««i>*m pm IH »*»• •* T«I»I Uttr»*««U I E X A S
I n s t r u m e n t s

•■Oft 0*»< l M l  t l t o u  • 0 * u * V  »I»A*
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T1070. TL070A. TL071. T1071A. TL071B.
TL072, TL072A. TL072B. TL074. TL074A. T1074B. TL075 
LOW NOISE JFETINPUT OPERATIONAL AMPLIFIERS

E
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t l  0 70 TlOJiJA 
0 JC O* p M C *A I 

I TO* V I *N

t iO M  n o n *  t i o m i  
O JC O'* *  *A C *  MCI 

»TO* V H W .

? io »i  not:*  n o w #
O JC O * * ’ A C tA C t 

no* v*wr»

VCC

r CO'-'O M  0 " S f  » . . f.c r  o u t : • ^  • :  vc c
. VCC • r ,  ' r v c c  • <  IS i ; i * Owl

. 0 1 . C l'f * '  l - v . L » j  IS
• C" »Sf T Or • *.C t • v cc  : ' *• 1 'S •

1 AM^v 
\ "
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ITO# VK «i
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',s ‘ ?
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' ,s ‘ ^  a m i*;
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T l0 7  1 
M  PACKAGE
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1 1 <>■>' ■<

<C
IN - ] ' >C
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LOi.T [ I

r 01' ’ 1 *

111 L -  
vct : ;
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T lO  7 2 
9 *  PA CK AG l 
|TOP V IIW I
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NC
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, T e x a s  
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T1070. T1070A, TL071. TL071A. TL071B. 
TL072. TL072A. TL072B. T1074, TL074A. TL074B. TL075 

LOW NOISE JFETINPUT OPERATIONAL AMPLIFIERS

*cfi»m»tic lo c h  amplifier)

!  S

H

----------V— —
U 071 ONIT

C l •  10 P* ON TI071. U 072. U 073.
T1074 ANO H 075  ONCV
COMPOMNT VAIUCS SHOWN ARC NOMINAL
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TlOTJ IIACM A M M U N I 
T1074 i f  ACM A M P lllltA l
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TL070. T10 70A. TIC71. T1071A. T L 0 7 1B.
T1072. 7L072A. 7L072B. TL074. T1074A. T1074B. T1075 
LOW NOISE JFET INPUT OPERATIONAL AMPLIFIERS

•  b to tu t *  m a x m o m  o v t r  o p « 'a ) in g  !» • •  • »  l i m p t t i i u t t  ra n g *  lu n ia i t  o th a rw lta  no ted)

n o t .  m n o ? _ i
U 0 7 _ C  

T 1 0 7 . AC 
T107 4C

UNIT

W f» »  + -***?• ,  ik M  S*«« 1. i p 14 in V
W i  •**»«*•• i t# *  w «  »• •  14 •  i t -  14 V

(*#-« H a lt J i •  70 • JO • >0 V
i »h  M m#* l Ji t  1*. • i s • i s V

(>«*••««* A« |V » t  I lM  ft+M* 4 \jf+rr**r<i
C o« i^w o..«  lo m

ItM  • *»-*<%#« | I m»* • ■ i s . . - 40  I *  # % 0  •« »0 I •»
Si«v*o« i •**««•••«**• - t S i « 1 ^ AS lo  IV X .  A fc t.. tV 4  •(
C AO »«< I t  »#• * 7 f.,. •• -

1*44 1 4 11*14 * * * •  1 * ^  c m i  lo* 40  i ^ n M i J A .  «- 
W
0  N «w 
►

x x j >00 .VO

760 700

L#*<J 1 A ^  l l  10 *1 I t m  I I I *  <9* to I  p * t * u # }O J

N O TtS  I A« »oM»9« v * k * «  rn (t»g 4 t. «•<<* »• Hs* M > w l  *CC
3 CM>»f*nl>* VOtt»9«« **# *1 I t *  M  r lr * *  • x * / '
J I n  ol trx  »0«*V« •« « I "•»•> | I ( » M  IX  •< t*>» IW < ,  ,«< M > •  I t v ,  «  w it
4 Th# output m .T b> th o r lM  to <x to n n .  i „ w ,  t . ~ « - » i o . .  o- n x i l  M  » i m  to t n >u. .  

If'#  d 'U D iliO A  t$Ung ift fsOt •  •(•♦<*♦ J

0*tI^ATKTN  HATING tA 0 t l

PACKAGE Ta  *  2»*C
POWfA HATING

DIAATiNQ
fACTOA

CHMATt 
A0OVt Ta

1A -  f0*C  
POWTA AATIN0

t A -  4 4 *C 
POW t* MATING

i A .  m - n
fO W f A KATlNQ 1

0 (0 p*nl 480 mW I  0 mW. *C JV C 4 54 m*V 37 7 mvs N A
0 <14 p * | 600 mW 7 6 m W "C 40 *C 400 mW <4 04 mW N /

fK 680 mW 11 0 m W ‘ C 00 *C 000 mW 000 m»v J75 m \\
J  JT107..MI 680 mW 11 0 mW'*C 00 *C 400 *W 010 mw 27S mvv
J UN Otl*r«| 680 mW 8 2 ^w /» C 67 *C 0S4 mW 1 3 ) mW N A

JO IT107_M | 680 mW 8 4 m W /‘ C 00*C 6 77 mW 04 0 mW 710 (*‘.V
JG UH oih«f») 680 mW 6 6 * W / ‘ C 4 7 *C 170 470 «W N A

I 680 «W 6 6 mW’ *C 24 *C 070 mW 42* mW 105 m y
N 680 fnW •  7 m W i‘ C 70 *C 600 »W 600 mW N A
P 680 mW 0 0 mW'*C •»*C 640 mW 070 mW N A
w 680 mW 0 0 mW #C 4%‘ C 040 *»W 670 J00 1

. T f.x a s  ^  
In s t r u m e n t s



National
Semiconductor
Corporation

LF444A/LF444 Quad Low Power JFET 
Input Operational Am plifier
General D escrip tion
Tho 1^444 ouad low powor operational ampnfi* p*ov*)o« 
mnnv of !ho r.iima AC characteristic* as Iho industry stan- 
CJtO LMH8 wh*!o (jroatly improving tho OC CharacimisK* 
Ol Iho LMUO. T>o omouiiof has tr>o w m j Dandwdtn. smw 
M to. and coin (10 t>11 load) as mo IM M 6  and on»y o /.i*s 
Cno fourth tho suociy Curront o l tr>o LM U fl in add ton ih# 
//oil m.ucriod h.oh vO'Mqo JFET input dovcet ol IF 444 
roduce ino incut b>a% and ofisat curror.ts by a facto• ol 
tC.CCO ov*r trio LMHft Tha IF444 atv> h .it a vnry low 
OTj.v.iinni mput no*so voitago lor a low po*«»r ampi.fof 
Tl.o LT444 is p.n compatipio with tf»o LM Hft 4,»oww>q an 
,'-rn*’'),atn 4 times rmuO'On m po*«< fir a n rt>#ny «ppi< a-
t:'}M \ ?r*0 IF  *144 ir.OwKj t»0 uSn»J * h m f* v c r  k ; *  <J \\>-
I tiioo aoo i jr .o f l c h a 'a 'to n M .c s  ar a tr o rr»j»^y con-

Sirr.olifiod Schematic

'/ ,  Ouad

Features
■ V, IuOP»y CUtent o l t  L M tiS  ICO nA/Amoi.fHH |n

lO « rf'Out lu l l  curront 
m«j*i (j«ro 6ar*)«*i<)th 
M-qh ti*w  rate
low  rv>\* voltage lo» lew power 
L »  <nout n o n  curront 

irput irrpe<Jance 
M«yi gam Vrj *  i  10V. PL -  tCk

JO p * (rr« .| |

I Vi 
35 "V /, 

0 01 p * /,  
10’ 

50* ( r
•U

C onnection Diagram

LF444AM O/LF444CO/tF444ACN/lF4 44CM 
D ual-In-line Package

Ordering In form ation
LF444XYZ

X iinlic.lloj iMi'ctncal tn.ida 
Y indicator U-muoraluro rango 

■ M" I of military. ''C" lor commotci.il 
Z imlicalct p.ickaqo typo O '. "M " of "N "

Top View

Order Number LF444AMD. LF444CO. LF444CJ. 
LF444CM, LF444CWM. LF444ACN or LF444CN 

Set NS Package Numoer 014E, J 14A. M 14A. M14B or 
N14A
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A bso lu te  Maximum Ratings
ft K«rianr/A#»o*©•<* »p«<it*#<i ffQ v»#d
contact h»t.o/>*i S#m<oo<iu<to« Si>«i 0 »**f/
O atr*ovto/a  tor a*»«ut>*My *n<j i (>*(i Ik i i >o a i

MP*<hag« 
|So««4) |*0*#4)

S*XK+f ••0* *  ; • 
0 *»«#a«.ji inf*./ rfrMj, 

vrvLi >* »«»*+) 
i \ i 

Ca^p-i V x * i ( ,# r„ i 
i•#'“•#»; i

l'0 +  rt C>W-T4* ^
 ̂ *»vj *,

T , ^ 4 .

•• a (T

U  4 4 4 A

• y  #

• r#.

0 PacfcaQ*
>.«J rr  »%

ISO C 
1CCC/VV

19 414
• tav

N P * o  a q t
t  ^  A

H V C
esc..*.

- e s c  . t ,  . m a cS’o^a'X*

t#4 I CMMalu*<> 0 ^
(Vw* to I

I  SO  to  b #  O r'r* rT W *'«3

tX>4' I ^ac*a;o 
10 C I 

S*n.»l ( A^t^Mi P4 0  
V 4 l ^   ̂ 'vavr t(S) w  c I

J10 n * .  j

AN 4S  ̂ ' S^t.vn M c ^ ! ^  Mvthiih a^J l»v^ f 
P *0 < k< t ' •C' C»*h^  ©’ * r  J

taC• (Jo^cr*.

:<4 L
?i* r.

DC E lectrica l C haracte ris tics I Not* il

Symbol
I

Parameter j C orx lition t
LF444A 1 IF 444

M « i Typ i  M i l  1 Min j Typ 1 Mai U" ' 1'

vos Input O i’ sr't Voitagn «S '  'C k .T * -  JVC _...} » '  i 1 3 i i r  i « ,/
0-C •- T . • • 70-C . . .  1 6 5 1 I I i ;  i it, i

-55 -C  i  1 ,  •, *  12VC ______ I 8 1 1 1 I r \ .
a v o s / a t Avoraoe TC Ol Input 

0»M«t Voitaoe
Rs *  10 >.ll

10 i 10 ! j i,V /T.

'cs Input C ’ lo l Current VS -  ;  15V 
(Noic* 5. 6)

T, -  25'C _______ !.. * . 25 1 1 5 i :■> , t -

T, -  70'C I 1 5 1 1 I t

T, -  125'C 10 1 ! ' f
•b Input B'a» Curronl Vs -  i1 5 V  

(Notei 5. 6)
T. -  25'C 10 50 | 10 ! ICO : 8-
T, -  7CC 3 i
T, -  125'C 20 1

Input Oesui.mce T, -  25'C 10'» i 10'? !

* v a Lnr^o S.gnal Vollago 
Cam

VS -  ♦ 15V, V0 -  • 10V 
n L -  IO M I.T a -  25'C 50 100 25 100 1 i V ' f .

Over Tomocratu'o | 15 1 15
Vo Output Voiiaoo Swing V<> -  i  15V R, -  10 M l » i r j  13 | i * t r • 13 -
VCM Input Common-Mode 

Vonatje Rnngo -
i  1C + 18 

-  17
1 i "1

♦ 1/. 1
-  12 i 1

Cf.'PM Common-Modu 
Hctr’ CliOn rlntiO

R<! •. 10 Kit
80

"
100 70 j 9 j ! L

PSRR Supply Vollago 
Roioction Ratio

(Note 7)
80 100 70 90 ; ‘ c-

's Supply Current 0 6 0 8  | 08  1 10 1 m-

I
I
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AC Electrical C haracte ris tics  im0i«5)

f.ymbol Parameter Condition*
L fl4 4 A L f 444 U n itt

Mm I TfP Maa U*n Typ M ai

Amplilitrlo-Amplcliw
Couolmf)

-  1« -  1W dS

S ic* A|l« V , -  i  1SV. Ta -  2VC - '
V/,»a

n .V Gain fl,(rv)w*1lh  Product Vs -  t  14V. T» -  7VC ’ ’
MHf

1 Cnuivnlcnl Input Non# Vollaq#
1

Ta -  JVC. R^ -  I0CII
1 -  1 kM/

34 35 n v / . t i i

I E^u'vaionl Input No-1# Current T« ■ ? ! ‘C 1 ■ 1 >><i j 1 0 01 I 001 pA/,HJ

•M i pr*— %m \c«K •'♦*1 If* *t ' • ' J i ' V *
r r)i is* can o* <0 7 « A l *» «»*■  *
• *  4 t l  >K»*M
r < II •*»•«•>) ic-"X>*-i\f* tf<4M i>*»**i f *  L«««4 or' a

i **i/«*ve r 1* *  *>*v» m*-*: 
<• •rvNxd «rrt fea

.» (•«■ T r<« l r 4<4A *  r> fcyy*' IM  f  rr*v«»<s®i IK /*  **r*ja
1 4 4 % •« • *.lt 4 « IM f »a^#/* (V>t '  *0 **" ( • ’ •

.—f*# A C >*> »'H 'h« 'ri}#  •" M **V
*.•*•>• O'**

?•*»!• ft: I^ M M  O '^ irv* *4>~C+<*4 INI •«»•<•** • I 
■ n » a ^ l I • ̂  «*• at V 'M - 0

•••>1# ft: Tf^ <V/ Un art »*vt^* •••**>• •*■<* 4mXM »W »
»• . / ' • o *  |#»*| •*»  If*  r t> ^  t>«« Ck/'*'’ ** •»• CCr****»««J tn MX ww •* '
-r«»a<u»« »♦ a ***»/» o« ^ t - * * *  i>**ca«m* T( •  t *  • * ^ * 3  • * • » •  *  r»# *
• -«  »».|...| ,* » I t  • ■% W) *««•« >• I

.•«»• /: S-rfM** •*>"»••*» ■* *'*•*#•■1 •"* *-«■«» ^
••*!*>• I* WO l» 44a %**| l-o*» i ,V-V to t SV *» r># If 444A 

' O’# ft Hr'c* 10 *• I. 1̂ 444 A 4 »/■* 1/444*MO f«W*r> lf^ < » l/M
■I >t# t  Mai >*e»* (MviMio* •« t*» f*a»#r P**

~m wM<r«* o« •*
I V I ' I ^  -5*-C ( t o  WVC T*« 

* *  r'-vwyi %jk• *«•**• ^  r * »»?• *vc« *  «*• o**<« 
•Vll*r»}« In* '***«•'> ‘•'*T»»'4U*# '4"Q* •• •* 0

r*o I OX *  ***  ksx.*o*  ••r^oo«»*\xo Tt (>/• to n»*1o0
r#m« oc**a*A*t n">o m N r  »»^x^ra,»i»* '•♦•4 abov# ar»̂ ><»»̂  
0 " * *  » « W jn c *  ►'yn *o U ** Ot •  n#*t •*

n t ^  i i m / i im o t v i  ^  arctJ^da^c# ••tn co^^v jn  p**< t>C« l»nw

'm v  U i<  •*c ^»  O«%^.aio« cavM  tr»« ra 'i  to cv» 't

Typicn l Performance C haracte ris tics

Input l i l a t  Currtnl

COMUUH »0M MXUU 1*1

P oillive  Common-Mod#

?l3Z 'j
a

r jf i ix i Juwiirtiucim

Input BUa C u if in l

l ln f lM IU lt  ( Ct

Ncqatlv* Common-Mod# 
Inpul Vollaq# Limit

S€ 
* ■

13
Vi
31

Supply Current

s um ? voifA&i i * «i

CJihii i©«KI Cu«H*t i

E

2-IO i

L
F

4
4

4
A

/L
F

4
4

4

Typica l Perform ance C haracte ris tics

Ntgattvt CwK»tnt L>mM CK/tpvt Voltag#

t»»n* rtt'au  | | f

e*
f r.

I t - ftwtfyl (Q|9 ,

j ( j .  ,n , , • M

^  I *  "

• !  •  •*• * • ; ■  •*-----------
4# .  1

____  »a ii %; '

l i S o N j ~ ' <  '■ *  6 p

- » ■  ’  -1 ' ^

1 j  i i i i w ^ v V 1 M

l ! I l '  l l V s
- I
• IM 

- IM

:  11 
l

-  » •
1 » •

T • '  ’ * ~ J — ■

tf»n*aruM f*Ci M l * * * *  (Man

»u • n i  n m it im <ti
t|«M»*'uM f f ,

O ltlo rtion  v» Frequency
Undifttorted Output 
VoltJig* Swing

9a
Cc
H

Op*n Loop 
Ff#<ju»ncy H«»pont»

V-&5

Common-Mod# 
R»|ectlon R»tlo

h
\ i
l l
tt

IH  I0 »  I I I  I t#

Cam O tnd w d lh

Power Supply 
R p itc lion  R.ilio

E qu iva len t In p u l 
None Voll-iq*
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I ,3ulse Response - lOMi.Ct. - topf
Small siqnal Inverting Smalt Signal Non-Inverting

Typical Perform ance C haracte ris tics (Comm î

Open Loop  V o lta g e  G ain Output Impedance Inverter Settling Time

Large Signal Inverting

LF444A
/LF444

i A pp lica tion  Hints
Irv t n  • i  o — c*'-**■' r c  a~x> *  «•» J* f  T #<v*

j a *-** 10 • * M  lr«»w i j t  I  I % h *»a  «a»on » **•* w» t*#a«
• *(*« Q * 1 *» lo  • 'V i O i ^  » y r w ^ ! ^ )  |»<

n*-*«3 • '*  t a "  C \ a<.*0 \% «**• 1* « *e '0»«» Ul*0^  r y ' r * * * *
Wa» r<»yt » V * l r '  te n  • i V ' f  l«» a c f fv n m o ij '# < l «*"W r< A
U-0*  /N
c*/1 i  /v).<wOi><««t ©I |N» lunr^V ►•'‘ • • t f *

• fNT-fNo* f*« | f ^  *  to  10 
l » *  r w w '. iS f  A l *»H f  J jV0 »#'<>•» M  
*V»l(»-Mf Wl«lC«\l'frt«) /-I
£ rw o it 'f *  Ctyrvt*y\ /▼*>*• i/-v4 cn r  ••«■* /

• m . lO'C r l»*» <>/?•#* to « t e n  i U ’ti (v>t»**\|.a f d ^ / s j  J

o» O ^a t*  lo  U«# 0v»*C*4< fr#C #M O/v) \r« nr )>• *0
( o w w  ►**,! cn  b o 'h  ^ chj’ % tc *c * t ^ *  a " ' t - 
o^ 'D ^ i to  a v a 'e  in r** ir.c« c a t*  *>•<% a 'a '* * ' c<c\*

| t-'** i| V.'''] ^<-jt ba<* wi't'.n tr̂ e to~v*v>*> m>|<t ran-;i*

| a i *  n t->/i ihe f  tAit i M  irxjt the a*-r>* •<•« *, a n » » n  

O Oo'al**) m od*

f the povt™* common-mooe k»r»i on a I-/VJ-#

•net rv>i cnar^fl lh«> phawi ot the ouU*jt rv?»«-,rt it t^ 'n

mpijtt eicced tho Unit. the output 01 emfji.irfw m"'I be 

tc'c<vt to a rwjn jute

The am pM ^rt ».n ot-e>at* with a com m on m o le  m<xj| viyr 

age equal lo tho povtrve luppty. however, the gain oand- 

•rvr.h and »i*w rato may bo decreatrd o  INt corvnon 

W h e n  |hn noqativit common modo voMago »wmgt to »nth.n 

DV ot Ihn nogalrve supply, an mcrea»* m moul olliot vollage 

may occur

Each ampiil.rx n  individually b ia trd  to allow normal circuit 
opeiatmn w>th powor supplier ot 1 3 OV Supply voitaqoi 

than tho ie  may rtngrado Ihn common modo rnicciion 
and ro ir ic t  the output vonaon swing

Typ ica l A pp lica tion

tf%# grr,C*4*** • <  O V «  g 10 III IfVM iV# 10 ! 1-V 

Cv»* lfy> »o4 !C ^n u *^*U > •  » f! |f>« *1 *C»CC-3 »0
0»«vM ^ J t r ^  kcvJ«) CvX»#o\\ rv>*«*r«. n f t * jw  r>pu1 
0«*M’l *O<,.J0O OCCv> on r«* »*vyj *rxj

iom crs *r\ k  w «  k<r.| on t*c^h PC vt»s<* nr*j

|W#
P*<KJw<On% % fvxA l b«  U **>n lo  0 ^ o I fv jt po^<*» WO 
C't *0» t ^  »niog>*to<j c*Cu»t tn < fv r^ | »r*rtvcfl n po* 
U'>tf frf t^Jt uM  »t not rfwi#*n«nl»v «n»U: c<3 
«n a voc ot a t ao onUm>i#d Cu»»*nt %<xq<* tfwCvC^ 1̂ *  itW I*
#*0 *r«n*vd «ntfw> in«; iC COumI C-i\j \P fut*^ 01 t^C

•rtv in *! CCn*JuCtM% aryj rc \o !1  «n g (JCMfOy^d 
B ^caw .n  irw»\n sm oh t**t\ * ’ o J f£  T tarn** tna^ ».*0Sc CT 
•^ ^ t  oo l^<*v 0 0  not u-qu^o vo*K.ui hjr.o r*;

A% fnott amp».i.«M%. »nou«d ho l i - ^ n  ^.tr> ic i ' l
rV o * .\ ( C ^ p o r v r n i  p i* c * * m r n l * r< j f u p p 'r  OOCCuP .nrj »n O'- 
d»»f lo  «r.%ur# ftte ity l'ly  f o t  # » i r r p ic .  »0*wM0<% ’ fO^n m o  o u t­
p u t lo  an  irv * jK J  b #  p 'a c^ O  n>th tf»n DOC* C»0%* to  trv.* 
r< M  In nw*rr./o  p< h up and mafinwo too f^CQw*^C/ Ct 
Ifv# ln w t i> | 'k  pn»rt by  r j  th e  CapaCita^C<* I ' f m  lr»t.
*x * il 10 C'O'XVI
A lon*rtwa'-ii po<«» #% C'«*at«<) » n # n  ih «  iro fJC aC * a 'C vy^l an/ 

t% to*u%bva Trv» paraual roi«%unca j»̂ yj Cap^c* 
la r < 0  l»0n> lf»# *X*A q* tn #  0 ^ v < #  (u vxa iN  to #  m von.nQ  *o. 
p^jt) lo  A C  W»1 Ih #  t 'O O v tn c y  Of th a  p f  <* ,n  n^an<
•n\tanc«?% IN# ffo < ju o n ry  <>f th - l  PC*# »» m ucn  C 'c * * t r f th a n
Ih4» a tp ^ to d  3 d ll ira<7v<»nr.y of th# ck>n#d toco q i n gnrj 
COn\nfi»#nn:iy |h^f# i% n#«]i«9* t'4 tt le c l On ttlf.i-ry  mafC 
Mow«/cr. »l lh« f#«dbaci po'4 •% t#%% than *rc f C*>maU‘ ,y C 
timt)% ihn oapcclod 3 00 lf*K»uancy •  u»a<11jra c  ter ihowlJ 
bo placed t'om tho outpol to th# mpui of tr« co *~>o Tno 
vfliuo ot Iho adOod capicito^ ihoukJ b# r / n  ih.n loo Pi 2 
time c o n itm i oi ih«s eapAC<ior and tho fo \jiu n c c  a cafan«.i*. 
is groatof than 04 equal to tn« 0fKj»nai looocacK po*o trr^.* j 
constnnt

pH Probe Am pllfie r/Tem pera turt Compensator
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Detailed Schematic
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SEMICONDUCTOR
TECHNICAL DATA

MOTOROLA

p l a s t ic  m i d i u m
SILICON THANSISTOR

OC t »•>»"( G i«  - ►( |  • ; *  iM-«i •  if- . i  o a *  
C o ~ ir r~ .n i. ,  r , 0 U Jl 3)0

m a x im u m  a a I ings

MJE520

3 AMPERE 
POWER TRANSISTOR

n p n  s il ic o n

W - w

VCI 0 JO
"< • >0

i " * " -  * —* v l  • « 0 v *

• N i*
•c ) • * *

3 0 A *

U.» •  TC •
*0 «

0 )

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

«* *c
^  tm*s •M  «  <iw> •c

Th |  UMa l  c h a a a c t c  m is  t ic s

to­ Um
An<li»<yi r« I .M #iC ft 0 *CV»

(L fC T ftlC A L  CM A«AC11BUTIC» i l t  . n« c  . . . . . .  . .

c - - . . . * .  I u ~ ~ .  I w .  I I u - (  1
o k  C M « « » c t in .» i ir t  --------- ‘------------1---------------- 1

t I t i i im  UiurfhAf i l l
••c • ,0°  " ' * *  '« • Ol

yUO<w«' 10 V«*

Umtm 1*M  Cwi«M 
IVcj, • X> Vdt 1 , - 0 'c»o - too

Im.u* U l« l l  
•Vt l  * 4 0  Vd». lC • oi ' • • 0 - 100

on c h a r  a c  t ( m s T ics

0CC-..W O
I»C • 1 0 A«C. VC| • 1 0 V«rl

n • “

1 J0*  «  Ox«» C«m C I H

t CCftimuACtMNtC* ■*•

(itrti* - 
c*.-

; J >M rA M  :■ t J . ;h . i - . . . iv , .

3-886

M JE520



MOTOROLA 
a i SEMICONDUCTOR B

TECHNICAL DATA

D e s ig n e r 's  Data S h e e t
Power Field E ffe ct T ra n sisto r
N-Channel Enhancement 
Mode S ilic o n  Gate TMOS

T hM t TMOS P o w .i FtTi » (•  de«ign*d lo i h .q h  v o 't .g . .  ►'•0*' 
spued o o w fi <*vitcnmq jc p 'ic a t io n t »uch *« 
convenor*. to m n o 'd  and le l.y  d n v . r t
•  Silicon Com to< f  a it Sw itching Spe»<l« — S *» .t<h .rg  T.m .«

Spnolicd Jit 100 C
• O f f l in e  I  D i l i  — IDSS V o s io n i.  V ( ;5 i,h | » " ( ! SOA Sp«<.l>*d

frm p # u lu 't  
.  Huiigert — SOA .« l*o*<«i O '«» .p .t.on
•  Sonic* in  D u in  U.oil. O . i  »cl»f./*<1 <oi U»» W .th  ln d < x n * . L o .d»

M AXIM UM  RATINGS

A»tm|
1

l i m M
M TM4S4% MTM4NV>| 

MTP4N4% 1 MTP4NW |
Unn

k“ ;n “ “ f T T o ^ r *  * 450 j WO 1 Vrtc

C’ A>'« I |K I  VmiAO*
m r,s -  i M m

VoijN 450 VX) Mi r

Gill* Source Voltage Vf,5 • 70 Vdc

0*4"* Current 
. Cu"tinuOu» 

1 fV«ed
'0

'OM
4
10

Adc

I Toni Power D't«>pat>ort t c  •  J5 C 
| .‘5 C

f 0 75
06

Watt*
W ‘ C

1 Oovr jttAfj end N'oriQ* f#mt>«#elure Aang* »J 65 to 1W •c

THfRMAL CHARACTERISTICS
.--------------------* —
1 Th»’tr»iAi Ho%'«t«»»*» •
| litm Imfl , „ 0 > .

Ji ii i i lion In  Am!>i«nl 10 704

to  JJO

»-<c 1 67
c w

* « JA yo 

is? 5

| M.mmum L f. 'i l  1 (**no#»*tiii«* I o ' SnMi-'mij 
1 I'm nnM . 1 f i>i>mcj«i> Inc 5 Mtnno* 1 , l

c

MTM4IM45
M TM 4N50
MTP4IM45
MTP4N50

TMOS POWER FET.
4 AMPERES 

'DSIonl -  VS OHMS 
450 tnd  500 VOLTS

A  ''

'var^

MTM4N45 
MTM4N50 
CASE 1 05 
TO 204AA

CTO-31

MTP4N45
MTP4N50

CASE 221A 02 
TO 220AB

0 . •  O.ta "•«»» c»*« • C -  t*** 0*vQn#« % 0*«a %*•">«% '** • -
• OOŵ d*'*«» *>* U**K* t*4»a*l#r.*ltf t  — a»e # * " * ' * **•  ,w '  ***

MOTOROLA TMOS POWER MOSFET OATA

3-405

M T M  MTP4N45.50

l l tC T R > C A l CHAAACTt XiSTlCS 1. C 

O-l CHAIUCUMSt<»
»• **»•

• *G '-
V.BM.OS!-

/..€> <4«* V .»# .r I*-, - J ......
»vt .r. P ...«  »t^ <  .

O j v  b. I ,  1 * . .# * »  It*

O K ' B tf-lf t * « W H  C w "»M  H*

ON CHAftACTt MlM»C**
(J4«r it i% Vu'^W*

•vp* vr,*j •() 1 *•**
. t j  100 c
I St#** D»j n S*•«*«# 0 *» •
♦ *0 ViH Ip  • )  A M

1 Dram S ou'(* On vo'tag* • v «ts •
do 4 '
l »0 • 2 Arlc T j . yy ) c

V V trtm -I
1 > \  
1 (■

V •

forward T»jMi<o.wiw<ta'Hr 
IV0 $ • is  V. l0 - ;  Ai

'  *
1 ‘

f.*4l«

DYNAMIC CHAMACTIHISTICS
1 input Capactantr

IVqs • 25 v Vos • o
, i*r

i Output Laoar.tanc* c « *
[ R#y#r*#i T ra^ilrr Capactan,* Cm . - #»
SWITCHING CHAHACTIRiSTiCS* |T^ 100 Ci

Turn On 0*<av !• rra - V M
f \ , \ t  Ttmf IVDO • 25 V. iq • 0 5 Reied 'o  

B0„  • 10 o n - . '
l ig u i t l  U  t~d 1.

- ir-.*

Turn OH Oaiay lim n

ii

- 2SO
Fail Tim# -  i f ' -

Total Gale OarQe
lVc«i - 0 1  h f l  V05S 

l0  • H*l«<1 '0  VC*  -  '«  VI
°9 - t . i " j : fC

Gat* Sourca Chj'y** Q.,. H i t , , .
Gata Dra>n Cnarga S»t I 'O u 'f  *?

Og/t 10 l» w -
SOURCE DRAIN DlODl CHARACTIRISTICS*

Forward On VoHag*
I'S *  '0  

VG5 • f'

VVJ 1 1 |T „ , | t 4 v :
forward Turn-On T*rra 'on l.m .i. f l r*f %t*a# rvj
Rtvarta R#cnv«ry T.m* r *  . „  “ i >0 i t . n - n»

INTERNAL PACKAGE INOUCTANCE (TO 2041

Intornal Or#-n Inductanca 
(Maaturad Irom |h * contact on tn» h r t r tu  { ‘Ot** 
10 th* ftoufCP pin and th« cantar of \ ^ r  0 • '

i t ..

h —  ‘
. • ■ . •

Internal Source inductance 
(Meetured Irom the tou'ce pin. 0 25' Irom tn# package 
10 the tource bond pad*

i t U  » it,p> -

INTERNAL PAClCAGE INDUCTANCE (TO 2201

Internal Drain Inductance 
(Meatured Irom the contact acre* on tab to center of d<el 
(Meetured from Ihe drein lead 0 25* from peefceoe to center ol d-ei

J 5 iTvpi 
.  5 I l« p i

-
nH

Internal Source Inductance 
(Meatured from the tource lead 0 ?5‘ from package to tource bond ped 1

I , 1 » IT ,p l -

•Pulae Teat: Pulae W-tfth *  300 tot. Duly Cyt»e •  TV

n B B S H a B B B B Q E E IB

MOTOROLA TMOS POWER MOSFET DATA 

3-406



M T M - M T P 4N 4 5 .5 0

TYPICAL ELECTRICAL CHARACTERISTICS 

A

ftg u rt 1 On Region Ch§r»«ter»ttKa Figure 2. Gate-Threahold Voltaqe Variation 
With Temperature

y
3 =

Fi«|u»t 3 Trantfar Ch«r«cterittict

Tj. JVjSCT ON TtV*f«A Tf*f , Cl

figure  4. Breakdown Voltaqe Variation 
With Temperature

VU
5
a
•J A

319
/  «•

Figure 5 On-Re

*. ..V C S  *1 t
Fiqure •  On Retitlance Venation 

W ith Temperature
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S A U  ORC RATING A R IA  IN I ORMATION

Figure J M*
S *'»  Ov+I 0Unq Aims

FORWARD BIAStO SAFE OPERATING ARC*
The I0 S O A  c u rv e t d e 'm e  th e  m a t.m u m  d ram  10 

to u rce  vo ltage  end dra.n curren t m et « dev.ee can u l . i ,  
handle w hen ,l u  lo rw a 'd  b .a ted . o> w hen .1 .« on. p. 
be ing tu rned  on Becaute Ih e te  c u rv e t inc lude  the l.m . 
U lio n t  o f n m u lle n e o u t h.gn v o 'ta n *  and h .gh  current 
up to  tho ra ting  0 l the f le „c e ,  th«v are e tp e c .a ii,  u t * i „ i  
to  d e t 'o - ie r t  o l linear tv t te m t  The c u rv e t a>e b a ted  on 
S ca te  tem pera tu re  o l JS C and a m a t 'm u m  ju n c tio n  tern 
perature o l 150 C l im ita t  o n t  lo r repe titive  o u t le t  at var 
io u t  [ J t«  tem p e ra tu re * can b« D iK m .n e i)  t r ,  u t.r.g  the 
therm a l re tD o n te  c u rve t M o to ro la  A p p l.c jv o n  Note 
AN569. "T ra o t.e n t Therm al R e n t ie r * *  G eneral Oata and 
I t i  U te "  p ro v id e ! deta iled m ttru c t io n t

SWITCHING SAFE OPERATING AREA
The tw itc h in g  ta le  opera ting  area IS O a i o l F,gUf*  « i t  

Ihe bounda ry  that the load  line  m av Ira ve rte  w ithou t 
incu rrin g  dam age lo  Ihe M O S f E T The lundam en ta i l im . lt  
are the peak curren t. ID V  and the  b reakdow n voltage 
v IRR inSS Th» tw itc h in g  SOA th o w n  in  Figure S i t  appii 
cab le tor bo th  tu rn  on  and tu rn  ort o I  the d e v x e t lor 
•w itc h in g  t im e t le t t  then one m ic ro te co n d

The | « * e i  a v e ra g e d  Over a c n m f i . t r  tw . t r  h.n i| CvC'e
m*a%| I 0 t « | |  t» * jn

___Tc
"«JC

i. T)Mf |m»i 

f igur# 10. Thermal R ttpom a

MOTOROLA TMOS POWER MOSFET OATA 
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f i g u ' t  11 C jp *o ta n c «  V*#t«f»on

c, c o  o

F ig u i*  17 G ila  C h i ' f t  i m n i  
f i l l *  to  Souf C l VotlAQ*

RESISTIVE SWITCHING

Figur•  13. Sw itching T#tt Circuit Fmjui# 14 S w itch in g  W lv t lo r m l
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SEMICONDUCTOR
TECHNICAL DATA

MOTOROLA
NPN

TIP120
TIP121
TIP122

PNP
TIP125
TIP126
TIP127

PLASTIC MEDIUM POWER 
COMPLEMENTARY SILICON THANSISTOHS

lo t (i u m d w  i m p i i l i f t  ##*»! U***
«|it>l»4 j I h MU

•  M D C .  Ckm»«m (*«••' -
h, , • JWH) | I . il l  I .  I(^ • « o A.t,

•  Loitf* lit* I m . lln  V jH t.nn.<| V o iU  n' . f t  ID 0 m A>1
v ctonu>i ■ oov.k i m .m - t i n 7b t.»w *.

• B 0 V .1 r lM .n l l i t ’ 171 ’  IP 17'.
- 100 V ilr  IM .n l t  IH I77  I H’ l?  I

•  I fM  ( ^ l l l l f f l l i l  f .M .llff t*Jt.ll«1<0'. Vll.|>g4 -
v C ( lm l  * JO  V .» i M j . 1 •  ip  • JO A.V 

• 4 0 V ilf  I M . . I  »  IC • SO Anr
•  Monol.th.r. C onttfuc l.nn  w .ih  B .i.it In II

!ifiun | Dm .il.H I

•  TO 770AB Co>n|>«t k « •
•  TO 00 L n i l io im  A lio  A .* . i h >*»

DARLINGTON 
5 AMPERE 

COMPl EMENTARY SILICON 
POWER TRANSISTORS 

60 gO 100 VOLTS 
65 WATTS

•MAXIMUM RATINGS

M u U*-I

f h**m»l M ii i i i ia c i  lo Cs%* i*« x; 1 or wCAr»

1 h*>mal HtniUMt, JwA<tio« •«» Arr»*j.#»»i J A C7* °C ow

M l IC -  I A. L •  100 m il. f H * •  10 H i.  v c (- •  TO V . M „ r .  100 II

T i l:d*4 
* - r  r

Irfi:
I "  .

T1

I «W t • r** mmH *i «
* t0*»•

. • j i i . ; * - . . 
t  • i *• . t -v  . c . •>:. '

* J *  . . k..i
Lt-* . ».** * ’ *
□ u - K  — IH - I "  .  ; • *  
L_l_i_ J* i-iM  J I 1 * ' 1- J J .M  ^ 1^  in  . iki .
^ - I Z l . 1  * IH  i  I *  j
r * in  11/1 ^L t -O H i- j f  I i «  i i w .j
_ i4 - in ^ _ u . i. i^ r ir» J  
_LTjf-i-lf’4-i»T 1*4_J_LJ » i_UIJ • «».iJ «. 4
~ 1 1 -1 !  i »  I J L - l i w J

CASE 221A-04 
TO 220AB

3 -1 1 0 0

»c 
CO

tif
C

iO
^ 

cu
»

*l
*r

TIP120, TIPI21, TIPI22. NPN, TIP125. TIP126, TIP127. PNP

n o u M t - A c t iv i* ic iO ‘< iA H O 'i« *r i*G A a iA

' •  1 0  it m u  n n  K  u  i|  iki

VCI C3lUCI0« IKilTI • >01 '« ll

F 10 UR I  •  -  SMALL SIONAL CURRCNT CAIN

In#.# •>• «*•« im (►« itu ^ i h#o#|i 0* j
"♦"W'" •••• ►/* • «»»* l«i»»
'X 1* iwMM •*»!• v | |  i-««il| i l l  «U  l l f i

»»•***•» M  s . » 1 , ivy» r. t r ,
'** (l»**MO'l !»a ih»I |0*i»i|oam |..»||« l.n.h j.« 

t #< • #«»#« IK« nut >* 1 4* At I..y% . ,w r.j.

*•** •*  '** • * * • *  l*"'*i*i»»»*» !•« v k o»v|

n r.u *c  7 -  CA^AClTANCt

• ’ 8'  . j  ; • ») « rt v

* •  • I v M '. l  O l l i C I  V J lU ,
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TIPI20, TIP121, TIP122. NPN, TIP125, TIP126, TIP127, PNP

NPN
TIP120. TIP1J1. TIP172

PNP
TIP175. TIP lJe. TIP127

tlO lXtl I -OCCU««INT 0»IN

t'CUHl IS - ’ON VOl T AGI ft
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SEMICONDUCTOR
TECHNICAL DATA

MOTOROLA
NPN

MJE200
PNP

MJE210

C O V P L l  M I N I  A M Y  S I L I C O N  P O W t R  

P L A S T I C  T R A N S I S T O R S

' ” ” *  h" ' 1—  h r  * ”
*........

•  i ............. ........... ...............................

'M l fl. . . • i " - . '  ■

•  ►«. !•• hl  i ..........  M M ........1,

in

•  I .1* I.IHI.I >,» 1 ............ . ......  .

W.l IU '.  II J ........... .. •

0  »'i v •. I*.*.............

S « .  ".V

,* li A

•  Hi'pi (;.,ni-.i (',<.« n , ' . ' « . i " . l ' i .  

I| ■ li'j ‘/ll| iM .... 1, li .1

•  A.otn'j. C ■..>11.u* I .>** **** lit.v i .  til]* - lv" Hi Ifjt) . A.it *  It,.. .1 V (;b

M A X IM U M  HA TINGS !i! 
f

 

«

i|

! . « «
_  v ' -  _

Cw '-KIih Hit* V** • * *
.  Vf  - «

v.*

1*011#! »0* l*Mt*. V M M vri VM

1 .*.»••• H.w ' I f V *

..... ” •
C

A .

J A.V

Io n ' Ao*** D'M Pii"*" * If • 25 'C 

(>•♦••• #(•«»•• 7 V C

1*.

0 1? *  °c

Tot«i 0'ii'OtiiA" A t A • 7 V C  

(>#••1# #«>*• 7V*C

1 ‘y 
0 01.*

A|M|

t* nc

Ol»*'*li'l|ll'llSllW<V* K'Hl'li" # » s • ISO « c

l M l M M A l  CM A n  ACT E RISTICS

u*»«

t h^itiji M||i|iii>i t AiMi (■on Ml f *M 1 »« “r *

f •  Inin linn iu A«•*• ••#«•( ■■•.I " A L. :• * .

5 AMPERE 
POWER TR A N S IS TO R  

COMPLEMENTARY SILICON
7*> VOLTS 
1b WATTS
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MJE200, NPN. MJE210. PNP

ELECTRICAL CHARACTERISTICS |TC « n °C  . . 'n .  > » . . «  w m i

C*##M ( # » • « « • « j I M.« j M i*  j Un>(

OFF CHARACTERISTICS

Co't#c to# € #n«tt»# Sutl «•*•#%* VOMAfA 1II 
i l£  • 10 #nA'lc. '8 * 0 *

v CC0»*w*i Vdc

Coll#<tCK C uto 'l CwMfAt
IVco # 40 i |  • 01
i v r>0 • *0 V«ic I f  • 0 T j  • l?S°Cl

'c no
i no
HO

#»Ao< 
»A Mr

IV || | • A 0 VcJc. »c * 01
'9 #0

MX)
#i A.k

ON c h a r a c t e r is t ic s

OC Cu##t«i Ga»o i M
n c  • 500#*«A»ie v Ct  • i o vo«i
f ig  * 2 0 A le V c f • 1 0 V iVI 
Oc • S 0 AM.:. V f f  • 7 0 V .v l

* •  1
to
4S
10

n o

C o ilA lli* fcm.ttA# Situ#AI.OA V«vt*9« I I I  
l»e * iOO ("A ili,  Iff • {tO#” A«KI 
n c • ? 0  Ailc ly  * <00 #nA,Kl 
; ic  'j 0 a .k  M| i O A .k i

V'. f  ’ IAI1
0 J 

0
1 1

V K

k #tiitt»# S4U##l*oo vo n * /*  » h 
II,* - rj  0 A lIt 1,1 • 1 0 A.lcl

V«C '1411

Il4\* 1. »t».|t*» <■)»> Vo'!#•)• ' 1 •
1';; • ;  0 A .ir V r f  * 1 0  V.lc )

OM | 1 A

DYNAMIC CHARACTI RISTICS

C'l»#^'*t l*4«n . II .•• •• t%% •• • t *% fttMlMl 1 l? l
He * 100 t"A .k  V,:k • 10 V.w l f#1t ♦ 10 M M II

’ I r s •.«*«/

OuliK il C « t*. tA#y r
IV c h  * 10 Vdc'. •{ •  0. 1 • 0 1 MH#i M i f  ?00 

MiE 710

Cc„
»»0
1 :0

I I I  PuM# l# ti WOlh • 100 »t Oulv C*c»# * 2  0% 
* 2 M f  l h l# l •  N#*»i

FIGURE 2 -  SWITCHING TIME Tf ST CIRCUIT f ig u r e  3 -  t u r n  o n  t im e

::n
c

>*r

T-eJ
A

•n «M A( * * * '• •»  Id u l  I * •*! l l lM « IO C tl*« » 1 l I I  V II

Ui vn\l M I a .1 tnvi •» l»«  i  
•<*•» n AAQvl •« I*"1 -A

V .(M "» "M O  l l tO . t lA  l» l* A  

ll)A  AS# I IS I ( lA ( l | l t  * |  VI AM A ll  r O IA A lf l l l
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MJE200. NPN. MJE210, PNP

M GURI 4 - tM fM M A i C IV O N M

I  iG U A I S - AC t  IV I  P I C  10*4 A AC A

I two %*%**• *•- •
I*o•' ! * • • , ♦ * s>

( sM%9% iW li' f t  • (  • ' f  •»
"H.M b* o n t f i t i a  *n» i f . i t t i t  

*•*»«*» *v»t b# w l« « t t#»1 to f  t t t » i  <Mt !«#*.«••, • .

t 0*<J •»••** V#« ft**! t»»«* i|OA* « 
lit* f>w»f r f t»tl »*» l<>*. p*o*xttol 1 JIJH , • IT

hf*»n »*>t 4 « l |  »A * ^ ,11  4 * i  "  V  • •
• **»*"'t‘  • **».|*t*l*%  !**• |HIM< I***' I
• *•»#* t*#* !•*# 'W(-IW1 tl« t*.

ncunc « -  t u r n  o r f T im i

fc COltiCTW CUMtNT WMPSI
001 0

5
5
»
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MJE200, NPN, MJE210, PNP

NPN
M JE200

PNP
MJC710

*  (S u it ': *  t >*»*•

'c C011IC<0<CUOI<II '*VPI
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■■ S E M I C O N D U C T O R  wmmmmmmm— m i
TECHNICAL DATA

MOTOROLA

>. v. Deaiffner's Datasheet v-.-v
£

S W IT C H M O O t IM SERIES 
NPN S IL IC O N  P O W t R TRANSISTO RS

1 r>a % * i t  m im o i  % a» a da »<flopd »o» n io *  * o i i io p  *>gh.%pa*«l 
|w it(h in < | pi •rxlwClrv# C’lCw’t t  «*f\ara fa ll lim a  »nd AfiSOA a rr  
( f i l ic a l l^ e *  010 p « i|ic u tl> h f «%*ll lu ilv d  *0» liA f 00« ' l l f d  |M||(>» 
mart# •p t i iK in o n t

M j {  I6(X>4 aryl M J H I6 0 0 4  0 t9  h»gh gi<n *r»*.on% ol ll*«* 
MJE 1 GOO? an<I M JM 16002 *of application* 0'**a current
it lim ite d

lyp ica t Application*

•  S w ilch .ng  R ig u ia to u

•  H«gh R*»olution D rfia c tio n  C ircu it!
•  I rw a n a r t

•  Moto« D»iv*i

•  f  a t l  Switching Spaadt
SO n% Inductiva f a l l  Tima flf 7S*C iTyp)
7 0  n» Crottovar Tima <S> 7S'*C (Typ)

•  lOO^C Perlormanca Spacifiad lot
Ra«ar»« Biatad SOA 
In d u r iiv t  S w itch ing T im at 
Saturation Voltagaa 
Laakana Currant*

MAXIMUM RATINGS

R ating Sym bol M J l 160021 M JH 16 00 2  
M J M 6 0 0 4 I  M JH 1 6 0 0 4

U nit

Collarin' ( m i l  t a t Voltag a v CEOt«uil 45D VdC
Collado*• E m itte r VoMag* VCEV 6iO Vdc
Cm.nai Ba»a VoHaga V |B 6 0 Vdc

Coiiacio< C urren t — Continuout 
-  N a M t l

•c
'CM

$ 0
10

Adc

BaiaCun«n| — Contmuoui 
— PaakMl

•a
'BM

4 0 
8 0

Adc

Total Pow*r O ifttipation <8> T f • ?5*C  
Tc t 100*C

Oania ahova T^ * J4*C

80 I 100
32 | 40 

0  64 | 0  8

W att*

w /*c
Oparaiir>g »rn1 Sto iag* Junction

T*mp«i*tura Rang*
T#tg •6 4  to 0 4 0 •c

THERMAL C H A R A C TE R IS T IC S
C h a ta c u n it ic Sym bo l M i l U n it

Th#»mal Haaoiarvca Junction to C ata *»JC 1 S« | 1 2 i •c /w
Laid Tamparatwra lor Sddarm g 

Puipoiai 1 /8 *  Irom Cata lot 

ft Saconda

\ J75 •c

( I I  ?vh4 Tati PwlM w**r> • |  m i  Oxtry Cy«i« < 10%

D*»>go#f » Oata lor Y fo ftt Caaa ' Conditioni

Th* 0«tign«r‘t  Oata Shoal p#*mna lha o* m oil circuit* antiraly Irom ina inlor-
mation pratantad. Limit data — rapraaanung davica cnaracianttict boundana* — art 
givan to faciliiata 'W t i  c im "

MJE16002
MIE16004
MJH16002
M IH 1 6 0 0 4

t  0  A M P E R l

NPN SILICON* 
POWER TR AN S IS TO R S

4 s o v o irs  
to «A4 too v»*ns
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MJE16002. MJE16004, MJH16002. MJH16004

ELECTRICAL C H A R A C T E R IS T IC * l l f  » » ‘ C » "» '■  » « —
C t> W N I*n « N

C M  C H A n A C T lA IIT IC I Ml____

^C tllW IW  VOM»«« |l»<x» Jl
! H r • 100 " A  IK • Ot _____ ______________________  ________

i C •/•••< to* t.*t»ia*< Cw»»an«
I I^C fV  • *S0 Vrtc VMrMf) * I I  Vd<1 
I tV r t v  • *4 0  V i*  V „ f lo * ,  ♦ I 4 v * t_ T c  • 100*C| ^

• C >J»acio* L w io * Cu**a«i
• |V r f  • *40 Vdc « * f  • 40 H tf. • «0O*Cl __________  _____

| f  **.!«## *;.«•©»* Cu'*a*«
! iV iis  • a o vrtc • oi ____  ^  ^

4 IC O N O  B M  A *D O * rN   ̂ ______ ____ _ _____

• ••*< 1 '» * I  ____J »
| 4 0  a a a ' O A j j

ON CHAM A C T lM ltT lC f t  M l

' i c . M A < t (  | | > 0 )  A4 (| m j m ia *>u

I H f X t A H  i | 'O I S A a r l  M ^ f 14 .04
j • '£  • .* J  A4X • § • 0  a A , * i  M y f i r / f l /  M /M lf r fO j
. I 'C . J U M c  i ^ O i M d  M i l i e u *  M iH l M U
I tc  • .1 0  A *  1| . 0  a A4C
I f f  • K V C l  M j f  1 A O O J -M jM l*r» J

, .«o ’ J - '» ' 0 J A**
I • • 1O*C i M j« W V M 'M  ja«»aaa»4

~ T ~ z -  ' 1— ~tV~

I v c r o i i » i i
~ n

Vdc

I .. . . . .  .

0 1\ 

-

(•A rtr

I 'C M
•

«*»Art*

L - ................ .. -  ___
*1 t o 10 mA.fcc

I _____ __  - . .  — . • ............ ........
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£ A  Sem iconductor

CD4518BM/CD4518BC, CD4520BM/CD4520BC 
Dual Synchronous Up Counters

General Description
Th* C04HSQM/C04H8BC d u l l  BCO c o u n t* r  tn d  in *  
C041JOBM/C04JJOBC d u l l  bm try  c o u n iff t r *  im ple­
mented * t in  eom oiementtry MOS (CMOS) c irc u it !  eon 
stiucled «*>in N »nd P -chtnnel enhancement mod* 
trtn n s lo it.

ElCh counter consu l! o l two Iden liC il. Independent, 
synchionout. 4-suge co un te r!. Tn« counicr t l t g e t  a>e 
logoi* Hip Hops *nich increment on fitn e r tn» positive 
edge ol CLOCK oi negative edge o l ENABLE, simplifying 
cascading o l multiple stages. E tch counter c tn  tx  
asynchionously de tie d  by *  high level on the BESET

line All Input* ere protected a g im s t t la n c  d itche 'ge  by 
diode d e m p i lo  bom V00 »nd VSJ.

Features
■ Wide tupply voltage renge JO V to tS V

■ High none  im munity O t lv o Q d iiM

•  Lov. power TTL ten out ol 2 duving 741. 
comptlibillly o< 1 Onving 74lS

•  6 M H i counting u t *  {typ ) t l  V0 0 « tO V

Truth Table

CLOCK (N A D I | RISC v ACTION

y 1 0

0 0

"V * 0 No CMH*

* J 0 No

y 0 0 No (N H *

t *> 0 No
X X 1 01 t * u  04 • 0

X • Do* » Cam

Connection Diagram
Ou«l In  I * *  »nd H i t  P ic k H *

Order Number CD4518BMJ, 
CD4S18BCJ. CD4520BMJ 

or CD45206CJ 
See NS Peekegn J13/>

Order Number CD4518BMN, 
CD4518BCN, CD4520BMN 

or CD4S20BCN 
See NS Package N16E
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Absoluto Maximum Ratings Rocommended Operating Conditions
(N o ir t  1 21 

VD0 V*” *# -o i v h  . trv

(Not# 21

V ,s  l -0 IV  M Vf>0 • 0 IV V|N l*Out VtHltf* OV to v00
•m *c »• o w rc Ta

>0 9t0 ***• 0*«* 100 C04MIHM C04I70CM -M*C*«17VC
T  ̂l»«| T t O wtot* !  7*7* C C04*1MC.C04*?0*C -4crc •  *84* C

DC Electrical Characteristics cD a vsow c tm T ooM  (Not* 21

t r * t ANAMI T| A 1% c n  c tn c
MIN MAR MIN Tv* M AI MIN MAX

'0 0 VOO • 4V 1 001 i 140
Voo • ‘OV to 001 to yen »A
v o o  • i4 v 70 o o t TO 90) *A

v 0 l to«* I #•* CXiifVit v<y«*T* • 0 ‘ < 1 *A. VIM • Voo. V ic • OV
v o o * 4 v 001 0 004 004 V
VOO • »0V ocn 0 0 04 0 04 V
V o o *  »4v 0 m 0 0 (A o r * V

Vf)M ir*«« Ox.ipwi V 041*** !*0‘ < 1 **A. V|M • v o o . V l l  •  OV
voo • *V 4 W 4 H 4 4 H V
Voo • 'OV 8 04 t rv 10 • n V
Voo • 'Sv 14 tA 14 01 14 14 V

Vll Lo*% I m l  l^out Voi!*^* 1I0 K  l« A
Voo • SV. V0  • 0 SV m  * SV I 4 7 t t t 1 1 4 V
Voo * 'OV. Vo ■ IV <» »V ) 0 4 4 30 30 V
voo •  '»V. V o • 1 SV »  1JSV 4 0 1 74 40 40 V

Vim Hiflh L#>t* Input VnttAQ* I'OI < '  pA
v o n  • sv. vo-osv<»4sv
V on  • 'OV. Vo • '  v ni -JV

)4
> 0

)4.
7 0

;  ’ s 3 4 
1 0 V

V oo  ■ 'SV. Vo ■ '  sv 0. 13 sv 11 0 11 0 6 74 11 0 V

'Ol Lr»#l Output Cu»*#r»t V im  • V oo  Vll • OV
(Not* 31 V0 0  * SV, V O -0  4V 0 64 041 o u 0 34 m A

V oo  * 'OV. Vo • osv t 6 1 3 7 74 09 mA
V oo  • 'SV. V0  * 1 SV 4 2 34 18 74 m A

*0m M.«j* Lr«»< Output CuMtnt VlM • Voo. V ll • OV
(Non 31 Voo * SV. Vo * 4 «V 0 64 •0 41 0 sa -0 36 mA

V oo  • 'OV. v 0  • » s v -1 6 -1 3 7 74 09 mA
V o o *  'SV. V0 * O SV 4 7 34 8 8 •7 4 mA

•in Voo • 'SV, V|N • OV 0 1 10 * 0 1 •10 »A
V o o  • is v . v ,N • ts v 0 1 10 5 0 t 1 0 I* A

DC Electrical Characteristics c o 4 5 i8 o c /c o 4 S 2 o o c  in o i* 2)

PAMAMCTIR
•40 C n  c •4 C

CONDITIONS
MIN MAX MIN T vr MAX MIN MAX

UNITS

\ 'oo O uitu tn t D»».f• Currant voo • SV 70 o o t 70 140 *<A
Voo * 10V 40 001 40 300 „  A
Voo • ISV *0 001 M $00 *A

V0L Low L»v*l Output Voluo* noi< i «a . v i m - v o o - v i i * o v
Voo • SV 004 0 0 04 004 V
voo • 'OV OOT 0 0 05 0 04 V
Voo* ISV 004 0 0 04 004 V

v0 m High l# ** l Output VoH*9* Hoi < 1 HA, V im  • Voo. V ll • 0v
V oo  • »v 4 9) 4 04 4 4 94 V
v 0o ■ iov • 84 9 04 10 994 V

L vqo • 'sv 14 94 14 01 t4 14 94 V
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DC Electrical Characteristics iCo«t<j)CO4ji8BC/c04W0ec{No»«»

AO C 7S C rs c
l*MT|t ry r i * M tN MAJI MIN IV * M A I Ml* MAR

I  • •  1 *>*• Vah»* •o • 1 .A
voo Sv. o> OSV tm 4 SV 1 s 11 1 s V

VOO • <TV VO IV «• IV 30 4 S 30 JO V

vpo ISV Vo 1 SV »  1J Sv 4 0 t  TS 4 0 4 0 V

Vim H «r* t* .*  vo*t#*- K) » r *
Vf>0 Sv VO 0 SV W 4 sv 3S 3 S j  n 3 S V

VOO tov. Vo I V v ) V to /o ss ; o V

v 0t> • Sv Vt) l Sv 1-  IJ Sv 11 n 11 0 ft 7S 11 c V

*01 L«»A ln»l Og*|».l V tM VOO V ll OV
IS«|«I )• Sv VO 0 4 V os; 0 44 o r* o y. ~ 4

VfO tov VO osv t y 1 1 7 y» o ? - 4

v o o isv vo 1 sv I f . 30 1 1. > 1 •«4

»0M i».# i (>-,'(»wt ............. V,M VOC) V ll OV

iN n i#  )l voo SV VO 4 IV os.» 0 44 0 I I 0 34 ~ 4

Voo 10V VO 1 SV 1 J I 1 ;  ?s 0 * *** 4
voo ISV VO O S / }%• 1 0 R 1 7 4 -  A

•in In p u t Cl»"*«l von ISV V IN • OV 0 J 10 * 0 J I u • A

voo ISV V IN ISV 0 3 to * 0 3 i n *.4

AC Electrical Characteristics t.-ssx,Cv-sopf.R,.-2ooko.t,.i,.?on..
unless otherwise specified.

|VM»Ol PAR A M I T 1 R CONOlTlONt MIN TYP MAX UNITS

»PML. IPLH P'0P*Mt'Oh Of<iv T *m*. Oo<» •• 0 voo • *v 37S ISO

Voo * W 110 77S *»

voo • 85 1 70

l*M l P><*)»gjt.On 0#*AV T«m* A*wt •• 0 VOO * 4V ??0 SftO

Voo • 10V 00 730 *♦
Voo* 14V 6S 100

•7ML- ‘ T IN Tunt.tiOn T •»*« voo • 4V 100 TOO m

v0n * ’ Ov SO 100 n*
Voo • »4V 40 80 n»

•cl Miaiffi.im Cork l*ooI 9 »*qw#"cy Voo • *v 1 S 3 MH*

Voo* ’OV 30 6 MH|

voo* »*v 4 0 8 Mm /

tWL. 'WM Minimum Clock Width Voo * 4V 100 700 m

Voo •  «0V SO 100 n»

Voo • »*v 35 70 m

•acl » rc M tiim um  C'ork o* Cnaf'i# R'»* v o n * iv IS
*/vf f  «ll I  im* Voo * ,ov 10 u\

v0n • i»v s y%

IWM, IWL Minimum tnahi# P*t»# W-dth V00-4V 17S 7S0 n,

. v p o - io v ,, W.*- SS 1 in
Voo • *4V 40 ED

tWM Voo * 4V 1B0 37S |.t
Voo * 10V 80 ICO m

Voo * W 6S 130 n»

CIN Input GaoacManca Any Input S 7 S pf

Cpq Pow»* 0*»»'Pat*on Capacity ln h f f  Counts. (Not* 4) SO

N ot* 1 : "A bto lut# M uim um  R atin y t" a rt th©a* va»u*» tw yond w hich th *  u le ty  of ih* d *v < *  conoot b* #u*<*nt**d. Th*y *r* hot m #*nt to im p ly 
that «Ho p«vKn ihowHJ b* oo *'a t*d  at th**# i*m m . TK* t*b<et o f ,,R»comm>odod Operating Cohdntom ** »nd " l lo c t r k ^ l  C h **a c t*r i« ik i”  pro*«3t 
coodit»oo i lot actual d e v k t op***t*>n.
N ot* 2 : V j j  •  OV o n l* t t  oth*nw»** «p*cif»*d.
Not* 3 : Ioh •*«! ‘OL ° ° *  output * t a t»m*
Not* 4 : Cpo d«t*rmin#t th* no lood *c pov*t consumption of * CMOS d«v*c*. For a compUt* • ■pi*n*iion, t»* "MCA74C f  *m«ly Ch*'*ci*rnt»ci. 
application noi# AN -00.
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Logic Diagrams
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33 h a rris  HI-508A/509A
Single 8/Differential 4 Channel 

CMOS Analog Multiplexers w ith Active Overvoltage Protection

Features
• Analog Ovsrvottaga Protection................. 70 Vpp

• No Channel Inunc tion  During Overvoltage

• ESO Raalatant.....................................>4,000 Volta

• 44 V Mailmum Power Supply

• Fall Safa with Power Lota (No Latchup)

• Break-Belore-Maka Switching

• Analog Signal rang*.................................* 1J V
• Accata Tim * (Typical)...................................SOO na

• Standby Power (Typical).............................. 7.S mW

Applications
• Data Acqulaltlon

• Industrial Controla

• Talamalry

Description
The HI-50AA and SOW i n  analog mutt.plei era with Active Overvoltage Protection 
Analog input levels may greatly exceed either power supply without damaging th« 
device or diaiurtxng th« signal path ot other channels Actrve protection circuitry 
aaaorea thal a v ’al MeMy ta maintained even under lau It conditiona that woutd dealroy 
other multipliers Analog Inputs can withstand constant 70 von peak ̂ o-peak levels 
and typ«alty survive italic dischargee beyond 4000 veto Ogital Inputs will also sus­
tain continuous faults up to 4 volts greater than either supply In addition, signal 
sources are protected from short circuiting should multiplexer supply toes occur; each 
Input presents tkQ oI resistance under this condition. These features make the 
Ht-SOaA and HI-509A Ideal tor us* m systems where the analog inputs originate from 
erternal eqmpmert or separately powered circuitry Both device* are tabncaled with 
44 von dielectrically legated CMOS technology The SOSA la an (  channel device 
and Ihe 509A is a 4 channel differential verson If input overvoltage protection is noi 
needed, the HI-50# and HI-509 multipie«ars are recommended for further mtormaoon 
tee Application Notes 520 and 521

Each device Is available In a 16 pm plaatic or ceramic DIP. a 20 p>n ceramic LCC 
package

The HIS08A/509A are offered m both commercial and military grades Addition HI- 
Rel scie*mng including ISO hour burn-ln is specified by Ihe " -S "  auffla

Pinouts
"  " u  *  f

i t [ 7“ ^  II ) *1
(a CI IS ] »l

»iuf c ) U 3 CKO
m 1 [ 4 1) ] *V|UF
IK I ( i 1) ] IKS
Ik) Ci  II ] I I I
IK 4 C 1 10 1 III t
out 1 1 ] m i

Ml JZZ
i , .,1 —r  tiuait

out 5 E •« j 3  ».
(NC) £ n t —r  in c >
Ml £ » n
M 7 l i 1) n u n k ir n —7 S

HII-J01A (ctrtmlc) 
HI3-606A (plaatic) ; *5 |s

H14-S06A (UCC)

*  a u a |  
■ i c i  ;

Hlt-SOftA (ceramic) 
HI3-S09A (plaatic)

(HAIll
s

(NCI
A,

6*0

HM-SOtAOjCCI

Functional Diagrams

E 3
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HI-50BA/S09A Specifications
ABSOIJUTE MAXIMUM RATINGS (Noto 1)

VoMago between Supply Pin* 44 V
Vi- to Ground 22 V
V - lo Ground 25 V 
Digital Input Ovorvoltago:

VEN. VA |V S u p p |yW •f 4 V ) 
-4  v jv Supply(-

or 20 mA, whichever occurs first. 
Analog Input Overvoltago:

VS /  ^SuppM '*
\  VSupply<-

♦ 2 0 V ' 
-20  V

Continuous Curront, S or D: 20 mA
Peak Curront, S or D 

(Pulsed at 1 ms. 10% duty cycle max): 40 mA 
Power Dissipation* (CERDIP) 128 W
Oporatlng Temperature Rango:

HI-50aA/509A-2.-« -55*C  to +125»C
HI-S0BA/500A 5 0*C to WS'C

Storage Temperature Rango -65*C  to +150*C

‘ Derate 128 mW/*C above Ta  -75*C

ELECTRICAL CHARACTERISTICS Supplies- *15 V. -1 5 V ;V a h  (Logic Level High) 
+ 4 0 V, Va l (Loqic Levol Low) « *08  V (unless othorwiso specified).
For Tost Conditions, consult Perlormanco Characteristics Section.

PARAMCTCn TCMP

HI-40*AAliywA
-1

HI S04A/S0M
-s

DNTTSMIN. TYP MAX. MIN. ryp max
A/IAtOO CMANNtL CHAHACTEHISTCS
*V3. Anamg Signal FUnge ru* - ts ♦ 15 -IS ♦ 15 v
‘ f'O tl On f*esi«*nc* (Note 2) ♦ 2S*C 12 15 15 ta KD

fu* 15 IS ta 20 KJI
‘ IS (0 *0 . On Input Leakage Current (Ncae 3) • 2S*C 003 003 nA

fu l so so nA
"IO (Of 0- Off Output Leakage Currert (Note 3) ♦ 25*C 01 Qt r\A

HI508A Fu« 200 200 nA
HI SOW fu l 100 too r\A

•ICXOfO *",h Input O»*rvo«*g* AppAed (Note 4) ♦ 2S*C 40 40 nA
fu l 20

‘ ID (ON). On Channel Leakage Current (Note 3) ♦ 25*C 01 01 nA
HISOftA fu* 200 200 nA
HHOW fu« 100 too nA

lO iff Diherential Off Output leakage Current fu l 50 50 nA
(HI509AOnly)
Digital input c h ar ac te r is tc s

■Val. lnPui Low Threshold (Note 8) fu l OS oa V
’VAH,. Input High ThrethokJ fu l 40 40 V
•|A Input I aakage Current (High or Low) (Not* 5) fu l 10 to *A
SWITCHINO CHARACTERISTCS
‘tA. Access Tim* ♦ 2S*C 05 05

fu l 10 to f%
■'OPEN. Break Before-Make Delay ♦ 25*C 25 ao 25 ao ns
‘ ION (EN), Enable Delay (ON) ♦ 25*C 300 500 300 ns

fu l 1000 1000 ns
*lOfT (EN). Enable Delay (O f0 ♦ 25 *C 300 500 300 ns

full 1000 1000 na
Settkng Time (0 IH) ♦ 2S*C 12 12 f t

(00IH) + 2S*C 35 35 r t
"O ff Isolation" (Note 8) ♦ 2S*C so ee 50 56 <30
Cs (Of O. Channel Input Capacitance • 25*C 5 5 pf
CD (Of O. Channel Output CapaciUnc* HI 50ftA ♦ 2S*C 25 25 pf

HI-509A ♦ 2S*C 12 12 pf
Ca . D^tal Input Capacrtance ♦ 2S*C 5 S pf
CoS (Of O. Inf>ut to Output Capacrtanc* ♦ 2S*C 01 01 Pf
POVER REQUIREMENTS
PD. f t x r  Dijvpaion fu l 75 73 IT*V
■| ♦. Currert (Not* 7) fu l 05 20 05 20 mA
*1-. Current (Note 7) fu l 002 10 002 10 mA
•*00N M M ) lor O• *  I  not ft

o* thm r* tv *  t *
my ct Nm  (tfvMor* * i

; K T I « v  rt/T -  -***A
1 W" fWioartM m >»• *

I t0- I  M  ID r«
** ** ** *  ISM V v u i IMAM* m mm

A V(N . 0 I V S  . I « C |  •  H p* VJ .  r 
v fU4\ * •  *00 M il * *w iI  C*m erMfrw arc t/ i 

0  N  M M  r t

TRUTH TABLES

HI-SOftA

A? * t N EN
-ON"

Ch annel
X X X L NONE
L L L H 1
L L H H 2
L H I H 3
L H H H 4
H L L H s
H L H H e
H H L H 7
H H H H a

HI-509A

At AO EN
ON

CHANNEL
PAIR

X X L NONE
L L M 1
L H H 2
H L H 3
H H H 4

a w.
• » •U H M P in M

'4-28



HI-50BA/509A

Performance Characteristics and Test Circuits , . ,
Unless Olhorwis« Specified Ta * 2S*C, VSuppty -  *15 V.
VAH •  V. Va L -  O flV

TEST CIRCUIT 
NO. 1

: ON RESISTANCE v i '  ' '  ' '  
INPUT SIGNAL LEVEL. SUPPLY VOLTAGE

»»
NO//*

y s u  .............

Id — - o

L r
r * , .

— ®
OUT

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE

.<0 -4 4
VIN •

t i l  I I I  I I I  t i l  t i l  
Im > i v » i* i  . v«m

LEAKAGE CURRENT VS. TEMPERATURE
CO* TEST CIRCUIT 

NO. 2*
TEST CIRCUIT 

NO. 3*

TEST CIRCUIT 
NO. 4* *TWo m«a*ur»m«nt» p»f channel:

♦ 10 V /-10  V and -10  V /^10 V.
(TWo p«r devlc# for lo(OFF):
♦ 10 V /-10  V « n d  -1 0 V /^ 1 0  V.)

® 'o«  
*4r ?»<

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS

TEST CIRCUIT 
NO. 5

I -

i 1

ril AM AI 06 l*#Vt /

M-l

i

'H '

"
outMf OH

IACI CUMMftT —
IMIq<0

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS

V|g • AMNf l«**1

Iq IOMI

%
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Performance Characteristics and Tost Circuits (continued)

ON CHANNEL CURRENT v t  VOLTAGE TEST CIRCUIT
NO. •  ON CHANNEL CURRENT 

v*. VOLTAGE

SUPPLY CURRENT vs. TOGGLE FREQUENCY

ACCESS TIME VS. LOGIC LEVEL (HIGH)

Switching Waveforms
ACCESS TIME

SUPPLY CURRENT 
vs TOGGLE FREQUENCY

'S  connection k>> MI 404A

I I 
-----'*  l«-------------

1
— —

1
A '**V t
r*n  iv

OVTfV
$V/0V V

' s 1

connection lo« HI-SOM

ACCESS TIME 
vs LOGIC LEVEL (HIGH)

a I i.tnj

•HI-50aA -

TEST CIRCUIT 
NO. S
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HI-508A/509A

Switching Waveforms (continued)

TEST CIRCUIT 
NO. 9 BREAK-8 EFOREMAKE DELAY OOPEN)

a o o m w
OvJ

ENABLE DRIVE

Vah‘ 4 0

Schematic Diagrams
TTl M H ItNCI CmCUit

IN IM II 
AO 0 * I I f
TO OUOOf

l l v l l  
tMiMie 
AOOMU 
TO 01C00I
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Die Characteristics Transistor Count 
Dio Size
Thermal Constants 9 

6
Tie Substrate to: 
Procoss:

253 
116 x 79 mil

25°OVV }  For Ceramic D lp
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BC National 
Jlm  Sem iconductor
CD4518BM/CD4518BC, CD4520BM/CD4520BC 
Dual Synchronous Up Counters

Goneral Description
In *  C0*J'BBM/CD»518BC dual BCO counter end th« 
C04120BM/C04S20BC Ou»l bm *ry counter im ple­
mented M>in complementary MOS (CMOSl c irc u it*  con 
Structed w ith  N- and P-channel enhancement mode 
Hamilton

Each counter consu l* o l two identical. Independent, 
synchronous. 4-slage coun ter* The counter stages ate 
toggle Hip Hops wnich Increment on either the positive 
edge ol CLOCK or negative edge o l ENABLE, simplifying 
cascsdmg o l multiple stages. Each counter can be 
ajyncrvonousiy cleared by a high level on the RESET

tine. A ll Input* are protected against i ta l ic  discharge by 
diode clam p* to both V00 and Vss.

F e a t u r e s

■ Wide *upply voltage range 3 0VIO 15V 

•  High noi*e im munity 0 VQ0 ii»i> i

■ Low power TTL Ian out ol 2 driving 7 iL 
com patib ility  or 1 driving MLS

■ 6 M H: counting rale (typ ) at V00 -  10V

Truth Table

CLOCK IN A B U niter ACTION

y 1 0 lnc*#«u« l COuntt*

0 \» 0
“V X 0 No CftAn^i

X S 0 No Ch«ng*

s 0 0 No C*4«gt

1 “ Vw 0 No
X X 1 Q1 t H#w 04 • 0

C o n n e c t i o n  D i a g r a m

Ou«l l« l im  *«d H»t

Order Number CD4S18BMJ, 
CD43188CJ. C04S20BMJ 

or CD4S208CJ 
See NS Peckagr J1M'

Order Number C04518BMN, 
C04S18BCN, CD4S20BMN 

or C04S20BCN 
See NS Package N K E

A b s o l u t e  M a x i m u m  R a t i n g s

(N o tn  1 •<*J 2)

Voo
V|N Input
T j SlOf*9* T*mo#*#tur« R in fl 
Pq O*««o*t*on

l«*d T#mp*»ttuf« 10

R e c o m m e n d e d  O p e r a t i n g  C o n d i t i o n s

INote 2)

-0»V »O *1«V
-OSV to Voo « o iv  

c » . * ik t c
600 r ~ *

Voo V<xt#*»
V |N Input Vo*t*f»
TA Op*’ **** ' T#moerstv»# Mtnyt 

C0451IAM. CCM5XWM
COM1UC. C045*»C

3V h» 11V 
OV to V qo

c t« o n * c
~4<rc to  »is*c

D C  E l e c t r i c a l  C h a r a c t e r i s t i c s  c d 4 5 i# b m / c d 4 J 2 o b m  (N o te  2)

ss  c 75 C m e
U N IT I

lo o 0»»>c» Cu»*»n| v o o • SV s 001 1 150 *»A

v q o  •  lo v to 001 10 300 »A

VOO •  14V 70 001 70 Oft) *A

v 0 l lo w  l««#t O utput Vo*t*9* 40* <  1 * A . V ,m *  V o o . V t f O V

V o o • 4V OOS 0 00 5 OOS V

v o o  •  »0V OOS 0 OOS OOS V

v o o  •  is v OOS 0 OOS 0 05 V

VOM O utput Vo<l»f4 H o i <  1 * A .  V |M  •  V o o . V l l  •  OV
v o o  -  4 v 4 OS 4 os s 4 OS V

V o o  -  10V OOS OOS 10 0 os V

v n o  •  14V 14 o* 14 0^ 15 14 05 V

V l l lo w  l* » * l  IncK f Vo't««« ••Ol < 1 mA
V n o  • 4V . V o  •  0 SV 0.  4 Sv 1 5 7 ?s 1 % 1 s V

V o o  •  10V. V o  •  IV  Of 9V 3 0 4 S ) 0 3 0 V

V o o  •  14V. V o *  1 5V o» 13 5V 4 0 « >s 4 0 4 0 V

V|M Hjgh Lf»«l Input Vo«lKJ« H oi <  1 vA
V o n * 4 V .  V o * 0 5 V o » 4 5 V  . 

V o o  •  10V. V o  •  IV  0* *JV

)  S
; 0

. n
y 0

) 5 
;  0

V

V o o  • 14V. V o  •  1 SV o* 13 SV 11 0 11 0 •  7S 11 0 V

'O l lo w  l * * t l  0 \  11[Hit Cu***nt V im  •  V o o . V l l  •  OV
(Not# 31 V o o  •  SV. V o - 0  4V 0*4 0 *1 O H 0 34 mA

V o o  • 10V. V o  •  o s v 1 a 1 3 7 7S 0 0 mA

V o o  •  14V. V o  •  1 4V 4 7 34 •  1 7 4 mA

'Oh M.*» Le«H O utout Cu*»#n| V |H  - V o o . V l l  • OV
(Not# 3) VQO * 4V . Vq  •  4 6V o w o s i 0 M 0  JK mA

V o o  • *0V . v 0  •  0 4V •1 • •1 3 }  « 0 0 mA

V o o  • 14V. V 0  • 13 4V 4 7 34 0 a ? 4 m A

' in Input 0 « » m l V o o  • 14V. v ,N  • OV 0 1 10 4 0 1 1 0 »A

V o o  •  14V V ,N  • ISV 0 1 10 4 0 1 » 0 y A

D C  E l e c t r i c a l  C h a r a c t e r i s t i c s  c d 4 5 i 8 b o c o 4 j ? o b c  (N o te  2)

PAnAMU T f A C O N O lT lO N t
40 C 75 C •5  C

MIN MAX MIN TYP MAX M IN MAX

•oo Ow>*tt#n| O rr<«  Cu#f#n| VQO * 4V 70 001 ?0 ISO * A

V o o  •  10V 40 001 40 300 »A

V o o *  ISV no 001 AO 600 A

V0 L lo w  l« « t l OwtPul VoO»o# |I0 I < 1 * A . V , m - V 0 0 . V i i . * 0 V

v o o  •  4V OOS 0 0 05 OOS V

V o o  •  io v OOS 0 OOS OOS V

V o o *  14V OOS 0 OOS OOS V

v 0 m H ifh  lt» # i O u tpu t Vo«t*o* | I O I < U A . V , h * V OO .V |1 - 0V

V o o  *  4V 4 OS 4 OS s 4 OS V

v o o  *  »ov •  OS OOS 10 OOS V

L V o o *  1»V 14 0* MOS IS 14 05 V

5-2S9
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BC DC Electrical Characteristics ico«fd>ctwsiaec/cc^uoec<n« . a

I W » A A A » I  V |«
AO C r ,  c r »  c

U N lt |C O ^ O ifK M S
MIN M AX MIN T V * M A * M l* M AR

V l l *0  * l » A

v o o * f t v ,  v o * o ' v , * 4 ' v  

v o o  * »o v . v 0  • « v * »  t v  

V f*>  • 15V V o  • • 4V  »  1J  4 v

1 *  

3 0  

4 0

7 7 4

I k

c  ?s

I I

3 0

4 0

1 4 

3 0  

4 0

V

V

V

V|M K ) » * A
Vf>0 *V  V 0 ' O W « I S V  

VDO »0V. V o  lV o » 9 V  
VQ t) 14V V p  1 5V n* 13 5V

3 4

;  o 

11 n

3 $

/ o

1 1 0

7 TS 

4 4  

ft 7*

3 4 

;  o 

1 IC

V

V

V

•01 l o *  IH # I O v 'i* .t  (* *•»««  

IN***# )•
V im  • v o o  V IL  0 *  
Vf)»> 4 v . v q  • o 4V 

V |»0  10V V o  0  'V  

v o n  i4 v  v o  • » **v

0  57

1 .1 

3f-

0  44

1 1 

3 0

o p a

7 74

8 1!

0 36 

0*1 

? 1

»*A

*»*A

>0m N..*% I#*#* O .'P w t t ^ 'M l  
IN - .. . ) .

V im  v o o  V t t  OV

v o n  w  v o  • 4 f'V  

v o n  ‘ OV v o  • 9 s v  

Vf>n I4 v  v o  * 13 5 v

0  5?

1 3 

JO

0  44

1 1 

3 0

O i l

7 7* 

Rft

0  36 

0 9  

? 4

•*»A

***A

' in v o o  v i s  • OV 

v o n  ’ ' v  v , n  * ' v

0  3 

0 3

10 4 

10 *

0  3 

0  3

1 0 

1 0

i,A

AC Electrical Characteristics T».25-c.cv-K)pF.Rl.-2ooko.i,-it -Mn».
u n l i l l  o lh « r w u «  » p « c i l iK > .

|vM»Ol fAA  A M |11 A CONOlTIONt MIN TVf MAX UNIT!

IfH l. *Pt H (>*'•* T Oo<» • 0 v o o  • SV 335 650

VOO • 10V 110 774 "»

V o o  • 14V R5 1 70 n*

*f ML T»*** • 0 VOO • 5v 770 560

V o o  • 10V 90 730 »n

V o o  • 14V 6% 100 " i

m h l . »t l m T>»/>vt>o* f .**• voo • 4V 100 TOO m

Voo • 10V SO 100 Oi

Voo 15V 40 80 *11

M« ••**«**« C.'orli l*Ou< > »#Ov**KV Voo SV 1 4 3 MH.»

VOO 10V 30 ft MH|

Voo 14V 40 8 MM/

*WL. fV»»« Qn«i P\ji%0 W««1ih V o o - sv 100 TOO n»

Voo iov 40 100 a*

Voo isv 34 70 i»i

»RCi «*C Mi* >«v/'*> Oo* 1 «• ('•(♦•'I *  *» Voo 5V 14 *•»
» »ii T .«*♦ VOO inv 10 y»

Voo 15V 5 wl

IWH, «WL C >t/'M  W4Jth VOO sv 174 740 m
Vpo 10V 55 110 ***

Voo 14V .............. 40 ED

*WM K m l voo 5V 180 375

Voo iov 80 160 * "

voo 1SV 65 130 m

ClN Aw* l«c*wt 5 7S Pf

Cf0 ><>»*♦* C < o * t'if (.**## Co**” '* '.  (N ott 4J 50 P*

Noll 1: "Alwolul* H o m o ' 1̂  n u n  b*rl*x> 0< I f *  <>*»*• u nno l ba (u x tn lM d . Th*» not m*»n( 10 I'm **
tr>*i th *  o m n  kl m  K M fiw I »t !*>•» Ts* u t t n  •< " » k c " w m i« w  O ocxtin f Condition!" «nd ''E la o rK jl C h«K W iU tk r‘
condmom lot k iu «< dr»<n o*o*oi»».
I M t :  V j j  •  OV » » i n « i l  vocrftod .
Nota I t  lo w  a>*l 'O L  ou tput • '  •  '« " *
N ot* 4 . C4Q d#t*ww*#% tM  no load *c po wot contM m ptto* o* •  CMOS <H»k4. For •  ( t y t t o l i t i  •ap lanation . * * •  "h4Cn4C ^•m ilY  CHot actat i f  f  ic ti 
•ooticattoA not* AN  #0.

J -» 0

Logic Diagrams

Dm «4« Cm «i«  ICD4& 1 • • !  1/1 0*»««

C m i«  1CD4170RI 1/} O*.,
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ANALOG - ’ •' r- —  CMOS Dual 8-Bit 
DEVICES Buffered Multiplying DAC

AD7528
features
Oo-Chlp Latche* for Both  DAC*
♦ SV to + 15V 0 p « r*tlo n  
DAC* Matched to  1%
Four Qutdrant M u ltip lica tion  
n V C M O S  Compatib le
Latch Free (Protection S ch o ttk y * not Required)

a p p l ic a t io n s
Digita l Control of:

Galn/Attanuatlon 
RH»r Parameter*
Stereo Audio C IrcuKt 
X -Y Graphlea

AD752I F U N C T IO N A L  B LO C K  D IA G R A M

E

g e n e r a l  d e s c r ip t io n
The AD752I i i  I monolithic du»l *-b it digital/analog converter 
featuring eictllenl DAC-to-DAC matching. It i» iv * il*b lc  in 
tkinny 0.3‘  widt 20-pin DIP* tnd in 20-terminal lu rfact mount 
package*.
Separate on-chip latchet »rt provided for e»ch DAC to allow 
tu y  microprocettor interfac*.

D iu  U trtniferted into either of the two DAC d*t* latche* via t  
common l-bit T H /C M O S  compatible Input port. Control 
Input E)AC1K/DAC B determine* which DAC i i  to be loaded. 
The AD7S2«'i load cycle it  similar to the write cycle of • random 
acceti memory tnd the device it  but compatible w ith m o il l-b it 
microproceitort, including 6100, 1010, I0SJ, ZIO.

The device operttei from a ♦ )V  to ♦ 15V power tupp ljr, di»- 
tipating only 20mW of power.

Both D A O  ofTtr excellent four quadrant multiplication charac- 
ir ru tic t wiih i  tepar*ie reference input tnd feedback m itto r  for 
etch DAC.

PRODUCT H IG H L IG H T S
1. DAC to DAC matching; line* both of the AD752I D A C i »re 

fabricated tt the ufflt time oo the um e chip, preciae matching 
tnd tracking between DAC A tnd DAC B it  inherent.The 
A D 7 }2 l‘ t  mttched CMOS DAC* m»ke • whole new range of 
application c ircuit! poatible, particularly in the audio, graphics 
and procet* control treat.

2. Small p tc lu | t  tixe: combining the input* to the on-chip 
DAC latchet into a common data but and adding a L)AC A/ 
DAC B telect line hat allowed the AD752I to be packaged in 
either a tmaU 20-pin 0.)* wide D IP  or in 20-terminal turftce 
mount packages.

AOMO [T
oui » [7

*» * CE
• E

oom [T  
kutloac i fT 

Ml [ 7

- E
Mi [7

»1 OW I

3 * . *
n ]  > . l

3 -  
3 -
3 a

3 wu 
3 »*'
3 “* 
3~

PIN  CO N FIG U R A TIO N S  

LCCC Pl.CC

; i I 5 J
I • i tt tt

; i I i ;
mmrnraR.

I i 8 I s
nJEEMHT 

1 1 1 2  1

D IG IT A L -T O -A N A L O G  C O N V ER TER S 2 -7 4 1

SPECIFICATIONS iy„ . I  *  ^  IOV; OUT A -  OUT I  -  O f i H r n  o C » n r it t  tp tc ^ td )

• • nx. T ^ T .
rTATX riA /O tK AM C X*

I* 4.1 
I . I .T
uc.u

I .  A. I 
K . l.T
uc,u

ACm A T » f  iru w i 
o - r -  L»a**#i Ginwa

OITT A ( f» D  
O l‘T t(F *M )  

b f«K ^U H (V l v A.VM

DionAi rw m i* 
U*rt H«gfc

U+mCmfmmmmm
l*#onit__
«R .a.nxrifM ci

• T.— *  t ■«■#»«

CX* U te i m HmU T mh
Wj.

DAC U«mt«Vr«ilM l> TVaa 
•«l

DAC Uk*% tm t r w  T m  

DMVM»««itiil>Tto 
V«M m *em  M«M Tmm

Wn»

fow fjn t-r.tr

AC PERFORMANCE CHARACTERISTICS5 P C  Board Lfyout and A D « 4  as Output A m pM en)

f r -T- rTI *I1«C T . T ^ ,
v M  •  « l t v  

T* -  •  n*C T « ^ T _ Omm T __________________

DC 1 I T f  L Y f  E | tCTION I AGA CK/ A V ,*») A l M J •  M •  •1 AW AVg*, -

CUWHHT i r r iL fM C  TIM1* A1 m  «» IM  too T* l ) l i i  6wt A **4 -  im i .
W» -  CJ -  0V DKO-UI) -  tV » V M «  Vm »9V

r *  O f AG ATI ON D ft> T (f f« «  D«t«l 
Ufwi tm *QX ml FmM A « *( O fH  C a f f l) A l i n  m m ioo —

V .» A  -  V . ,« l •  • 10V
Ot-*T Ol.*T 1 Lm4 -  IOOriC«rr -
V K .&  •  0VD»6-Di7 e « V « V w i iV M * fV

DIGrTAL TO ANALOG O L fT O U M rV U t AJI IM AM •V tm ryf f  «r CM« T fMMM OOOOCDOO M 11111111

OLT7VT CAf ACJT ANdi 
Covr A 
C«w/t •
Coer A 
Can •

Afl M t t
m  m
IM  IM
IM IM

t t  t t  
t t  t t  
IM  IM
IM  IM

1
1
1!

DAC Lm&m LaaM OOOOOOOQ

0  AC Lm AM 11111111

AC m i )THROUGH - * 
Vaw AmOLTA 
V .» t i» O U T i

AJ -  t t  -AS 
- t t  * AJ

- t t  -AJ 
- t t  - A)

41 mm 
A l mm

V |« A ,V t 0  ft - W M W W m
M IOOAMj

OlAKVr.L TO CHANNEL ISOLATION 
V | * A » O f T i

V»a»B»OUTA

A l •71

-77

-77

-77

41 fft 

Airy*

Wib DAC Lm M  « A  11111111. 
V.i»A -  » N > f l « V r a »  lOOfcKj
v ,v  i  •  ov
v .u  1 • lOOkKi
Vt v A -0 V

DIGfTAL O O M TALK A l M M • V « iTf ACmmtM to GMi T rw rtM  OOCOOXO « 11111111

HAILMONK DtrTOfcTTON A l - h - « Alrr» VM -AVnwH IkHi

■ •MOAGaAtmn

2 -2 4 2  D IG tT A L -T O -A N A L O G  C O N V ER TER S



AD7528
INTERFACE LOGIC IN F O R M A T IO N  
DAC Selection: 
Boih DA C U tchei ihart i  common l- b il input poo. The control 
input DAC A /DAC B telccti which DAC t in  accept d»t> from 
the input port.

Mode Selection:
Inputi C5 and control the openting mode of the aelected 
DAC. Set Mode Selection Table below.

Write Mode:
When C5 and 'SfR t r t  both km  the (elected DAC it  in the 
write mode. The input d it t  Utchet of the telected DAC t r t  
trim ptren t ind  itt tnjlog output rr»pondi to activity on DBO-
DB7.

Mold Mode:
The kflected DAC Inch re tiin t the d m  which w n  prrvrnt 
on 1)1)0-DB7 ju it prior to C5 or WR nauming t  high n u t .  
Boih analog outpuii rrm iin i t  the trtluet corretpondtng to the 
d i l i  in their reipeuivc Utchet.

B A C k
D A C l a W I DAC A D A C l

L L L W M tE HOLD
H L L HOLD WHITE
X H X HOLD HOLD
X X H HOLD HOLD

L -  Lo« Sum H -  H *h State X •  Don't Car* 

Mode Selection Table

C AU TIO N : ________________________________________________ _
1. F.SD tentitive device. The digital control inputt ire  diode pro­

tected; however, permanent damage may occur on unconnected 
devicet tubjected to high energy electrottttic fieldt. Unuted 
devicet mutt be itored in conductive foam or thu n ti.

2. Do not intert thii device into pow trtd  tockett. Remove power 
before intertion or removal.

WRITE CYCLE T IM IN G  D IA G R A M

I nMNO N H N W t i t v t t  m

ABSO LUTE M A X IM U M  RA TIN G S  
(T » *  • 2J*Cunlewatherwuer»<ed) 

Voo lo A G N D  OV. ♦ 17V
Vn,, to D G N D ...............................................................OV, ♦ 17V 
AGND to D G N D ........................................................V n„  »0.3V 
DGND to A G N D ........................................................V r>0 * 0  3V
Digital Input Voltage to D G ND . . . .  - 0  JV, V I>0 * 0  3V
V rtN j. V Mk »  to A G N D ............................  -  0 JV. V „ „  >0.JV
V »*f A, B to A G N D .................................................  *2SV 
V * r ,  A , V , , ,  B to A G N D .................................................  i  25V
Power Dittipation (Any Package) to *  7 5 t  .............. 450m'X’

D e n ttt  abovt ♦ 75*C b y ..............................................6m\X'.*C 
Operating Temperature Range 

Commercial (J, K , L ) G ra d e t.....................  -  40*C to ♦ *5"C 
Indu ttru l (A , B, o  G ra d e t......................... -  40*0. lo * I5X ; 
Extended (S, T , U) G ra d e t.........................-  JVC to ♦ 12VC 

S tongt T e m p era tu re .......................................-  65X1 to ♦ I50*C 
Lead Temperature (Soldering, 10 te c t . ) ......................... * 300 C

O RDERING  IN F O R M A T IO N '

Relative
Accuracy

Gain
Error
T a -  +25*C

Temperature Range and Package O ption*1, *

-4 0 *C to  
+ »5*C

-4 0 *C to  
+ SS*C

-  55*C to 
♦ 12$*C

1 ILSB 
± I/2LSB 
l  I/2LSB

± 41.SB 
1 2LSB 
*  ILSB

P la itic  DIP(N-20) 

AD7528JN 
AD7528KN 
AD7528LN

Hermetic (Q-20) 

AD7J2IAQ 
AD7528BQ 
AD7528CQ

Of
i

l
l

-
S

e
e

 
s 

< 
< 

<

± ILSB 
1 I/2LSB 
± 1/2LSB

±4l.SB 
i  2LSB 
i  ILSB

PLCC*(P-20A)

AD7528JP
AD7528KP
AD7528LP

LCCC*(E-20A)

AD7528SE
AD7528TE
AD7528UE

NOTES
'To of tier M1L-STD-UJ, CUu B proceiMd p*m , addlU B  to port number. 
ContAcl jrwjr local lalet office for military d iu  iheet. For U.S. Standard 
Military Drawing (SMD), »ee DESC drawing # 5962-S7701.

]See Section 14 for package outline in/oema'ton.
'A lio available in SOIC package (AD752IKR, AD 752IU ).
'PLCC: Plait* Leaded Otip Carnet.
’ LCCC. Leadleaa Ceramic Chip Camer.
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Applying the AD7528

NOTtl
*■1. W  AM> «J «4 v/trD OMIT *  OAK U M t M M  •  H O W D  
M l tam.I ) roa atcnMa«Mo<0 value |

•Ct. a  m*ti coar-ixiatio* ita»r.it«*i It n o w o  o w n  
v/w«q MOM artio u m jr n n  ro r w v t x t  m nom o on 
O M u n m

Figure 1. Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table I.

DAC Latch Content! 
MSB LSB Analog Out pot 

{DAC A or DAC B)
1 1 1 1 1 1 1 I -V .-P
10000001
10 0 0 0 0 0 0 -v „ ( j 3 ) . .V p
0 1 1 1 1 1 1 1 ' M l f t j
0000000 1
00000000 'M iS t) "0

Table I. Unipolar Binary Code Table

DAC Latck Content! 
MSB LSB AaalogO»1put 

(DAC A or DAC B)
1 1 1 1 1 1 1 1 *V|N(rn)
10000001 ♦v,k(iti)
10000000 0
0 1 1 1 1 1 1 1 " M i l l )
0 0 0 0 0 0 0 1 _ v,n(tti)
00000000 *M fn )

f w t u .  . a ' r v j - ^ j t v , ,

Table II. Bipolar (Offset Binary) Code Table

Trim
Reaiator J/A/S K/B/T UCAJ
Rl ;RJ Ik 500 200
R2.R4 3)0 150 >2

Table III. Recommended Trim Resistor Valuei vs. Grade
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